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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.






[image: Better tracked with more testing, confirmed Covid cases peaked in the second winter wave]
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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-19 deaths shown in Figure 1–2.





	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



Table 1–1

Estimated summaries of ages of those experiencing different events in England and Wales in the second wave. If we lined up everyone who had experienced each event in order of their age, the median age would be that of the person halfway along. The 80% range would cover everyone except the bottom 10% and the top 10%. The median age of everyone alive was 39 – this is, quite literally, middle-aged.fn1


Daily media accounts of Covid-19 deaths (A) have an erratic profile driven by reporting delays, which can be smoothed by a seven-day rolling averagefn2

We would expect more deaths from a larger country. Rates per 100,000 people (C) give us a similar profile of the European countries in the first wave, with the UK following Italy by around two weeks, then a smaller summer dip in the US and an elongated second wave in Italy.

The final plot shows a logarithmic scale (D), in which the gap between 10 and 100 is the same as 100 and 1,000. Such scales have been widely used but not widely understood, yet they can be useful for comparing trends, as ‘exponential growth’fn3 or decline become straight lines. The rates of increase of all three countries were similar in the first wave, while the UK’s steep decline from the second wave stands out.

Once again, these statistics can generate their own stories and questions. For example, what is meant by a ‘Covid-19 death’? Were these deaths with Covid-19 or deaths from Covid-19? Was it the vaccine roll-out that explains the difference in outcomes in the UK and Italy?
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Figure 1–2

Alternative ways of visualizing Covid-19 deaths reported by Italy, the UK and the US.4


The structure of this book reflects the kinds of questions asked throughout the pandemic. We start with the virus itself, how it spreads, how infectious it is and the rise of variants, with the focus on statistical summaries and measurements rather than biology. We move on to diagnosis and cases, looking at the quality and use of diagnostic tests, the numbers of confirmed cases and the problem of estimating how many actual infections occur.

Progressing to how the virus affects people, we consider how many get ill and how they recover. This pandemic put enormous strain on the health services and their staff, so we look at what has happened in hospitals and the huge advances in treatments.

We consider death counts, clarifying different definitions, showing how age and sex matter and examining personal risk. We point out the care needed in comparing countries and drawing analogies with past epidemics and other hazards.

One controversial aspect of the pandemic has been the effectiveness of non-vaccine measures such as face masks, lockdowns or contact-tracing. We look at collateral effects, positive and negative, how behaviour has changed and economic consequences. The pandemic has affected our feelings as well as our bodies, so we examine changing beliefs about the risks posed by the virus, the role of misinformation on social media, and the impact on mental health and well-being.

We then come to some good news: the effectiveness and safety of vaccines, and who gets them first. And we look at attempts to produce mathematical models of the epidemic and, with the benefit of hindsight, how projections matched reality.

The future remains uncertain, so we finish by considering some possible paths, without claiming to know which one will come about.

Like viruses, misunderstandings and misinformation can spread through a community, and the pandemic has spawned many false assertions purporting to have a statistical basis. There are good websites that provide detailed arguments against such claims,5 but we will correct a few, including the notion that most positive tests have been false-positives (Chapter 6), most Covid-19 deaths were ‘with’ Covid-19 rather ‘from’ Covid-19 (Chapter 11), Covid-19 is no more lethal than flu (Chapter 12), and excess deaths are caused by the lockdown itself (Chapter 14).

We need to make some apologies in advance. We have had to be concise, and so doubtless your particular interest might not get the attention it deserves. While the whole world has been affected, we mainly focus on the United Kingdom. Each nation in the UK has a different public health system, and there are three different national statistics agencies, which may use different definitions; unfortunately we cannot give all equal attention.

This book is not a critique of policy decisions. We leave it to others to establish what could have been done better, although in the Postscript we draw some statistical lessons from this last year.

While the discussion about the pandemic has been awash with data, we have written this book because we believe that better attention to statistical issues could have improved understanding. So we make no apology for emphasizing the need for clarity as to what the data refer to, the value of communicating uncertainty and limitations, the need for humility regarding causal claims and the vital importance of rigorous evaluation of interventions.

Finally, a lot more will have happened by the time this book is published and read. But we hope, with the benefit of hindsight, that it can provide a strong statistical perspective on what we have all been through in the first year of the pandemic. While numbers can’t answer all our questions, we believe they can raise the quality of the discussion.




THE VIRUS




CHAPTER 2 How did the pandemic develop?

The story of SARS-CoV-2 began in Wuhan, in the Hubei province of China.1 Within three months of its first identification, civil life across the world changed radically.

What happened up to the first UK lockdown on 23 March 2020?


	Late December 2019: there are media reports of ‘pneumonia of unknown cause’,2 with a cluster of cases linked to a seafood market in Wuhan.

	9 January 2020: the World Health Organization (WHO) reports that Chinese authorities determine it is a novel coronavirus.fn1

	11 January: Scientists publish the genetic sequence of the novel coronavirus.3

	13 January: The first testing protocol is published.4 Thailand reports a confirmed case, the first outside China.

	14 January: With 41 confirmed cases in China, the WHO says human-to-human transmission is ‘certainly possible’.

	24 January: France informs the WHO of three cases, the first in Europe.

	29 January: Two people in a York hotel report a dry cough and fever after having travelled from Wuhan – the first recorded cases in the UK.5

	30 January: The WHO declares a public health emergency of international concern. Outside China, it reports 98 cases in 18 countries, but no deaths. China now has over 8,000 lab-confirmed cases and 171 reported fatalities.6

	11 February: The WHO names the virus SARS-CoV-2, while the disease caused by the virus is Covid-19 (Coronavirus disease 2019).

	29 February: Total reported cases reach 23 in the UK.7

	6 March: Public health agencies report the first UK Covid-19 death.








[image: The first reported UK Covid-19 death was on 6 March 2020]

Figure 2–1

New reported Covid-19 cases and deaths (from any cause following a positive test) in the UK, by publication date. Six government responses are shown by dates with dotted lines.



	11 March: The WHO declares a global pandemic.



Our focus now turns to the UK. Figure 2–1 shows that total confirmed cases exceeded 100 on 5 March and 1,000 on 14 March, while deaths reached 100 by 18 March and then 1,000 nine days later.

As cases and deaths rose, government responses evolved.8 On 26 February the Health Secretary, Matt Hancock, described a plan to ‘contain, delay, research, and mitigate’. On 9 March, Prime Minister Boris Johnson held the first Covid-19 press conference, joined by Professor Chris Whitty (Chief Medical Officer) and Professor Sir Patrick Vallance (Chief Scientific Advisor).fn2 Two days later, the Budget pledged supportive measures.9

On 12 March, the government announced new self-isolation requirements for people with symptoms. The day after, local elections due in May were postponed: around this time the true urgency appears to have become clear to those in government.10 By 16 March daily press briefings started, with announcements of ‘social distancing’ rules. The WHO said there were more confirmed cases outside China than within.11 Imperial College London published a report estimating, without mitigation measures, around 510,000 deaths in Great Britain and warning that a lack of strict suppression ‘would still likely result in hundreds of thousands of deaths and health systems being overwhelmed many times over’.12

Two days later, the PM announced that schools in England would close for most children. The press briefing on 20 March declared closure of bars, restaurants and other businesses. On 22 March there were new measures for shielding the vulnerable. Finally, on 23 March, there was the Prime Minister’s stay-at-home order,13 calling Covid-19 ‘the biggest threat this country has faced for decades’.

What became clear in hindsight?

Public health surveillance is incomplete. The first UK death occurred on 30 January 2020 to someone who had never travelled abroad.14 With mainly hospital-based testing, the number of confirmed cases severely understated the size of the problem; instead of the reported 1,000 cases a day around the time of the lockdown, models later estimated there were around 70,000 or even about 360,000 new infections each day.fn315

Instead of one outbreak, reverberating outwards like an explosion, we now know there were many occurring simultaneously, with genomic sequencing identifying over 1,000 different seeds of SARS-CoV-2 introduced in early 2020.16 Figure 2–2 shows there were far more imports of SARS-CoV-2 from France, Italy and Spain than from China, with the peak around mid-March, well after the school half-term but a popular holiday time for adults. This is a statistical assignment, and there is uncertainty: viruses can take indirect flights.






[image: About 6 in 10 imported lineages came from France, Italy and Spain]
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Figure 2–2

Statistical estimates of the day of importation of lineages with observerd onwards transmission (imputed) from the lag model. Statistical assignment to each country is a point estimate: there is uncertainty around each of these estimates. Total estimates are rounded.


When considering Spanish importations, note that at the Champions League football match at Anfield between Liverpool and Atlético Madrid on 10 March,17 49,000 local supporters mixed with 3,000 fans of the opposing team,fn4 while in Madrid schools were shut18 and supporters could not attend matches.19

As the pandemic receded in 2020 some restrictions eased; for example, pubs and restaurants reopened on 4 July. Afterwards, there were greater differences in government responses within the UK. Mandatory masking in shops started on 24 July in England. By September 2020 testing had increased, with rising confirmed Covid-19 cases, particularly in younger people.20 The virus spread into older age groups, and in response new rules came in force for England: the ‘rule of six’ (14 September), 10 p.m. closing time for pubs and restaurants (24 September), legal self-isolation orders (28 September), and three-tiered local restrictions (14 October).

It was not enough. A new lockdown in England began on 5 November, ending on 2 December. Rapid rises in cases in south-east England, driven by a new variant, led to a surprise fourth tier (20 December). There was a brief relaxation of rules on Christmas Day, with some divergence between UK nations.21 The government statement at the time said: ‘A smaller Christmas is a safer Christmas, and a shorter Christmas is a safer Christmas.’

Following Christmas a third lockdown began, with vaccinations rolling out. A ‘roadmap’ for easing restrictions continued.22

Different countries around the world followed different paths, and some have suffered more than others. Crucially, outbreaks were scattered across the UK, overwhelming tracing efforts based on limited testing. Arguments will continue about how earlier action could have saved lives, and we return to this issue in Chapter 16.

By June 2021, when we finished editing this book, cases were again rising sharply in the UK, although the link to hospitalization and deaths had been weakened by the vaccine rollout. There was an opportunity to examine what had happened the previous year, and just how dangerous this virus turned out to be.




CHAPTER 3 How infectious is SARS-CoV-2?

A virus can only replicate inside cells of other living organisms; whether it can be considered ‘alive’ is a philosophical question. At the core of the SARS-CoV-2 virus lies a strand of RNA that contains instructions for reproducing the virus. Laboratory studies suggest a full replication cycle of around 10 hours.fn11 The virus is physically small: one estimate says that all the SARS-CoV-2 virus in the world at one time could fit into a single can of soft drink.2

At the start of the pandemic in March 2020, fear of infection from expired droplets on surfaces (‘fomite transmission’) led to huge emphasis on sanitizing and handwashing, possibly while singing ‘Happy Birthday’ twice. It is now accepted that the primary route is ‘aerosol transmission’ from the breath of infected people,fn23 a classic example being when 24 out of 68 passengers were infected during one trip in an unventilated coach.4 Ventilation and face coverings became far more important.

When is someone infectious?

Figure 3–1 indicates that viral load and infectiousness rise at about the time any symptoms develop, although people can be infectious before developing symptoms – ‘pre-symptomatic transmission’. Viral loads tend to be higher in those with more severe symptoms, while people with no symptoms can infect others but are less likely to.5

Another important feature is people can continue to ‘shed’ detectable remnants of RNA – the building blocks of the virus – for days and even weeks after the infectious period.6 Although not infectious, they could come out positive with a sensitive diagnostic test, prompting unnecessary isolation (see Chapter 5 and Chapter 16).

How infectious is SAR-CoV-2?

We’ve all had to become familiar with the term ‘R’, which is the average number of people we would expect someone carrying the virus to infect. First, R0 (R-zero) is the basic reproduction number, which summarizes the infectiousness of the virus in a population in which all are susceptible and no precautions are taken. For the original ‘wild-type’ SARS-CoV-2, R0 has been estimated at about 2.9 (2.4–3.4).7

Figure 3–2 shows the implications of R0 equal to 3. With around five days between each stage, this virus can quickly rip through unprotected populations. As the number of infected people multiplies with each stage, the total exponentially increases, so small changes in R can have a big impact. As we shall see in Chapter 16, modelling suggests that one week’s delay in bringing in protective measures might have made huge differences.






[image: Viral load and infectiousness rise as symptoms develop]

Figure 3–1

A rough impression of the typical period of infectiousness for symptomatic adults, and viral load, adapted from Meyerowitz.8








[image: Each case spreads to – on average – three people each]

Figure 3–2

An illustration of how a virus with a basic reproduction number of 3 might spread from person to person over three reproductive stages. R0 is an average, and so the actual number infected will vary.9


It is important to remember that R0 represents an average, and the actual number of people that someone infects – the secondary cases – will vary enormously according to the people and situation.10 Figure 3–3 indicates that, when introduced into susceptible communities, around 75% of people who catch the virus do not go on to infect anyone else, while a small minority (10%) lead to the great majority (80%) of new cases.

There are several reasons for this. Some may be particularly infectious, while ‘super-spreader’ events can also occur. There was a choir practice in Washington State where one person with ‘cold-like’ symptoms led to 52 infectionsfn3 of 60 other singers after over two hours of singing closely together.11

Prolonged proximity increases risk, although the absolute risk can appear low compared to the virus’s reputation: infected individuals are estimated to infect around one in six members of the same household.12

What happens to R when protective measures are taken?

The basic reproduction number R0 holds for a ‘virgin’ population, where everyone is susceptible and nobody takes protective measures. As people develop immunity through past infection or vaccination and change their behaviour, what matters is the effective reproduction number. This number is known as Rt: the average number of secondary cases in the current circumstances.






[image: This is a possible distribution of secondary cases of Covid-19]

Figure 3–3

Estimated distribution of the number of people infected from a single individual in an unprotected community, assuming a mean (R0) of 3 and a dispersion parameter (k) of 0.1. This distribution has an average of 3, but it is highly unlikely that exactly three people are infected.



If Rt is less than 1, then each ‘round’ of infections will be smaller than the previous one. If that is sustained, the epidemic withers. If Rt is 1, the number of cases stays stable. If Rt is greater than 1, the epidemic grows.

There has been great focus on the current average Rt, but we cannot count transmissions taking place and so cannot directly ‘see’ Rt. Any estimates are therefore highly uncertain. In the UK there are eight independent teams attempting this challenging task, using broadly similar data sources but different mathematical models; they meet online at the SPI-M-Ofn4 committee and agree a consensus range.

Figure 3–4 shows how these consensus intervals changed over the pandemic. This range was confidently less than 1 after the first lockdown,13 and then the Rt range increased to well above 1 during autumn, before being brought back down below 1 by the November lockdown. With the new variant spreading, the range rose – falling after the third lockdown. By the end of March 2021, the effective range reached its lowest recorded interval of 0.6 to 0.8, and then started to creep up as measures were relaxed.

When does ‘herd immunity’ occur?

Suppose R0 is 3 so, on average, an infected person could be expected to meet and infect three people in a society full of susceptible people. Suppose two in three of people they come across are immune. On average, only one will then be infected, so the effective reproduction number Rt is 1.
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Figure 3–4

Consensus ranges for current reproduction number in England from May 2020 to April 2021.



This is the classical idea of ‘herd immunity’, reached when Rt is less than 1. In theory, herd immunity is reached when only 1/R0 are susceptible, and so 1 – 1/R0 are immune. If R0 is 3, we therefore need 1 – 1/3 (67%) to be immune.

Other diseases are rather different.14 Seasonal flu has an R0 of around 1.3, and so theoretical herd immunity is achieved if 23% are immune through previous infection or vaccination. Measles is extraordinarily infectious, with an R0 of up to 18. To protect against measles, around 94% of the population need to be vaccinated. That is why mass vaccination campaigns are so essential.

This equation is a huge simplification of reality! In practice, variation in social activity tends to reduce the necessary proportion of immunity,15 while limited individual immunity often has the opposite effect.

There have been claims that herd immunity has been, or will soon be, reached, but at the time of writing we are not there yet. A successful vaccine roll-out should – eventually – produce sufficient immunity that, when added to the effect of past infection, should bring the national Rt below one. Even without restrictions, that should prevent any widespread outbreaks, although communities without good protection remain vulnerable.

It is clearly in all our interests that a good degree of immunity is as widespread as possible, whether from infection or vaccination. But then new variants of the virus come along and disturb this process.




CHAPTER 4 What is the risk from new variants?

For every replication of the strand of RNA comprising the core of SAR-CoV-2, there is a tiny probability of a copying or a deletion error. Compared to the original virus, every mistake constitutes a ‘variant’, and the more the virus is circulating, the more variants will be generated. Small differences are often inconsequential, but sometimes the virus changes in a way that allows it to spread more easily or become more harmful. Another danger is that new variants might also allow reinfection or make protection from vaccines less effective.

Public health agencies investigate variants with troubling properties, and label important ones as Variants of Concern (VOC).1 In December 2020,2 the rising Alpha lineage (B.1.1.7) instigated new restrictions across south-east England, introducing a surprise tier, summarily called ‘Stay at Home’.3 That variant had taken hold in the multiple prisons on the Isle of Sheppey and became known as the ‘UK variant’ in other countries, and the ‘Kent variant’ in the UK.fn14 By May 2021,5 more than 240,000 Alpha (B.1.1.7) cases were confirmed through genomic sequencing.fn2

Why was this variant so concerning? Analysis in March 2021 suggested the Alpha (B.1.1.7) variant was between 43% and 90% more transmissible than other variants,6 and researchers later estimated it was 61% (42%–82%) more deadly than pre-existing variants.7 For every three deaths within 28 days of confirmed cases with wild-type SARS-CoV-2, there would be about five after Alpha (B.1.1.7) infections.

Using a proxy measure rather than full genome sequencing,fn3 the share of confirmed cases with this variant grew fast, from 7% around mid-November 2020 to 94% by the end of January 2021.8 Figure 4–1 shows its rapid climb to dominance in other countries, for example rising from 4% of Denmark’s SARS-CoV-2 cases in early 2021 to 75% seven weeks later.9

Many other variants are of interest or concern. Beta (B.1.351) was first identified in South Africa in October 2020,10 becoming the dominant variant in that country, while Gamma (P.1), found in Japan among travellers from Brazil, led to a rapid growth in Covid-19 hospitalizations in Manaus, with reported reinfections among health-care workers.
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Figure 4–1

For each country, the proportion of sequences which are the Alpha (B.1.1.7) variant. Sequences may not be a representative sample of cases in each country.



In May 2021, the Delta (B.1.617.2) variant became a Variant of Concernfn4 and started to dominate Alpha (B.1.1.7) in some regions. The secondary attack rate (SAR) is an impressive term for a simple idea: the proportion of an infected person’s contacts who also get infected. Using NHS Test and Trace data for recent non-travel cases, Public Health England estimated the secondary attack rate for the Alpha (B.1.1.7) variant was 8.1% (+/- 0.2%), while for the Delta (B.1617.2) variant it was substantially higher at 13.5% (+/- 1.0%).fn511 These figures are likely to understate the true values due to the limitations of contact-tracing, but again emphasize that a minority of contacts get infected. At the time of writing, the Delta (B.1.617.2) variant appears a formidable development and generates even more uncertainty about the future.

Effective surveillance is important for tracking viral spread and this contest of variants, but fortunately there has been extraordinary international scientific cooperation. Thanks to its laboratory capacity, the UK has contributed to the global SARS-CoV-2 genome repository about a quarter of its sequences.12

Variants will inevitably continue to appear. As we shall see in Chapter 22, there are reasonable expectations that vaccines will either cope with variants or be adaptable. This will be important as we learn to live with the virus.




DIAGNOSIS AND CASES




CHAPTER 5 How good are diagnostic tests?

The popular idea of a diagnostic test is straightforward:


	somebody either has a disease or not

	they take a test which comes out either positive or negative

	that test tells us the truth.



The reality is rather more complicated, made worse by ambiguous terms and unintuitive results, and this makes the area a minefield for the unwary (and means this chapter is rather more challenging than most).

First, there are different definitions for a ‘true-positive’ case. Does it mean they carry the virus, or the virus is capable of replicating, or they are infectious? In general, the first, broadest definition is used.

Second, the tests in regular use vary in what they call a ‘positive’ result, whether they are laboratory-based reverse transcription-polymerase chain reaction (PCR) tests, or rapid lateral flow devices (LFD).

Third, all these tests can give ‘wrong’ results: false-negatives (which could lead to false reassurance and possible spread); or false-positives (which could lead to unnecessary concern and isolation).

What is a positive test?

In PCR testing,1 laboratory technicians add enzymes to a swab sample from a person’s nose or throat. Those enzymes convert strands of the viral genetic material to a DNA copy, which is then repeatedly amplified with the aim of detecting specific parts of the SARS-CoV-2 virus, like a game of ‘Guess Who?’.

The cycle threshold (Ct) is the number of times scientists need to do this molecular photocopying to reach detection, so that high Ct values correspond to weak concentrations of genetic material, associated with lower viral load and risks of infectiousness.2 It could also mean a degraded sample, or the person is in the early stages of infection, or non-viable viral fragments after the person stopped being infectious.3 Unfortunately, there is no standardization across laboratories, which may use different gene targets and cycle threshold limits.4

The Office for National Statistics (ONS) Covid-19 Infection Survey categorizes positive tests into ‘higher’, ‘moderate’ and ‘lower’ evidence, using gene detection, cycle thresholds, symptoms and place of work.fn15 Usually most positives are ‘higher evidence’, but at times of low prevalence the few detected infections tended to be weaker, with higher Ct values. By late July 2020, the proportion of ‘higher evidence’ positives fell from above 80% to less than 30%.6 Indeed, when there is little virus in circulation, the UK government guidance requires tests that were only positive at the ‘limits of detection’ to be repeated before confirmation of a case.7

Lateral flow device tests put a liquid nasal or saliva sample on an absorbent pad, along which the liquid flows, and can give a result in 30 minutes.8 There is a strip with antibodies which bind to the proteins of the SARS-CoV-2 virus: if these proteins are present there is a coloured line, although the precise properties will differ between manufacturers. This is how pregnancy tests operate, but instead of expecting a baby you may expect to self-isolate.

How accurate are the tests?

The accuracy of a diagnostic test is characterized by two quantities. The ‘true-positive rate’ is the proportion of people with the virus who get a positive result, called sensitivity. The ‘true-negative rate’ is the proportion of uninfected people who get a negative test, also known as specificity. Discussion is more often in terms of false-positive rates (100% minus specificity) and false-negative rates (100% minus sensitivity).

At the end of June 2020, less than 0.05% of ONS Covid-19 Infection Survey PCR tests were positive.9 This means that, even were there no circulating virus, the estimated false-positive rate could not be more than 0.05%, and the ONS estimates it to be closer to 0.005%.10 So out of 20,000 people without the virus, we would only expect one to test positive. For the same procedure, the false-negative rate is likely to lie between 5% and 15%, so between 85% and 95% of infected people will test positive. These figures may not hold under different testing regimes: for example, it may depend on who takes the sample, and whether individuals are being re-tested as a check.

When it comes to rapid lateral flow device tests,11 a review found that they are most accurate for those with symptoms, but PCR tests are the ‘gold standard’. Of people with confirmed Covid-19, the true-positive rate (sensitivity) was 72% for those with symptoms but 58% for those without. For people who were PCR-negative, the true-negative rate of rapid tests among symptomatic people was 99.5%, and for those without symptoms it was 98.9%. Different brands of devices had different accuracy; with the Innova test, post-marketing surveillance in March 2021 suggested that around three to 10 in 10,000 uninfected people get a positive result, meaning a specificity of 99.90%–99.97%.12

Rapid lateral flow device tests miss some people with the virus, although hopefully they pick up many infectious cases, while having a low false-positive rate.

How accurate are the conclusions of the test?

Rather than knowing how the tests perform on groups of people with and without the virus, people want to know what the result means for them as individuals. For example, if you test positive, what is the chance you are infected? These are the predictive values of a test.

Suppose a lateral flow test has a true-positive rate of 60% and a true-negative rate of 99.9% (a false-positive rate of one in 1,000), and the virus is at the level it was in early March 2021, when around 0.3% of the population had an infection. Figure 5–1 shows what we would expect to happen if we test a million people.

Three thousand people have the infection, and so we get 1,800 true-positive results (60% of 3,000). Of 997,000 uninfected people, 997 (0.1%) get a false-positive result. The proportion of true-positive results of all positives is about 64% (1,800 divided by the sum of 1,800 and 997).fn2 The false-positive rate is one in 1,000, and yet 36% of positive results are false. This can be confusing, to say the least.13

As the virus gets rarer, more positive results will be false – when you think you have found a needle in a haystack, be prepared to be wrong.

What are the roles of tests?

Tests serve multiple purposes. They can be used for population surveillance, to determine the probability of how many people have a condition, as in the ONS Covid-19 Infection Survey. Or they can be used for making decisions about individuals, either for ‘red-light’ testing, as a dragnet to find as many cases as possible, or ‘green-light’ testing (or ‘testing to enable’), when negative tests allow people to take part in normal activities.
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Figure 5–1

‘Frequency tree’ showing what we could expect if we tested 1,000,000 people in which 0.3% have the virus. The test is assumed to have a sensitivity of 60% (detects 60% of cases of people who have the virus) and a specificity of 99.9% (1 in 1,000 people without the virus will get a false-positive test result).







Requiring someone to isolate with a false- or post-infectious positive test is unnecessary. Allowing an infected person into schools or other places could be dangerous. There is a continuum of risk, through which repeated rapid testing can provide a hazy guiding light. In the next chapter, we see what has happened in practice.




CHAPTER 6 How many cases have been found?

Every day, news reports announce the number of new recorded Covid-19 cases. What can we learn from these figures?

In general, we only hear about cases confirmed by a positive test.fn1 Although there is no requirement to have symptoms, public health agencies might only test people with symptoms, so cases are biased towards more severe disease. It is clear that the case numbers we hear about are an undercount of those who are actually infected (we cover this in Chapter 7).

By 30 April 2021,1 total reported cases reached 151 million worldwide. Figure 6–1 shows the broad shape in four continents, with European countries reporting about 45 million and North America about 38 million cases, with large winter spikes. Vaccination programmes hastened the decline from these peaks.

In contrast, Asia and South America showed increasing numbers of confirmed cases. Those in Africa remained subdued, declining from 2.4 per 100,000 people in January to 0.8 by the end of April.
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Figure 6–1

Seven-day rolling average of confirmed cases per 100,000 people in four continents between 1 March 2020 and 30 April 2021.



But great caution is needed when comparing claimed case rates from different countries, which can differ by availability, eligibility and types of test. At one extreme, countries may just stop counting. In June 2020, the late President Magufuli of Tanzania declared the country ‘coronavirus-free’,2 and after that Tanzania did not report a single confirmed case.fn2 Edicts may ease the statistical collection process but do not inspire confidence in accuracy – Turkmenistan and North Korea have also not reported any Covid-19 cases.

Figure 6–2 and Table 6–1 summarize both the size of the testing operation and what has been found in the UK.fn3

Figure 6–2 (A) shows that, after a slow start, the UK PCR testing regime grew steadily throughout 2020, with 90 million conducted in the UK up to mid-May 2021. Lateral flow device tests (B) started in 2021, rising to an average of over a million a day around mid-March after schools reopened. There was a peak of over 2 million on 28 March before meeting people outdoors was permitted. Over 70 million of these rapid tests had been used by early May, including 8.9 million in care homes and 27 million for students and staff in secondary schools.3 Tests were freely available to the public, although their benefit was unclear (see Chapter 16).
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Figure 6–2

Covid-19 testing metrics in UK and England by publication date (PCR and LFD tests, 7-day averages) and specimen date (positivity)














	Area
	
	Total confirmed cases
	Cases per 100,000 people



	UK
	
	4.474 million
	6,700



	Highest Local Authority
	Blackburn with Darwen
	19,334
	12,920



	Lowest Local Authority
	Orkney
	74
	330





Table 6–1

Confirmed cases in the UK up to 26 May 2021. (Case rates are rounded to the nearest 10.)


In the week ending 28 April 2021, secondary-school students registered taking 1.4 million LFD tests at home, of which only around 1,300 came out positive (0.1%). Of about 500 matched to a later PCR test, 40% came back negative. This high false-positive share among those getting a positive LFD test is very similar to the example in Chapter 5, which explains why confirmatory PCR testing is sensible when the virus is rare.

Figure 6–2 (C) shows a peak of 2.5 million people getting a PCR test in England in the first week of January – around one in 20 of the population provided a swab. Figure 6–2 (D) reveals that in England,4 the positivity – the proportion of PCR tests with positive results – peaked at over 40% in the first week of April 2020. At the start of the pandemic, testing was mainly kept for patients with severe symptoms, and such high positivity rates suggest a large pool of undiagnosed cases. As testing capacity rose and stabilized, patterns of positivity mirrored patterns of cases.

Table 6–1 summarizes UK confirmed cases, showing that around one in 16 of the entire population had been confirmed as a case by mid-May 2021. Rates varied across the country: the highest are about double the national average, and Orkney is somewhat of an outlier.

India carried out 2 million tests per day in late May 2021. In a population of 1.4 billion, that means that only one in 700 was tested – around a tenth of the UK rate.5 In early May, 20% of Indian tests were positive, indicating many unconfirmed cases.

Was there a ‘case-demic’?

There are several reasons why confirmed cases would be an undercount of the true number of infections. There have also been claims that, because of false-positives, confirmed cases are an overcount and the rise in autumn 2020 was just a ‘case-demic’.

That theory rested on the observation in Chapter 5 that at times of low prevalence, many positives would be either false or ‘lower-confidence’ ones. That is why – in those circumstances – the guidance recommends further confirmatory testing for positive PCR tests at the limit of detection.6 Also, for a period from October 2020, confirmed cases in England included all positive results from lateral flow devices. On 9 April 2021, Public Health England removed positive rapid tests where the confirmatory PCR test returned negative. This change reduced the cumulative total by over 8,000 cases.7

But, while there certainly can be many false-positives when the virus is rare, the subsequent rise in hospitalizations and deaths from all causes in the autumn and winter of 2020 exposed the case-demic hypothesis as ill-founded.




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

Put simply, we do not know. Many people will have been infected and be unaware or untested, and so the number of ‘confirmed cases’ is bound to be an underestimate. To seek better answers to key questions such as how many people are infected, or how many got infected today, or how many ever caught the virus, we rely on that old tool – the sample survey. In the words of the statistician John Tukey, it is better to get an approximate answer to the right question (by doing a good survey) than get a precise answer to the wrong question (counting confirmed cases).

The basic idea is that we only need a sample to understand the whole population, provided the sample is representative. One key way in which to gather a representative sample is through choosing people at random. In the memorable image of the survey researcher George Gallup, you do not need to eat a whole pot of soup to find if it needs more salt: you only need a spoonful, provided it has been stirred well.

The ONS began recruiting participants for a survey in April 2020. Through an extraordinary effort, they published the first results in three weeks.1 A year later, the survey had involved following up over 450,000 individuals from 230,000 households, with a total of over 4 million PCR tests.2 It was a massive endeavour.fn13

The acceptance rate in England for the first two waves was about 44%, and households who agreed to take part would not have been completely representative.fn24 Data from under-represented groups are weighted up, but some biases could remain. Other studies include the REACT-15 surveyfn3 and the ZOE Covid Symptom Study app,6 which has over 4.5 million contributors. These studies get similar answers to the ONS survey, providing valuable cross-checks.

How many people have it at any one time (the prevalence)?

All the nose or throat swabs in the ONS survey are subjected to PCR tests and declared positive or negative. Raw data goes through sophisticated statistical modelling, adjusting for imbalances in the participants, and provides an estimate of the proportion of the population that would test positive. This is shown in Figure 7–1 from when the survey results started in May 2020, with margins of sampling error. Because the PCR test is imperfect, these figures do not directly represent the proportion of infected people – the true prevalence.
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Figure 7–1

Estimated proportions of the community that would test positive for SARS-CoV-2 in nations of the UK between May 2020 and April 2021; 95% uncertainty intervals are narrower for England, as the sample size is greater. These figures do not include those in institutions such as hospitals, care homes and prisons.



The four nations followed a slightly different pattern, but the peak was around the start of 2021: one in 50 of the community would have tested positive, over a million people in the UK. In contrast, rates were extremely low in summer 2020 and spring 2021. In the six weeks from 31 July to 10 September 2020, out of over 200,000 swab tests only 159 were considered positive (0.08%). We saw in Chapter 5 that, when prevalence is low, these positives tend to have high Ct values and are likely to be less infectious.7

These rates are averages: the chance of an individual getting infected will depend on their contacts and precautions. Some occupations increase viral exposure, and the ONS provided estimates of the raw positivity rates of 254 occupational groups over the second wave between September 2020 and January 2021.8 In this period, an average of 4% of the working population (one in 25) tested positive, but limited numbers in specific groups prevent precise comparisons. It is notable that paramedics and ambulance staff ranked top, with 12% testing positive, despite the availability of protective gear. For outdoor occupations, none of the 93 sampled street cleaners, forestry or farm workers tested positive over this four-month period.fn4 We shall see in Chapter 13 that Covid-19 death rates have varied substantially across occupations.

How many have been catching it each day (the incidence)?

It is challenging to estimate the incidence rate – the proportion of the community catching the virus each day – but it can provide an idea of how much the number of reported daily cases undercounts those actually infected. With repeated tests on the same individuals, the ONS produce a modelled estimate that rose and fell like the case numbers in Chapter 1. Estimated incidence reached a maximum at Christmas 2020, when around one in 500 people in England were getting infected each day (99,100–115,400 individuals). The minimum came in July 2020, with about one in 30,000 people per day (around 1,700).fn5 Rates were probably higher back in March 2020, but the survey had not started then.

After Christmas 2020, around 50,000 new cases were being reported each day,9 compared to the ONS estimate that about 100,000 new people a day would have tested positive, although that latter figure does not include hospitals or care homes. That suggests a rule of thumb: less than half of infected people make it into the published case numbers.

How many have antibodies after catching Covid-19?

Antibody tests provide another way of monitoring who has had, possibly unknowingly, an infection.

The virus consists of an RNA genome coated in a protein ‘bag’. These proteins constitute antigens, which the immune system recognizes as ‘foreign’. On first encounter, our immune system takes some time to build up its initial response, mounting its attack by targeting the structural antigens of the viral coating. Those responses include the production of circulating antibodies, which can be measured in blood samples. Like all diagnostic tests, the antibody test is not a perfect measure. The blood sample may be too small, or the response too limited, to provoke a positive test result.

In early December 2020, before vaccines started contributing to the immunity in the population, the ONS estimated that around 13% (10%–16%) of the English population had antibodies, corresponding to about 7 million people having survived a previous infection.10 These rates dropped steeply with age: the ONS estimated that 25% (18%–36%) of those aged between 16 and 24 had antibodies, compared with only 3% (1.5%–5%) of over 80s, suggesting high levels of undetected infection in younger groups.

Antibody tests do not give a complete picture of our immune capacity. Our ‘adaptive’ immune system is complex, comprising both B-cells (antibody-producing cells) and T-cells (whose activity does not show up on these tests). Both ‘remember’ the viral antigen (whether met through previous infection or vaccination), and so get triggered when exposed again.11 Mounting an effective second response is quicker.

An optimistic lobby asserted that previous infection by other coronaviruses (including common colds) conferred protection against SARS-CoV-2, enabling much less stringent anti-virus measures.12 The crashing experience of multiple waves of infection countered these claims of high proportions of pre-existing immunity.

Although around one in five of the populationfn6 had been infected by May 2021,13 it became clear that an effective vaccination programme was essential to bring outbreak-limiting immunity. We shall examine its effectiveness in later chapters.




DISEASE AND ILLNESS




CHAPTER 8 How ill do people get with Covid-19?

It is a myth that statisticians love averages.fn1 While a single summary number is important, the variability around that central figure reflects the full diversity of experience. The human reaction to viral infection shows great variety – some may not even know they have SARS-CoV-2, while others require hospitalization (see Chapter 9).

What symptoms do people experience?

Many studies have reported the symptoms experienced in cases confirmed by a PCR test, but these analyses suffer a major flaw: such symptoms are likely to have led to the person getting tested in the first place, and so these cases are not representative of all infections. To avoid potential biases we ideally need a random sample of all those carrying an infection.

Again, the ONS Covid-19 Infection Survey provides some appropriate data.1 Participants were asked whether they were experiencing the symptoms shown in Figure 8–1, and then were given a PCR test. Only ‘strong-positive’ cases were used (Ct less than 30), to exclude those at the start or end of the infection.
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Figure 8–1

Proportions of people with ‘higher-evidence’ positive tests (Ct less than 30) who reported each symptom, given in order of frequency, in UK nations between December 2020 and April 2021.



This shows that at most 40% of people nearing peaks of infection presented any of these specific symptoms. The most common were cough, fatigue, muscle ache (myalgia) and sore throat: only around one in five said they had a loss of taste or smell. About one in two reported at least one of the established symptoms and, since experiencing symptoms instigates getting a test, that fits with the rule of thumb that less than half of infected people got a test.

How many experience ‘long Covid’?

Most people with Covid-19 recover quickly. Others continue to experience debilitating symptoms for weeks or even months, a phenomenon known as ‘long Covid’. Two main groups have been identified. First, there are those who have been hospitalized and continue to suffer long-term symptoms, largely explicable by the aftermath of intensive care and often with organ damage – these are examined in Chapter 9.

Second, there are those who may have had a mild infection but continue to suffer from a post-viral fatigue syndrome similar to myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS), or new or continuing Covid-19 symptoms.2 People experience a range of conditions, such as pain, fatigue or ‘brain fog’, sometimes in an unpredictable manner. After being ill with Covid-19, the science writer Adam Rutherford reported breathlessness and fatigue six months later.3

Turning diverse experiences into data has required formal definitions:


	acute Covid-19: symptoms up to four weeks after confirmed infection

	ongoing symptomatic Covid-19: four to 12 weeks

	post-Covid-19 syndrome: 12 weeks or longer.



The latter two groups are generally referred to as ‘long Covid’.

Great care is needed to avoid biased samples when estimating the proportion experiencing long Covid. A US pre-print analysis reported that over a quarter of Covid-19 cases were experiencing symptoms two months after they were first infected, but they only looked at people engaging with health-care providers, thus biasing estimates towards more severe cases.4

The ONS Covid-19 Infection Survey provides a better estimate,5 asking participants to self-report their experience. Figure 8–2 shows how the proportion with symptoms declined up to four months after documented infection, with one in seven (14%, 11%–17%) still experiencing symptoms for at least 12 weeks. There were slightly higher rates in women than men, with the highest in those aged 35–69 – this is not primarily a condition of the young. These were not only the normal symptoms we all occasionally experience: the control group of people unlikely to have had Covid-19 reported a rate of about 2%.

The main persistent symptoms for 12 weeks were the same as those experienced at five weeks: fatigue (8%), headache (7%), cough (7%) and muscle ache (6%). The response options did not include ‘brain fog’.

When it came to managing such long-term effects, a group of experts concluded there was no good-quality published evidence on effective interventions, and the panel ‘largely based its recommendations on its own clinical and lived experience’.6
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Figure 8–2

Estimated percentage of people who reported any symptom following confirmed Covid-19 infection in the UK from April 2020 to March 2021 – the symptoms elicited are those in Figure 8–1. The bands show 95% confidence intervals.



This is a virus which produces a huge variety of responses, and scientists are still seeking to understand biological mechanisms behind continued harm. The ONS survey estimated that about 1.1 million people (one in 60 of the population) were suffering from long Covid in April 2021, including ‘brain fog’ and various other symptoms. That is likely to reduce quality of life and place considerable burdens on health services.

As the worst of the epidemic passes, and most of us return to reasonably normal activities, it will be important to remember those facing the long-term impacts of infection.




CHAPTER 9 What happened in hospitals?

After SARS-CoV-2 invades your body, the virus hijacks cells,1 turning them into viral factories which go on to infect other cells. The immune system responds, but can cause inflammation in the lungs, leading to breathing difficulties. The body lacks oxygen, inducing widespread distress. SARS-CoV-2 can also attack other organs, including the heart, blood vessels and brain. Harlan Krumholz, a cardiologist at Yale University, said the disease ‘can attack almost anything in the body with devastating consequences’.2 The understanding of how Covid-19 affects the human body is growing.

Given its ease of spread and severity, this disease puts great pressure on hospitals.

How many people have gone to hospital with Covid-19?

In Italy on 12 March 2020, there were around 8,000 hospital patients with Covid-19, mainly clustered in a single region. A nurse likened the coronavirus outbreak ‘to a world war’.3 The national hospitalized number reached about 33,000 on 4 April.

Figure 9–1 shows weekly admissions per 100,000 people for four countries. In the week ending 22 March 2020, 4 Italy reported about 30 Covid-19 hospital admissions per 100,000, while Spain reported 66.5 The UK’s weekly peak of 42 Covid-19 admissions per 100,000 came during the second wave in the week ending 10 January 2021.
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Figure 9–1

Weekly new Covid-19 admissions per 100,000 people between March 2020 and April 2021 for Italy, Spain, the UK and US.



Under normal conditions, English hospitals admitted around 600 patients a week per 100,000 people in 2018–19 and 2019–20.6 But a highly infectious disease poses additional burdens on hospital care, out of proportion to the raw numbers.

These national averages disguise larger local peaks. London reached a peak of 52 Covid-19 admissions per 100,000 people in the first week of 2021:7 about one in every 1,920 Londoners was admitted. Queues of ambulances built up, and the Mayor of London, Sadiq Khan, declared a ‘major incident’: ‘the situation in London is now critical with the spread of the virus out of control’.8 At that time, every region in the UK saw admission rates of more than 19 per 100,000. In total, up to 31 March 2021 there were about 458,000 Covid-19 hospital admissions in the UKfn1 – nearly half a million.

How did the NHS cope?

Right from the start of the pandemic, the fear was that the NHS would be overwhelmed, normal care would disintegrate and staff and patients would suffer unduly; this led to the government’s slogan ‘Stay Home, Protect the NHS, Save Lives’. Fortunately, the NHS did not collapse, but it was subjected to massive pressure which was inadequately reflected in statistics.

Staff absences rose from the normal 4% to over 6% in April 2020, due both to illness with Covid-19 and to self-isolation. That is equivalent to nearly 80,000 full-time staff being absent each month – enough for ten large hospitals.9 If we consider just absences put down to infectious diseases, that month nearly a million working days were lost, forty times the past average.

Despite huge efforts, normal NHS service was seriously disrupted. In England10 there were about 4.4 million people on waiting lists for treatment in February 2020, a figure that had been steadily increasing for years.11 By April 2021 the number exceeded 5 million for the first time. During the first wave nearly 90,000 joint-replacement surgeries were cancelled,12 leaving many struggling with daily pain.

Seven new Nightingale hospitals were rapidly put together, but hardly used, partly because referring hospitals were unable to spare accompanying staff. The 4,000-bed facility at London’s ExCeL centre reportedly treated 54 patients in the first wave.13 The total cost of these now-closed hospitals was over £500 million.14

What happened to people in hospital with Covid-19?

Covid-19 was a new disease; initially it had no specific treatments. Doctors were left healing manifest symptoms. Most Covid-19 patients were treated on the wards, although severe cases could be admitted to critical care (intensive-care or high-dependency units), usually within 24 hours of admission.

As we shall see in Chapter 10, clinicians learned from each other, testing treatments and improving care. As pressure eased in the first wave, there was a profound reduction in death rates; in-hospital mortality within 28 days of admission fell from 30–35% in early March and April 202015 to 10–15% for admissions in late July and August that year. In the second wave,16 hospital mortality was around 20%.fn2

Figure 9–2 shows a rough estimate of what happened to 100 admissions in the first wave. As we saw in Chapter 1, those who go into critical care tend to be younger than those admitted to hospital wards, selected as best able to withstand and benefit from the rigours of treatment. Many older patients with extensive co-morbidities remain on the wards.

The reports from the Intensive Care and National Audit and Research Centre (ICNARC) cover over 24,000 critical-care admissions from 1 September 2020 to 25 March 2021.17 ICNARC described an excess of patients with Asian and Black ethnicity (21%) and from deprived communities. Also, 12% of these patients had a BMI of 40 or more (‘severely obese’), compared to about 3% of all English adults.18 Males outnumbered females by two to one.

ICNARC reported an overall mortality rate in critical care of around 37%, but varying hugely by age. About 66% of critical-care patients aged 80 or over died within 28 days, compared to 12% of those aged 16–39. Men had a higher likelihood of death than women, but deprivation or ethnicity appeared to have little extra effect on the mortality risk.

The poet Michael Rosen, the Children’s Laureate from 2007 to 2009, was in his 70s when he was admitted to critical care with Covid-19. He later recalled being asked to give informed consent for mechanical ventilation; Rosen asked if he would wake up and was told there was a 50–50 chance if he consented, but zero if he didn’t.19 The doctors were, if anything, being kind to him: of ventilated over-70s in the first wave, about 70% died within 28 days.
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Figure 9–2

Outcomes for the ISARIC WHO CCP-UK cohort of 63,972 patients in Great Britain admitted between 9 March and 2 August 2020, scaled to 100. Critical care has a higher proportion of deaths, but most hospital deaths occurred in standard care.



What happened to people after discharge?

An ONS analysis20 of hospital discharges in England up to 31 August 2020 showed that those treated for Covid-19 fared far worse than other patients. Of each 100 Covid-19 patients who had been discharged and followed up for an average of 4–5 months, 29 had been readmitted to hospital and 12 had died, much higher rates than for non-Covid-19 patients.

An analysis of US Veteran Affairs health-care-system hospitals came to similar conclusions.21 Of the 1,775 veterans with Covid-19 discharged between 1 March and 1 July 2020, 354 (20%) were readmitted and 162 (9%) died within 60 days of leaving hospital.

Severe Covid-19, and its treatment, causes morbidity as well as death. Leaving the hospital is not the end of the problem.

How many caught Covid-19 in hospital?

An outbreak of Covid-19 in hospital can have devastating effects. A single unsuspected case in St Augustine’s Hospital in South Africa led to six major clusters,22 resulting in confirmed infections among 80 members of staff and 39 patients, 15 of whom died.

It is difficult to find accurate data on hospital-acquired infections of SARS-CoV-2. NHS England advised Full Fact, a fact-checking organization, to calculate ‘probable nosocomial infections’23 – those originating in hospital – by subtracting ‘new hospital cases from the community’ (confirmed at or soon after admission) from ‘new hospital cases’ (confirmed at any point in their stay). Using this method, between 1 August 2020 and 31 March 2021 there were around 40,900 probable infections in hospital. That means about one in seven new hospital cases first tested positive at least a week after admission.

According to the Guardian, ‘NHS England insisted that the real rate of hospital-acquired coronavirus is 4.5%.’24 That figure uses a different definition: in-patient diagnoses with first specimen dates at least 14 days after admission, which could be considered a ‘definite’ in-hospital infection.

Figure 9–3 shows that the proportion of probable hospital-acquired SARS-CoV-2 infections had a distinct trend, rising to over one in five during the winter peak.

This discussion of Covid-19 in hospitals cannot adequately reflect the suffering experienced by patients – particularly with restrictions on family visits – and hospital staff, working long shifts in incredibly challenging conditions while trying to protect their own health with intrusive protective equipment.

Statistics alone cannot convey these sacrifices.
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Figure 9–3

NHS England new Covid-19 hospital cases by diagnosis time and the proportion in which the first positive test was seven or more days after admission. This is for 1 August 2020–6 April 2021.





CHAPTER 10 How good are the treatments for Covid-19?

We saw in Chapter 9 that hospital outcomes improved during the first wave, but how did this happen?

At the start of the pandemic, respiratory distress galvanized a focus on ventilators,1 and 70% of those in critical care were invasively ventilated in the first 24 hours:2 a tube was put down their throat and a machine took over their breathing by pushing air/oxygen into their lungs. After the downsides of ‘positive-pressure’ ventilation on Covid-19-infected lungs became clear, this rate dropped to around 30%. Less aggressive treatments became favoured, in which gentler air pressure is applied through a mask or other contraption with the patient remaining ‘responsible’ for their own respiratory effort.3 Simple, but previously little used, interventions like getting patients to lie on their front (proning) helped them to ventilate all areas of their lungs.4

Many suffer serious symptoms after initial infection, needing to endure punishing treatments. An extreme case is extra-corporeal membrane oxygenation (ECMO), which requires blood to be pumped through what is essentially an ‘artificial lung’ by the bedside, allowing ultra-damaged lungs to rest. A national service uses points-based referral criteria, only including the sickest and excluding frail patients because of its grim effects. NHS England treated 236 patients with ECMOs in the first wave.5 In the past, there had usually been 40 ECMO referrals a year to the Royal Papworth Hospital in Cambridge: that figure rose to 40 referrals a month.6

The rapid learning curve was mediated by professional grapevines, social media and online discussions of clinical practice and the latest pre-prints. But not all innovations have obvious benefits, and we need to take great care about claiming medical benefits of treatments.

As is inevitable for a new and frightening disease, we heard many claims of potentially dubious remedies. Madagascar’s President Rajoelina asserted the benefits of herbal tonics,7 while President Donald Trump gave apparent support for injecting bleach.8 The anti-malarial drug hydroxychloroquine was heavily promoted by both the popular doctor Didier Raoult in France and Trump in the US. A paper in the prominent journal The Lancet appeared to confirm its benefits but had to be withdrawn when the genesis of the claimed data became suspicious.9

The idea of giving people blood transfusions from people who had recovered from Covid-19 (convalescent plasma) also seemed reasonable, since some immune response might be transferred. Stephen Kahn, the head of the US Food and Drug Administration, asserted a 35% reduction in mortality.fn110

All these claims were based on just comparing what happened to people who did or did not have the treatment, but this is insufficient to prove that a new treatment caused any differences. It may, for example, have been given to healthier patients. We could use statistical methods to adjust for known imbalances, but the main reliable way to prove causation is to allocate volunteers at random to receive the new treatment or a control. Such randomized controlled trials (RCTs) were first developed for use in agriculture, but now Web designers and analysts use randomized trials through ‘A/B testing’: every time you visit a website you may be taking part in multiple trials.

Randomized trials reduce statistical biases by ensuring that groups are balanced, up to the play of chance, and even in ways we are unaware could influence the outcome. If these trials are large enough, researchers can robustly say whether the intervention helped or not.

Fortunately, the UK Randomised Evaluation of Covid-19 Therapy (RECOVERY) organization11 was set up early in the pandemic and has become the world’s largest collaboration for trials on people hospitalized with Covid-19, with over 180 hospitals and about 40,000 hospital patients taking part so far. RECOVERY takes advantage of the unique NHS infrastructure to simultaneously run multiple overlapping trials, so that each patient may be in many studies. Such ‘platform trials’ are a recent innovation that have proved their worth.

RECOVERY trials have been hugely influential. Figure 10–1 shows the results for low-dose dexamethasone,12 a cheap and widely used steroid. By March 2021, the use of dexamethasone was estimated to have saved 22,000 lives in the UK and over a million worldwide.13 Another RECOVERY study showed that for every 25 patients treated with tocilizumab, a treatment for rheumatoid arthritis, one additional life would be saved.14
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Figure 10–1

Cumulative mortality (%) in days after randomization to either low-dose dexamethasone, an inexpensive steroid or usual care. Twenty-eight-day mortality was reduced by 27% overall but differed between patient groups. Mortality was reduced by 36% in those requiring mechanical ventilation, by 18% in those requiring oxygen only. Those not receiving oxygen did not benefit.



Randomized trials are useful for detecting small but important differences. The difference in absolute risk may not appear big, but multiplied over vast numbers of patients it means many lives saved.

Almost as valuable as finding effective treatments, RECOVERY trials also established, for example, that hydroxychloroquine did not show a clear clinical benefit,15 and neither did convalescent plasma.16

Other treatments are still contested. The effects of Vitamin D as a dietary supplement are still unknown.17 Ivermectin, a treatment for parasites in animals, has been promoted as an anti-viral treatment, but regulatory authorities recommend against its use.18

RECOVERY is one of the UK’s greatest contributions to world health, all based on the simple principle of deciding treatments by the flip of a (digital) coin. It demonstrates what can be achieved through efficient organization, a national health service, dedicated medical teams and vast numbers of volunteers.




DEATHS




CHAPTER 11 How many people have died from Covid-19?

This appears a simple question to answer – we count the deaths caused by the virus. However, as we find throughout this book, the reality is somewhat more complicated. If you forgive statisticians for sounding impersonal, it is often easy to count bodies; saying whether they died because of Covid-19 is a different matter. Just in the UK there are numerous ways of tolling deaths.

What is meant by a ‘death from Covid-19’?

The WHO gives the following guidance for certification of a death due to Covid-19:1 ‘a death resulting from a clinically compatible illness, in a probable or confirmed Covid-19 case, unless there is a clear alternative cause of death that cannot be related to Covid-19 disease (e.g. trauma)’. According to this wide definition there does not need to be a positive test, and Covid-19 is assumed to be the cause of death without another plausible explanation.

There are two problems with this definition. First, it depends on medical judgement about causes. Second, it can take weeks to process; it is ill suited to the demands of real-time surveillance and public appetite for rapid updates. The numbers appearing on the daily-changing dashboards draw from a parallel reporting system, separate from official death registrations.

Different counting methods complicate comparisons across countries, and even within countries. For example, the Netherlands health institute2 publishes daily counts of Covid-19 deaths, overleden patienten, with a positive test, including those in care homes and other settings. Belgium’s Sciensano3 counts both confirmed and suspected Covid-19 deaths. In the US, the Centers for Disease Control and Prevention4 includes both probable and confirmed Covid-19 deaths, depending on jurisdictions.

At the start of the pandemic NHS England was very restrictive, counting only deaths in hospital after a positive test for SARS-CoV-2. While definitions in Wales, Scotland and Northern Ireland remained constant,5 that in England changed several times.6 Public Health England took responsibility for this statistic on 29 April 2020,7 expanding the definition to include deaths notified to local health protection teams. They also linked positive ‘Pillar 1’ test resultsfn1 to death reports from electronic hospital records. That change had a dramatic effect: up to 28 April there were 19,739 reported deaths in English hospitals. The new definition increased that count by 3,811 – to 23,550 deaths.

Improved record linkage in June 2020 added more deaths. In July came a bombshell, when researchers highlighted what perhaps should have been obvious:8 if we count everyone with a positive test who subsequently dies as a Covid-19 death, then it is impossible to recover from Covid-19! An official said: ‘You could have been tested positive in February, have no symptoms, then be hit by a bus in July and you’d be recorded as a Covid death.’9

That caused considerable consternation, with Health Secretary Matt Hancock ordering an inquiry. By 12 August, Public Health England introduced a time limit into its ‘headline’ number, counting any death within 28 days of a positive test for SARS-CoV-2.10 That meant an immediate reduction in total recorded deaths by 5,377.

It’s vital to remember that the daily counts on the news of the ‘28-day’ death figures do not represent deaths that happened in the last 24 hours, but those newly reported. Figure 11–1 shows a clear weekly cycle: the daily figures tend to be higher on Tuesdays and Wednesdays because of reporting delays over the weekend. This has led to some dramatic differences in England: there were 560 deaths reported on Monday, 18 January 2021, jumping to 1,507 the next day. Since all these numbers are released at around 4 p.m. each day, they become ‘news’ and so are given prominence by journalists, regardless of their relevance.

The 28-day window is arbitrary; the time from test to death can be longer than four weeks, and the testing criterion also excludes deaths from the disease of those who went untested or only had false-negative results. There is also a 60-days-‘plus’ count: deaths within 60 days of a positive test or if Covid-19 appears on the death certificate, but this could be affected even more from unrelated deaths occurring in that window.
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Figure 11–1

Reported deaths within 28 days of a positive test in England, for each day of the week on which they are reported. There are very different patterns according to the day of the week on which deaths are reported.


Confused? You are not alone. And we have not even begun on death registrations.

How many ‘official’ deaths have there been?

As part of the death registration process, clinicians provide a medical certificate of cause of death (MCCD).11 The MCCD has two parts:


	Part I: the sequence of disease that led to the death

	Part II: other important factors contributing to the death.



If Covid-19 appears in the first part, clinicians believe it was a cause – a death ‘due to Covid-19’, even if the final event before the death was, say, pneumonia. If the certificate mentions the disease in either part, it is a death ‘involving Covid-19’. Unlike test-based counts, doctors do not need a positive test to believe that Covid-19 played a role in someone’s death. Up to June 2020, Covid-19 was labelled as ‘suspected’ in 8.4% (4,251 deaths) of all deaths in which it was implicated.12

Figure 11–2 displays all death registrations in England and Wales between the end of 2019 and April 2021, and separates deaths with Covid-19 mentioned on the death certificate from deaths not involving Covid-19. The image generates many questions.
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Figure 11–2

Deaths registered in England and Wales between 28 December 2019 and 23 April 2021, by week of registration. The black line is the 2015–19 average; the dark shade indicates deaths involving Covid-19.



During the first wave, Covid-19 deaths rose rapidly, but so did deaths from other causes. Why? The ONS has put forward possible explanations,13 including ‘collateral damage’, through people avoiding overstretched hospitals. But the primary cause is likely to be under-reporting of Covid-19, especially in care homes where many people went untested, and certifying doctors might be reluctant to write Covid-19 as a cause, particularly if they had not seen the patient themselves recently. This is a novel disease: clinical judgement is challenging.

In summer 2020 Covid-19 deaths plummeted, and for a few weeks deaths from all causes were under the five-year average. The second wave saw a rise in Covid-19 deaths, as well as deficits of deaths not involving Covid-19, in marked contrast to the first wave. As the second wave receded, deaths from all causes decreased to low levels; in the week ending 30 April 2021 there were 9,692 deaths registered in England and Wales, 766 fewer than the five-year average and the lowest since 2014 for that week. So why were non-Covid-19 deaths so low in the second wave?

There are many potential reasons. The weather was mild. As we shall see in Chapter 17, the restrictions in place had the collateral benefits of fewer road casualties and suppressing seasonal influenza. There is no sign, yet, of increased deaths from cancer, despite disruptions to hospital services.

There is also the fact that some vulnerable people who died in the first wave might otherwise have survived another year and be dying in 2021. This mortality displacement, also known by the unfortunate term ‘harvesting’, often shows when a cluster of deaths due to extreme heat or cold is followed by a dip in mortality rates. At the start of the first wave, one of us (DS) was quoted as saying, ‘many people who die of Covid would have died anyway within a short period’. Others estimated that this proportion could be over half. We were wrong: it is plausible that between 5% and 15% of the 60,000 excess deaths in the first wave were hastened by under a year. The great majority of these people had their lives shortened by a somewhat greater extent; analysis suggests that, on average, around 10 years of life are lost from Covid-19 deaths in the UK,14 and 16 years globally.15

Have people been dying because of Covid-19, or just with it?

Up to 28 August 2020, for most deaths (93%) where Covid-19 was mentioned on the death certificate the disease was stated as the underlying cause of mortality.16 People were not just dying with Covid-19, they were dying because of Covid-19. That changed when the virus became rarer, with the proportion dying ‘with’ Covid-19 rising to 32% in late April 2021.17 Why was this? We’ve seen that when the virus was less prevalent, there was a smaller proportion of ‘strong’ positives, and cases tended to be less severe. Those registering deaths may not have regarded Covid-19 as the underlying cause, even though the infection was present and considered to have contributed to the death in some way.

It is rare for there to be only one primary cause of death, and Covid-19 is no exception. In the first wave, in 91% of deaths involving Covid-19 there were pre-existing conditions,18 with dementia and Alzheimer’s disease present in a quarter of them. So while Covid-19 is the underlying cause of the vast majority of Covid-19 deaths, Covid-19 is very rarely the sole cause.






[image: Deaths at home continue to be above the 2015–2019 average]
[image: ]

Figure 11–3

Excess deaths in England and Wales by place of death and week of death registration, from March 2020 to April 2021, compared to the 2015–19 rates for each week.



Where have people died?

There are some striking patterns in the excess deaths for different locations, as shown in Figure 11–3. In particular, there has been a consistent increase in deaths at home throughout the whole pandemic, at around 40%, featuring most causes of death.19 This generates more questions: why were these people dying at home, and what was the quality of their end-of-life care? The available data cannot tell us, but putative explanations include medical advice and a personal reluctance to go to hospital unless strictly necessary. Hospitals saw surges in excess deaths in both waves, but when the pandemic waned there was a decline arising from disruption of services and the shift to dying at home.

The pattern in care homes tells a strong story; there was a massive peak of over 26,000 excess deaths in the first wave, after vulnerable care-home residents were inadequately protected.fn2 The second wave saw few excess deaths, but this was largely because there were fewer people in care homes: residents had been removed, and those who had died had not all been replaced.

How many people have died with Covid-19?

The total toll depends on how you count. Table 11–1 summarizes three different ways of tallying the deaths in the UK, showing that the highest total comes from the ‘official’ ONS registrations. The widely reported 28-day count is timelier, but systematically undercounts Covid-19 deaths.fn3




	Method
	Total deaths: 7th March 2020 to 14th May 2021
	Peak daily deaths (date of occurrence)



	PHE 28-day (date of death)
	127,694
	1,360 (19th January 2020)



	Death registrations (date of death)
	153,162
	1,477 (19th January 2020)



	Excess deaths over five-year average
	114,113
	





Table 11–1

Total and peak deaths in the UK up to 14 May 2021, according to alternative methods of counting Covid-19 deaths. These provisional figures may be revised.


Finally, the lowest total comes from excess deaths, where Covid-19 deaths may be partially countered by other deaths prevented by the measures taken.fn4

The apparently simple task of counting Covid-19 deaths is far from easy, with no ‘true’ answer. Nevertheless, however we do the counting, there is no doubt the UK has done badly.




CHAPTER 12 How lethal is SARS-CoV-2?

What are the risks of dying with Covid-19? This is an ambiguous question. We’ve already seen the problems of defining a ‘death with Covid-19’, but we must also carefully distinguish:


	The risk of both catching and dying with Covid-19, among people who do not currently have it. This is the population fatality rate (PFR), which will vary according to how much people have been exposed to the virus, and so depend on someone’s environment and behaviour as well as how much virus there is around. It will also depend on …

	The risks of dying with Covid-19, among people who get infected. This is the infection fatality rate (IFR), which will vary according to someone’s intrinsic vulnerability.fn1



These two measures are easily confused. As we shall see in Chapter 13, the ONS found, after adjusting for some contextual factors, that Black, Asian and minority ethnic groups were about twice as likely as people of white ethnicity to both catch the virus and die. But this was reported as meaning that these ethnic groups were ‘90% more likely to die, if they became seriously ill with Covid-19’. That was not the analytical claim and could be misleading – as we saw in Chapter 9, ethnicity does not affect the chances of surviving critical care for Covid-19.

In this chapter we will look at both types of risk for groups of different age and sex. Personalized risk factors are covered in Chapter 13.

What has been the average risk of catching the virus and subsequently dying?

The population fatality rate is the proportion of the population who die with Covid-19 over a specified period. That can be calculated from registrations of deaths ‘involving Covid-19’ – around 90% of these deaths will be ‘from’ Covid-19. Table 12–1 summarizes the experience of three disparate age groups in England and Wales, showing extraordinary differences in risk.

Out of over 7 million schoolchildren aged between five and 14, 11 died with Covid-19 mentioned on their death certificate over the year (one in 660,000). Over the same period, 469 died from other causes; Covid-19 has been a small additional risk to children, in contrast to seasonal flu, against which a vaccine is routinely offered for all children up to 12 years old.1

At the other end of the scale, out of over 500,000 people aged over 90, nearly 30,000 died with Covid-19 on their death certificate (around six in 100). That is 35,000 times the risk experienced by schoolchildren. In between these extremes, about one in 730 of those aged between 55 and 64 had deaths involving Covid-19.
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	Age Group
	Death involving Covid-19
	2019 Population Estimate
	Covid-19 rate as 1 in x
	Deaths from all causes
	5-year average (2015–19)
	COVID-19 as % of 5-year average



	5–14
	   11
	–7,257,005
	1 in 660,000
	   480
	   557
	2%



	55–64
	 9,849
	7,192,819
	1 in 730
	 52,421
	 41,712
	24%



	90+
	29,368
	  547,789
	1 in 19
	137,806
	114,550
	26%



Table 12–1

Deaths in England and Wales registered in the 52 weeks between 14 March 2020 and 12 March 2021. In this chapter, we often refer to the past averages as the ‘normal’ risk.





For schoolchildren, deaths involving Covid-19 represent a small share of ‘normal’ deaths. For both middle-aged and elderly people, the increased risk was larger and similar; it is as if all older people had their normal risk of death increased by about 25% – in effect they experienced 15 months of risk, rather than a year. This common relative risk will have a much bigger impact on those who were at higher risk in the first place, that is the frail and elderly.

Figure 12–1 shows the population fatality rates in more detail, for both sexes and in five-year age bands. These are compared to the ‘normal’ death rates – the proportion of women and men in England and Wales of each age who do not reach their next birthday. Graph A has a linear scale, but this makes it difficult to see what is going on in the younger age groups. Graph B shows the same numbers on a logarithmic scale, which we introduced in Chapter 1, in which a change from one to 10 is the same size as a change from 10 to 100.

The logarithmic scale not only allows us to see the Covid-19 death rates for younger ages, but also reveals the roughly straight lines of the death rates. On the original scale, this corresponds to an exponential increase of risk with age, which means that each year of extra age increases the risk by the same relative amount – around 12% per year older, meaning that the risk of a death involving Covid-19 doubles for each six years of extra age.fn2
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Figure 12–1

Observed population fatality rates involving Covid-19 by age group for England and Wales registered between 14 March 2020 and 12 March 2021 (authors’ calculations), compared to the average UK annual death rates for 2016–18. Rates under 0.5 are not shown.


The ‘normal’ annual death rates for children start high due to congenital diseases and birth trauma, dropping to a minimum around age nine or 10. Nobody in the history of humanity has been as safe as a contemporary first-world primary schoolchild. There is then a steady increase, apart from the ‘bump’ among those in their late teens and early 20s due to non-natural deaths, including suicides, mainly of young men.

Usually, men have around a 50% higher annual mortality than women of the same age, but Covid-19 punishes men even more than normal life does: there is about 70% additional risk of death involving Covid-19 for men over 40 than for women of the same age, although it is unclear why this is.

For over-45s, the Covid-19 and ‘normal’ mortality lines are roughly parallel. This indicates that the average risk of catching and then dying with the virus in the first year of the pandemic was in proportion to the background risk. As we noted above, for those aged over 45, Covid-19 represented about an extra 25% over the background risk.fn3

What is the average risk of dying, for people who get infected with Covid-19?

This is the infection fatality rate (IFR). The overall global average IFR has been contested, with early estimates ranging from less than 0.1% (one dying in 1,000 people infected), which would make it like seasonal flu, to over 1% (one in 100). Analysis of around 200,000 Covid-19 deaths from the first wave in 10 countries2 showed that the risk varied enormously according to age. The average IFR might be 0.23% in a typical low-income country with a young population, and 1.15% in a typical high-income country such as the UK.fn4 It is far worse than flu.fn5

Figure 12–2 shows deaths per 100,000 people infected for different ages (in circles), compared to the average annual mortality rate from all causes between 2016 and 2018.

The lines are remarkably similar, giving a simple interpretation: on average, being infected with SARS-CoV-2 contributes about a year’s worth of extra lethal risk, thus doubling the risk that people already face of not reaching their next birthday, whatever their age.fn6 This interpretation refers to averages over populations. In Chapter 13 we find other factors influencing individual risk, although there is close agreement between the factors impacting on death from Covid-19 and those for death from other causes.3 The virus seems to pick on and amplify underlying vulnerabilities.
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Figure 12–2

Age-specific mortality rates per 100,000 following infections estimated in October 2020, compared with actuarial proportion of women and men dying each year of any cause (based on 2016–18 England and Wales life tables).


On a more technical point, all quoted risks are the average (mean) for people of those ages. These are not the risks of the ‘average person’, as much of the population’s mortality risk is covered by those who are already ill – the distribution of risk is highly skewed. For most healthy people, the risk of dying from Covid-19 or anything else is much lower than that stated here.

With lower viral prevalence and greater vaccine protection, the future risk of getting Covid-19 and dying should be different from that described in this chapter. The fatality rate of infected people may also reduce over time, with milder forms of the disease and improving treatments.

We can hope that vulnerable people will not be exposed to such high risks again.




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

We have already seen the importance of age and sex in determining the risks from Covid-19, but attention has also focused on factors such as ethnicity, deprivation, occupation and medical conditions. These are often strongly related, and so it is hard to separate their effects. A further challenge is that looking at Covid-19 death rates in different groups does not tell us whether they are at higher risk of infection or have worse outcomes after catching the virus.

How has ethnicity affected the risk of dying from Covid-19?

When we analyse what has happened to people of different ethnicity, we are looking at a complex web of culture, religion, lifestyle, family, housing, employment, health and more. The ONS tried to disentangle some of these influences, which involved complex linking of different datasets, as ethnicity is not mentioned on death certificates.

Figure 13–1 looks at the link between ethnicity and deaths involving Covid-19 during the first wave,1 first adjusting for the different age profile of ethnic groups and then for other factors.

Relative to the white population, age-adjusted death rates were higher for all ethnic groups: the death rate among Black Africans was nearly four times higher for men and three times higher for women. After adjusting for geography, deprivation and pre-existing medical factors, the death rates for most ethnic groups came closer to white people. That suggests increased risks were not genetic, but more associated with living circumstances and factors such as occupation and access to health care.

[image: There are heightened rates of Covid-19 deaths in English ethnic minorities]
Figure 13–1

Rates of death involving Covid-19 by ethnic group and sex, relative to white people, for deaths in England between 2 March 2020 and 28 July 2020. Horizontal bars show 95% confidence intervals around the estimates. ‘Adjusting for’ means attempting to eliminate the impact of place of residence, different levels of deprivation and health status. This will not be perfect.

In the second wave2 the effects arising from Black ethnicity fell, while those linked to Bangladeshi and Pakistani ethnicity rose. It is unclear why.

Could these findings be primarily due to increased risks of infection? Before the vaccination programme, a REACT-2 study3 showed, after adjustment for age, sex and region, that people of Asian ethnicity had a 56% (39%–75%) higher rate of antibodies than those of white ethnicity, while the estimated rate in Black communities was more than double. There are many reasons why some ethnic-minority groups had higher rates of Covid-19 infection, linked to higher rates of at-risk occupations, more deprivation and multi-generational households. In January–March 2019, 24% and 16% people of Bangladeshi and Black African backgrounds respectively lived in overcrowded housing, compared with 2% of those from a white British background.4

An OpenSAFELY study found there were similar ethnic differences both for testing positive and for dying with Covid-19, which ‘suggests that ethnic differences in death might be mediated through exposure or susceptibility to infection, rather than through susceptibility to severe disease once infected’.5 The way in which communities engage with the health-care system is also likely to play a role.

How have occupations affected Covid-19 risks?

Certain public-facing jobs have greater exposure to infection, which can feed into death rates. Figure 13–2 shows an ONS analysis covering 2020, demonstrating substantial differences between occupations.6 Similarly to normal life, professionals have much lower mortality risk and manual workers higher risk, although these official occupational groupings are far from homogenous.

The ONS also gives more granular occupational groups. Some stand out and can be compared with the broad groupings in Figure 13–2: of men, 82 chefs died (age-standardized mortality of 103 per 100,000), 209 taxi and cab drivers and chauffeurs (101 per 100,000), and 83 bus and coach drivers (70 per 100,000).

Among social-care workers there were 469 deaths involving Covid-19: around twice the population average for both men and women. The pattern differed for health-care workers: men had a higher mortality rate than average (190 deaths – 45 per 100,000), while that of women was similar to the population average.
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Figure 13–2

Male and female age-standardized mortality rates for Covid-19 (with 95% uncertainty intervals), for people aged 20 and 64. Data for England and Wales, between 9 March and 28 December 2020, compared to the national average for men and women. The official major occupational groups are shown: ‘elementary occupations’ means simple routine tasks not requiring educational qualifications.



Attention has focused on risks to schoolteachers. Fifty-two secondary-school teachers died with Covid-19 up to December 2020 (men 39 per 100,000; women 21 per 100,000), and comparison with Figure 13–2 reveals that these rates are around double those in other professional occupations, although the absolute numbers preclude accurate estimation. The figures are an average across nine months, when school closures will have influenced exposure to the virus.

Just as the relationship between Covid-19 risk and age mirrored that in normal life (Chapter 12), these patterns broadly reflect the pre-Covid-19 major differences in age-standardized death rates from all causes, except for some specific public-facing groups which were more exposed to the virus.

What medical conditions increase risks from Covid-19?

Back in March 2020,7 over 2 million people in the UK were labelled as clinically extremely vulnerable and told to shield, with specific groups being selected according to what was known at the time. High mortality in the first wave means we now have a better idea of who has been at most risk of dying from the virus.

Figure 13–3 shows an analysis by the OpenSAFELY team of factors associated with nearly 11,000 deaths with Covid-19 in the first wave, based on over 17 million medical records from GPs.8 The influence of occupation cannot be assessed in this model as it is not included in the medical records.

The first impression is the huge effect of age. As we saw in Chapter 12, each 10-year increase more than doubles the risk; this virus, just like normal life, persecutes older people. The overall effect of non-white ethnicity, after adjusting for age and medical conditions, is less than that of being 10 years older.fn1
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Figure 13–3

The relative risk of both catching and dying from the virus associated with a range of clinical factors,fn2 for English patients between February and May 2020. These are adjusted for all the other factors, attempting to estimate the size of the association while keeping everything else fixed.



Figure 13–3 allows us to see roughly how medical conditions might translate to additional years of ‘effective age’. For example, an organ transplant roughly multiplies the risk by four, equivalent to being around 15 years older. The ALAMA system uses this idea by translating all medical conditions into their effect on your ‘Covid-19 age’, and their detailed tables permit a refined estimate of individual vulnerability.9 This has been useful for occupational health advice.

Most medical risk factors, while important, are of limited impact compared with older age. We shall see in Chapter 24 how this affected the choice of vaccination priorities.

How did data influence shielding?

Data collected in the first wave allowed a reappraisal of the initial shielding recommendations. QCovid,10 a system based on 6 million GP records, provided an estimate of personalized risk in the first wave, and its first results led, for example, to Down’s syndrome being added to the clinically vulnerable list. In February 2021,11 the shielded list was further supplemented with those QCovid considered higher-risk.fn312 Nobody was removed from the shielding list, even if they did not meet these criteria; perhaps it was felt that people might have found it hard to accept they had been shielding for nearly a year when their risk was not considered high.

We saw in Chapter 12 how Covid-19 multiplied the average risks people of different ages faced in pre-Covid-19 times. Further analysis has confirmed this idea at a more personal level:13 the factors that were linked to Covid-19 deaths were broadly the same as those for non-Covid-19 deaths, although older age, male sex, deprivation and obesity had a stronger link with Covid-19 mortality.fn4

The recurrent picture is that Covid-19 multiplies any pre-existing risk by roughly the same amount for everyone. This common relative risk has little impact on healthy younger people, but has a major impact on the older and more vulnerable.

This virus is a bully.




CHAPTER 14 How do we compare countries?

There have been many claims about why some countries have fared better or worse than others. Such comparisons are fraught with challenges, as countries have different population structures, health policies, climate, social administrations and cultures. Countries also count things differently: some include ‘probable’ Covid-19 deaths; others only report lab-confirmed figures, or confirmed deaths within hospitals, or within time limits. Creating macabre league tables is over-precise; this is not the Eurovision Song Contest.

One solution is to ignore what countries call a ‘Covid-19 death’ and instead look at all-cause mortality. Such comparisons can only be made among countries that maintain accurate death registrations, which is not always the case. We can then calculate excess deaths1 over a baseline value chosen to represent a ‘normal’ number of deaths. Excess mortality can help try to answer the crucial, counterfactual question: how does the number of deaths during the Covid-19 pandemic differ to what might have happened anyway? Statisticians also try to calculate those figures in a consistent way across countries.

Excess mortality can be hard to interpret. Changes in deaths might be due to the virus, or critical care being overwhelmed, or disruption to health services, or the impact of anti-virus measures.2 All of these get combined into an overall count.

What ‘baseline’ should we use?

There is no ‘correct’ way of calculating excess deaths. As we saw in Chapter 11, regular reporting of death registrations for England and Wales compares deaths in the latest week to the average number of deaths over the previous five years. Other agencies use baselines accounting for trends3 or ‘normal’ winters,4 but reach similar conclusions.

There is a wide variety of reporting practices for Covid-19 deaths in different jurisdictions in the US, and so the analysis of excess deaths by the Centers for Disease Control and Prevention (CDC) becomes even more important. This is shown in Figure 14–1.

Figure 14–1 shows that excess mortality in the US peaked in April and December 2020, with a smaller peak in July–August. It never dropped to ‘normal’ in the summer, as occurred in the UK, but did so by March 2021. For 2020, the CDC estimated 457,000–531,000 excess deaths, compared to around 352,000 reported Covid-19 deaths.

How should we compare deaths from all causes between countries?

Comparing total number of excess deaths would unfairly penalize larger countries. A better way is to look at the increase in excess deaths relative to the baseline, where for example an increase of 100% represents a doubling.

Table 14–1 shows an analysis by Ariel Karlinsky and Dmitry Kobak comparing excess deaths versus modelled expected deaths.6 Their analysis found that the pandemic exacted a high toll, with some countries apparently substantially under-reporting Covid-19 deaths, and Peru more than doubling its usual mortality rate.fn1 In contrast, New Zealand showed a deficit in deaths, largely due to a reduction in flu during the winter.
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Figure 14–1

Weekly all-cause mortality in the US in 2020, compared to average and range over previous five years; as there is a lag between death and reporting, the CDC produces a ‘predicted’ time series.5
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	Country
	Data up to
	Reported Covid-19 deaths
	Estimated excess deaths
	Ratio of excess to reported Covid-19 deaths
	Excess per 100,000 population
	Excess relative change over baseline



	Bolivia
	31 January 2021
	10,000
	29,000
	2.8
	260
	55%



	Ecuador
	28 March 
2021
	17,000
	48,000
	2.9
	280
	62%



	Mexico
	14 February 2021
	170,000
	400,000
	2.3
	320
	52%



	New Zealand
	14 March 
2021
	  – 26
	 –1,900
	
	–40
	–6%



	Peru
	4 April 
2021
	53,000
	140,000
	2.7
	450
	114%



	Russia
	28 February 2021
	85,000
	440,000
	5.2
	300
	25%



	United Kingdom
	14 March 
2021
	130,000
	120,000
	1.0
	180
	20%



	United States
	21 February 2021
	500,000
	580,000
	1.2
	180
	20%



Table 14–1

For selected countries, rounded numbers of reported Covid-19 deaths and excess mortality, the ratio, excess deaths per 100,000 people and the relative change. The values are rounded, so the relationship between columns is not exact.





Many reports also look at deaths per million people, but this does not allow for different age structures.7 In Italy, about 23% of the population are above 65 years of age, compared to 18% in the UK and 14% in Ireland, and so a virus attacking older people would result in more deaths in Italy than in Ireland, even with the same ‘performance’. This leads naturally to using an age-standardized mortality rate, in which the mortality rates in each age group are weighted according to a standard population.8

Figure 14–2 shows an analysis of age-standardized mortality in 2020,fn2 weighted to a ‘2013 European Standard Population’ (which has 19.5% of the population over 65),9 and expressed as a relative increase on the average over the past five years. Among 25 European countries, Spain had the highest peak in its relative age-standardized mortality rate, at 143% in the week from 28 March to 3 April 2020. That means mortality rates were nearly two and half times higher than the five-year average.
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Figure 14–2

Age-standardized excess deaths as a percentage of five-year average in 2020. The ONS analysis uses the Eurostat database, from the week ending 3 January (week 1 of 2020) to the week ending 18 December (week 51).10



While the peak was higher in Spain, the UK had a longer span of excess mortality. By the week ending 26 June 2020, England had the highest cumulative increase in age-standardized death rates of the analysed countries. The relative increase in England was 7.5%, higher than those of Spain (5.9%), Scotland (5.3%) and Belgium (3.5%). This is a league table no one wants to head.

Why was mortality in England so high in the first wave?

The ONS analysis of small regions in Western European countries suggests a reason for England’s poor outcomes. Excess mortality was more localized in countries such as Spain and Italy; among the studied areas, the highest peak of relative age-standardized mortality was Bergamo in Italy, suffering an extraordinary increase in its age-standardized rate of 842% in the week ending 20 March. The ten highest local areas in Europe were in central Spain and northern Italy, although Figure 14–3 shows that many major European cities had similar relative excess mortality.
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Figure 14–3

Relative age-standardized mortality rates (% increase) in major European cities in 2020, from week ending 3 January (week 1 of 2020) to week ending 18 December (week 51).



In contrast to these concentrated outbreaks, we saw in Chapter 2 how the virus was simultaneously introduced right across the UK. Excess deaths were therefore widespread: in the week ending 17 April 2020, of the 179 local authority areas in England 123 had a relative increase of 60% or more.

By the end of 2020, England’s position in the ‘league table’ had dropped. Figure 14–2 shows that many eastern European countries suffered a harsh winter wave, Poland having the largest increase of the countries studied (12%). Countries such as India, which appeared to fare well initially, have since seen a surge in cases and deaths, and the picture continues to change.

In May 2020, DS wrote an article saying it would take years to assess the impact of this virus, and the picture has not changed;11 although we can confidently conclude the UK has not done well, it is still too soon to draw any definitive conclusions.




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

There have been repeated suggestions that the harms of Covid-19 were exaggerated when compared to other threats that people largely accept.

How does Covid-19 compare with influenza?

Covid-19 and influenza are both respiratory diseases, but there are important differences. First, SARS-CoV-2 is more infectious than seasonal flu; we saw in Chapter 3 that the basic reproduction number for the original SARS-CoV-2 virus is around 3,1 and new mutations further raised its ability to spread. By comparison, effective reproduction numbers for seasonal flu are about 1.3,2 although they vary from year to year. In the 1918 Spanish Flu pandemic, R was higher at roughly 1.8 (1.5–2.3), but still well below the novel coronavirus. This explains why distancing and other measures, sufficient to bring R for SARS-CoV-2 to below one, are enough to almost eliminate seasonal flu.3 That contributes to a deficit of deaths when little SARS-CoV-2 circulates.

Second, the novel virus is more deadly. As we saw in Chapter 12, the proportion of all those infected by SARS-CoV-2 who die of the disease is estimated to have been about 1.1% in a high-income country in the first wave. The WHO states that the fatality rate of standard flu is ‘usually well below 0.1%’,4 about a tenth as lethal as SARS-CoV-2.

This results in Covid-19 having greater mortal impact than seasonal flu. Flu-attributable deaths average around 10,000 each year in England,5 but with large variation: only 4,000 in the winter of 2018–19, but over 22,000 in the preceding bad winter. These are modelled figures based on what we would expect given seasonal temperatures; on average, only about 750 death certificates a year put flu as the underlying cause of mortality between 2015 and 2019.6

In contrast,7 there were about 129,000 registered deaths in England involving Covid-19 in the year from the start of the pandemic,fn1 90% of which had Covid-19 as the underlying cause.8

There is more to learn about the novel coronavirus, but it is worse than seasonal flu.

What about accidents?

Out of around 530,800 deaths registered in England and Wales in 2019, over 22,000 were ‘non-natural’: these included road accidents (1,502), drownings (175), accidental poisonings (3,795), suffocation (543) and a large number of falls (6,217). There were also suicides and suspected suicides (5,697) and homicides (701).9 Life is not safe.

Since the death rates from Covid-19 change so much by age, we should compare risks for different age groups. Figure 15–1 shows that Covid-19 risks for younger people in the first wave were less than the ones they usually face from accidents. For each age group under 30, fewer died with Covid-19 than on average die from road accidents each year, while for each age group under 40 fewer died with Covid-19 than on average died from all accidents and injuries. Older age groups fared far worse with Covid-19.
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Figure 15–1

Estimated deaths in England and Wales from injuries and accidents, road incidents (average for 2015–19) and Covid-19 (up to 12 March 2021).



How did deaths in 2020 compare with other years in the past?

There have been claims that the first year of Covid-19 was not particularly lethal compared to past years. Figure 15–2 (A) shows total numbers of deaths registered in England and Wales each year since 1900,10 and we can immediately see that there are only two years when that count exceeded 600,000. These are 1918, when the Spanish Flu epidemic started, and 2020.fn2

The population has grown over the last 120 years, and in Figure 15–2 (B), we see the crude mortality rate: the number of registered deaths for every 100,000 people. As public health and treatments have improved, the rate has steadily decreased.

There was a noticeable spike in 2020, back to a level not seen since 2003. The increase from the past five-year average (in 2015–19) to 2020 is the largest since 1941, when Blitz casualties mounted. After 1900, the largest increase in crude mortality from its past five-year average was in 1918.
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Figure 15–2

Graph A shows a simple count of the number of death registrations in England. Graph B shows the crude mortality rate per 100,000 people (adjusted for the size of the population), and the age-standardized mortality rate (adjusted both for the size and age structure of the population).



But the crude calculation does not account for how populations have got older, so Figure 15–2 (B) also shows the annual age-standardized mortality rates since 1942,fn3 from which we can see that 2020 is not historically high. In fact, all years before 2009 had higher rates. This graph also reveals the astonishing halving of age-standardized death rates over the previous decades; life expectancy in England rose from 69 in 1950 to 81 in 2019.11

Does this mean the impact of Covid-19 has been exaggerated? In the grand march of progress, 2020 may later be seen as a blip. But that is not how events should be judged – they should be compared with contemporary expectations of what would have happened without the pandemic. And 2020 saw the biggest rise in age-standardized mortality rates for 70 years, since the major flu epidemic in 1951.

Numbers do not speak for themselves – appropriate context and comparison are essential for understanding whether they are ‘big’ or ‘small’. Put in its proper context, 2020 was an historical outlier.




INTERVENTIONS AND REACTIONS




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

Throughout the pandemic there has been continuing controversy about the effectiveness of measures taken against the virus, with some saying that ‘lockdowns’ have been unnecessary and harmful, and others arguing for more extreme measures that aim to eliminate the virus, claiming that they are linked to better health and economic outcomes.fn11

Throughout this book we emphasize the importance of proper evaluation of interventions, focusing on controlled experiments using randomization; but restrictions have generally not been introduced according to a planned experimental design.fn2 There was a small randomized trial of mask-wearing,2 but it looked at protection of the wearer,3 which is not the primary purpose of masks.fn3 Operating-theatre staff do not wear masks for self-protection; the only person without a mask is the patient.

Laboratory experiments have been valuable in assessing the impact of measures such as improved ventilation, physical distancing and face coverings on the spread of viral particles, but these studies cannot directly measure the impact of the spread through populations. So researchers have simply had to observe what countries did and measure the outcomes. These can seem obvious; just by examining the broad patterns of events in the UK, we can easily see that the lockdowns preceded a reduction in Covid-19 cases and deaths. But we cannot easily judge whether lighter responses would have sufficed and, since interventions tend to be introduced together, it is unclear how to disentangle the multiple effects of social distancing, home working, school closures and so on.

Can we use statistics to estimate the effect of different interventions?

Individual countries took different approaches to handling the pandemic, and so researchers treat those differences as a form of ‘natural experiment’ and try to work out the effects of various measures. The first step is to examine the policies adopted, and fortunately the Oxford COVID-19 Government Response Tracker (OxCGRT)4 team have collected international data and dates on interventions. These can be summarized as a ‘Stringency Index’, on a scale from 0 to 100, displayed in Figure 16–1 for four selected countries.

New Zealand pursued an elimination strategy, with early, extremely stringent measures which were later relaxed, although the spikes in its graph show the government coming down hard on specific outbreaks. Sweden, although short of a full lockdown, kept a near-constant level of more modest restrictions. It is important to note that this index only deals with official policies, and so does not reflect voluntary actions by individuals or how rigorously the population abided by the rules.
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Figure 16–1

Stringency Index for four different countries: a composite measure of nine indicators including school and workplace closures and travel bans, where 100 represents the strictest measures in some part of the country.



In attempts to judge which interventions had substantial effects, numerous teams have tried to relate such data to health outcomes, but this has pushed statistical analysis to its limits. An early analysis found that only the impact of the full lockdown could confidently be estimated,5 but this was strongly criticized.6 A later study concluded that school closures and movement restrictions were effective in reducing transmission but was ambivalent about other measures,7 while another major analysis of 41 countries found that school and university closures and limiting gatherings had the biggest effect,8 and that ‘when these interventions were already in place, issuing a stay-at-home order had only a small additional effect’.

These analyses are all related to the times when orders were issued, but people may have changed their behaviour in anticipation of explicit new rules; Figure 7–1 shows a fall in the UK’s incidence rate before the actual lockdown date in January 2021,9 coinciding with closed schools and changes in work and travel over the Christmas holidays.

Even with a mass of data, sometimes we just cannot find answers to our questions.

Could earlier lockdowns have saved lives?

Early mitigation in a pandemic can save lives. As a simplified example, imagine there are two countries, both with 100 initial cases. The reproduction number is 3, with on average a week between infections; one in 100 infected people later die. Suppose a lockdown reduces the reproduction number to 0.7, meaning infections decline with each ‘generation’ of the virus. If the first country locks down after the fourth generation, the total death toll from 15 generations of infections is 102. If the second country delays a week before lockdown, it is 305 – three times higher. Timing is critical.

Sophisticated models have come to similar conclusions,10 estimating that locking down a week earlier, on 16 March 2020, would have reduced the first-wave death toll from around 37,000 to about 16,000 (8,900–26,800). Another week’s delay would have increased deaths to over 100,000. Their model, however, only considers the two extreme alternatives of either simply giving advice to the public or a full lockdown.

What do the experts say?

Rather than relying on statistical analysis, an alternative approach is to bring experts together and combine informed judgements. The Scientific Advisory Group for Emergencies (SAGE) drew such conclusions in September 2020, summarized in Table 16–1.11




	Intervention
	Impact on transmission
	Confidence



	Stay at home order (lockdown), including school closure (with exceptions)
	Very high
	High



	Short stay-at-home orders (Circuit-breakers)
	Moderate
	High



	Closure of Higher Education
	Moderate
	High



	Reducing household mixing indoors
	Moderate
	Medium



	Closure of bars, pubs, cafes, and restaurants
	Moderate
	Medium



	Mass school closure to prevent community transmission
	Moderate
	Low



	Extend requirement for use of face covering indoors (e.g. shared offices, schools)
	Low–moderate
	



	Impose local travel restrictions (e.g. 5-mile limit for non-essential travel)
	Low–moderate
	Low



	Restrictions on outdoor gatherings, including prohibiting large events
	Low
	High



	Prohibition of visitors to hospitals and care homes
	Low
	High



	Restrict travel between UK nations or between subnational regions
	Low
	Moderate



	Closure of non-essential retail
	Low
	Low–moderate



	Increasing COVID security in workplaces and other settings
	Low
	Low



	Requirement for use of face covering outdoors
	Very low
	High




Table 16–1

Selected elements from the ‘Summary of the effectiveness and harms of different non-pharmaceutical interventions’ by SAGE in September 2020, listed in decreasing impact and ‘confidence’. Their ‘confidence’ is a subjective assessment based on the quality of the underlying evidence and the agreement of the panel. Note that this reflects the understanding after the first wave alone and does not include other impacts, for example economic or social ones.


SAGE ranked a full lockdown as the most effective measure. Unfortunately, it did not consider the additional effects of ‘stay-at-home’ orders, over and above everything else that could be done. Also notable is its lack of confidence in assessing the effect of school closures on transmission, and the low impact on transmission claimed for many of the interventions that we have been faced with. The high-confidence, ‘very low’ impact score given to wearing outdoor face coverings is reflected in this never having been a recommendation in the UK.

What is the effect of international travel and border controls?

Many countries have banned incomers from countries deemed to have high Covid-19 risks,12 and this has had a huge impact on international travel and tourism. The number of visitors to the UK fell by 97% in April 2020,13 compared to the same month in 2019.

The pandemic brought a massive change in foreign travel from the UK. Figure 16–2 first shows the very high levels of travel in normal times – between 5 and 11 million trips a month by UK residents, depending on the time of year – adding up to around 100 million trips a year. Then there was a precipitous plunge, falling by 96% in April–June 2020 compared to the second quarter of 2019.

Did all these travel restrictions have an impact on the spread of the virus? Back in February 2020, SAGE rejected travel restrictions,14 saying that reducing imported infections by 50% would maybe delay the onset of any epidemic in the UK by about five days. In a similar vein, a prominent team later concluded that stringent travel restrictions might have little impact,15 ‘except in countries with low COVID-19 incidence and large numbers of arrivals from other countries, or where epidemics are close to tipping points for exponential growth’. This does seem to have been the situation in the UK in March 2020 when, as we saw in Chapter 2, there was widespread introduction of the virus by European travellers.






[image: Estimated visits by UK residents abroad fell sharply in April 2020]

Figure 16–2

UK residents’ visits abroad by month, June 2017–June 2020.



Attitudes to travel restrictions subsequently changed, and an official study demonstrated the ‘efficacy of travel restriction policy in reducing the onward transmission of imported cases’.16 The traffic-light system of red–amber–green countries was then introduced in May 2021, when the situation was very different to that in 2020, since any deferment in introducing new infections allowed more of the population to be vaccinated. The delay in categorizing India as ‘red’ has therefore proved controversial, as it is likely to have sped up the introduction of the Delta (B.1.617.2) variant.

Does contact-tracing work?

People in contact with an infected person have a higher risk of infection. If contacts are infected, those people become another link in a chain of transmission. Contact-tracing is about breaking that chain by identifying people who have been in contact with an infected person.17

There are two main types of contact-tracing. Backward contact-tracing is when tracers seek to identify the source of infection, which requires considerable resources but has been successful in dealing with the spread of HIV. South Korean officials traced more than 5,000 Covid-19 cases back to meetings of a religious sect, whose leader was later arrested for hindering contact-tracing.18

The UK focused on forward contact-tracing, in which positive cases are interviewed and their recent contacts traced and told to isolate. Table 16–2 features key summaries of the weekly management information published by NHS Test and Trace in England.19

At the peak of the pandemic at the turn of 2020–21, nearly 390,000 people a week were transferred to the system. They identified around 740,000 close contacts, most of whom were asked to self-isolate.fn4 In April 2021, the ONS asked people if they followed self-isolation requirements:20 an estimated four in five (84%) claimed to do so, although to admit otherwise would have been to acknowledge breaking the law.

In England in early 2021, only about one in 10 contacts of a positive case later tested positive (the secondary attack rate).21 So most contacts were likely to be uninfected, but all had to self-isolate, with no ability to escape the order through a negative test. Furthermore, the final row of Table 16–2 shows that the median time between a case showing symptoms and asking their contacts to isolate was more than four days, and rose to around six days in autumn 2020, which could give time for those contacts to spread the virus.

All of which raises the question: what has been the effect of telling millions of people to self-isolate, many more than once? The evidence is scanty. A probabilistic model sought to estimate relative changes in the reproduction number due to testing-related interventions,22 and estimated an 18%–33% reduction in Rt compared to only giving guidance for social distancing and imposing no self-isolation. Almost all the estimated benefit was from requiring those with a positive test to self-isolate, rather than any tracing of contacts.
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	Measure
	Total (28 May 2020 to 5 May 2021)
	Peak weekly value
	Peak week
(start date)



	Number of people transferred to contact tracing system
	3,862,252
	388,150
	31 December 2020



	% people reached and asked to provide details of recent close contacts
	87%
	92%
	18 March 
2021



	Number of people reached and asked to provide details of recent close contacts
	3,345,441
	341,685
	31 December 2020



	% who provided details for one or more close contacts
	78%
	85%
	18 March 
2021



	Number of close contacts identified
	8,264,952
	737,044
	31 December 2020



	% close contacts reached and asked to self-isolate
	82%
	94%
	21 January 2021a



	Number of close contacts reached and asked to self-isolate
	6,801,493
	683,359
	31 December 2020



	Median time in hours from a case first observing symptoms to recent contacts being asked to self-isolate
	102 (weighted average)
	142
	1 October 
2020




	a NHS Test and Trace England report a peak percentage of 93.6% in three consecutive weeks, starting in the week commencing 21 January 2021.




Table 16–2

NHS Test and Trace England statistics for 28 May 2020–5 May 2021, with peak weeks. The total value for median delay between symptomatic cases and self-isolation orders is the authors’ calculation, using a weighted average.





There are digital enhancements to manual contact-tracing methods.23 The NHS COVID-19 app had over 16 million regular users in late 2020, with the aim of notifying people if they had been near others with confirmed infections for at least 15 minutes. An average case ‘pinged’ four contacts, and overall only around 6% of people pinged went on to become cases. Both modelling and analytical approaches to assessing the NHS COVID-19 app suggest a benefit in England and Wales,24 roughly averting one case per person sharing their contacts.

Assessing the effects of individual anti-transmission measures presents a challenging statistical problem. It is not answerable with confidence from available data, and there have only been meagre attempts at systematic evaluation. We can be confident that lockdowns have had an impact, but arguments will continue about whether less restrictive measures could be appropriate in a future pandemic.




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

In early 2020, it would have been unthinkable to most of us that we would soon face a ban on most social contact with friends and family, the cessation of nearly all international travel, the shutting down of workspaces and schools, and so on. People have accepted and supported these measures, and radically altered their behaviour. These dramatic changes may have helped prevent the spread of the virus, but what have been the collateral harms, and possibly the benefits?

We will look at the impact on well-being and mental health and on the economy later, but first let’s consider our non-Covid-19 health.

Have people been going to hospital?

Despite official encouragement to continue to seek medical care, normal health care suffered severe disruption. In Chapter 9 we saw how huge numbers of elective operations were cancelled, and there has also been a sharp reduction in other hospital referrals, possibly due to the reluctance of GPs to refer, anxiety and perceived risks of infection, as well as reduced hospital capacity through reorganization to cope with Covid-19 patients. For example, a study of English hospitals estimated that in March and April 2020 over 7,000 fewer people than the 2019 monthly average were admitted with suspected heart attack or unstable angina.1

The first part of the pandemic produced an unprecedented halving of visits to Accident and Emergency (A&E),2 and even in May 2020 visits were a third below normal. Some changes could be considered positive: there was a sharp 65% drop in injuries, with an even greater fall in minor sporting or playground injuries.

There were reductions in elective cancer diagnoses in April and May 2020,3 for breast (30% below normal), colon (39%), prostate (64%), and cervix (32%). Cancer investigations fell, with colonoscopies and gastroscopies at less than 10% of normal rates, and there were major falls in chemotherapy and radiotherapy. Even in the second wave, there was an 8% drop in the number of people starting cancer treatment in January 2021,4 compared with the same month in 2020. Fortunately, there is no sign yet of excess cancer deaths (at the time of writing in May 2021), although this may only become apparent in subsequent years.5

What has happened to flu?

As we’ve already discussed in Chapter 3 and Chapter 15, the ‘original’ SARS-CoV-2 is far more infectious than seasonal influenza, with a basic reproduction number R0 of around 3, compared to 1.3–1.5 for seasonal flu. If lockdowns and other measures are sufficient to bring R for SARS-CoV-2 down below one, then they should certainly be sufficient to crush flu.

That seems to have happened. Southern Hemisphere countries such as South Africa, Australia and Chile saw historically low levels of flu over their 2020 winter.6 Figure 17–1 reveals that in the winter of 2020–21, there were minimal consultations with GPs for influenza-like symptoms, and hospital admission rates with flu were near zero in England.7
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Figure 17–1

Consultation rates for influenza-like illnesses with GPs in England (graph A). Provisional hospital admission rates (graph B) are from SARI Watch.



Over recent years, seasonal flu is estimated to have killed between 4,000 (2018–19) and 22,000 (2017–18) people. The absence of flu in the winter of 2020–21 saved thousands of lives, and partially explains the below-average non-Covid-19 deaths seen throughout the second wave (Chapter 11).

Have there been fewer road casualties?

Figure 17–2 illustrates what happened when people travelled less; UK road casualties dropped sharply by around 70% in April 2020.8 Japan showed a slightly different pattern: traffic reduced, and accidents went down, but deaths did not reduce by so much – people appeared to take advantage of empty roads to drive faster.9 There is a suggestion that this occurred in the first half of 2020 in the UK, when the proportion of all casualties that were deaths reached a higher level (1.3%) than any in the previous 10 years.

Remember the ‘bump’ in mortality rates between the ages of 15 and 29 shown in Figure 12–2? That has been mitigated during the pandemic. In England and Wales in 2020, there were over 300 fewer death registrations for people in this age group compared with the average over the previous five years.fn1 One putative explanation is reduced accidents and violence, and it means that due to the pandemic there are 300 fewer grieving families. These families do not know who they are, in contrast to the 115 families of those in this age group who died with Covid-19. The pandemic, and the measures taken against it, saved the lives of more young people than it killed.
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Figure 17–2

The Department for Transport reports road casualties by different types of road user, covering both killed and injured, between January and June 2020. Graph A shows overall number of casualties, graph B shows the change from 2019.



Other impacts of reduced human activity are likely to be beneficial. Images showing that ‘nature is healing’ (including false claims about dolphins in Venetian canals)10 spread online. Less transport meant reduced pollution,11 with levels of nitrogen oxide (NOx) falling by around 40% during the second quarter of 2020 compared to the same months in 2019. Lower air pollution is also plausibly helping the bee population.12 Worldwide, it’s estimated that CO2 emissions fell by 7% in 2020, but climate models suggest this will have had negligible effect on climate change.fn213

What has been the effect of school closures?

In an article summarizing the potential harms to nearly 9 million children in the UK who have experienced school closures, researchers wrote: ‘Children have least to gain and most to lose from school closures. This pandemic has seen an unprecedented intergenerational transfer of harm and costs from elderly socioeconomically privileged people to disadvantaged children.’14 Despite the efforts of teachers and parents, there will have been substantial – but so far unquantified – harms to children in terms of their education, mental health and socialization.

Educational disruption can have long-term impacts. The shadow of the pandemic is cast far in the future, and there will be numerous attempts to estimate the impact of the pandemic through statistical analysis.




CHAPTER 18 How has behaviour changed during the pandemic?

A pandemic has an enormous impact on what we do, whether in response to government rules and guidance, because of social awareness and peer pressure, personal feelings of fear or anxiety, or even just being sensible. The way we work, travel, educate our children, meet friends and family or relax have all changed. Less normal activities, such as crime and violence, have also been affected.

Here we look at the data on some of the extraordinary behavioural changes experienced since March 2020.

Have people adhered to the guidelines?

The first instructions in England to stay at home if you had Covid-19 symptoms were on 12 March 2020. Since then, rules and guidelines have come thick and fast, and people largely report having following them. In May 2021, responses to an ONS survey1 indicated in the previous seven days:


	88% had ‘always’ or ‘often’ washed their hands with soap and water after returning home from public places

	97% used a face covering outside their home

	79% maintained distance when meeting up with those outside of their support bubble, either ‘always’ or ‘often’

	83% avoided physical contact outside their home.fn1



Aside from face coverings (estimated to have been used by 28% in May 2020, when people were first advised to wear them), these percentages were high throughout the pandemic. Should we believe the numbers? There are reasons to be doubtful; high proportions may reflect social desirability bias, giving answers that would be viewed favourably by others. There is also recall error: people may not remember each instance of non-compliance.

There seems to have been a lot of curtain-twitching as people watched what their neighbours were up to. Over half (50%–54%) of respondents to the telephone-based Crime Survey for England and Wales had spotted others breaching restrictions,2 although only a small proportion (3%–8%) of these said they reported those breaches to police, as most offences were considered trivial. But put together, this suggests that around one in 20 of the adult population had reported someone else to the police for breaching restrictions.

Overwhelming popular consent meant the rules did not require heavy policing: only 32,329 relevant Fixed Penalty Notices (FPNs) were issued in England and Wales between March and December 2020.3 That including 196 FPNs for holding a gathering of more than 30 people, and 958 for not wearing a face covering. To put this in perspective, about 7,700 FPNs for motor vehicle offences are typically issued every day in England and Wales.4

How has work changed?

Even before the stay-at-home order of 23 March 2020, the Prime Minister’s speech on 16 March included an instruction for ‘people to start working from home where they possibly can’.5 There are many workers who cannot work from home, and the proportion of working adults who did their job at least partly from home hovered around 60% during the peak of the lockdowns, falling to around 40% in the summer of 2020.

Meetings and social events shifted to online tools. Zoom meeting participants increased from 10 million in December 2019 to over 300 million in April 2020.6 Microsoft Teams went from 20 million daily active users in 2019 to 115 million by the fourth quarter of 2020.7 We could not find statistics on how often people were asked to unmute themselves.

Where have people been going?

People were told to travel only if necessary. Rather than directly asking them what they were doing, automatic data was collected from mobile-phone users. Using location data provided by Android phone users who turned on their location history (who may not be representative), Google created a mobility index, shown in Figure 18–1.

Relative to early 2020,9 travel to workplaces more than halved, as people spent more time at home. Parks were, predictably, more popular during the summer. As we saw in Chapter 17, reduction in travel led to falls in road casualties – a collateral benefit of the lockdown.
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Figure 18–1

Changes in Google mobility data between February 2020 and May 2021 (rolling seven-day average). Each weekday has a different baseline value, which is the median value in the five-week period from 3 January to 6 February.8 The residential category measured time spent at home, rather than changes in visitors.



People were told to socially distance, isolate with symptoms and work from home if possible. Nobody told us to change other habits, such as drinking alcohol, but these may also be altered by a pandemic.10

Have people been drinking more, smoking more and exercising less in lockdown?

There are two main ways of investigating drinking habits: ask people how much they are consuming, or measure alcohol purchases.

The Alcovision survey of over 80,000 drinkers found,11 unsurprisingly, that people were drinking at home rather than in pubs during lockdown, but the average number of drinking days did not change. The Alcohol Consumption in England project estimated that the proportion of people reporting high-risk drinking rose substantially during the first wave, but the proportion reporting cutting down on their consumption also went up.12 Lockdown effects, like the effects of the virus, vary hugely. But although there have been changes in patterns of drinking, when we look at paid duty, the provisional total amount of alcohol consumed appeared to remain stable.13

Smoking dropped in 2020 compared to 2019, although this was in line with the existing trend.14 In the Smoking Toolkit Study, more reported they were attempting to quit, rising from around 30% pre-lockdown to nearly 40% by September 2020.

When it comes to getting off the sofa and exercising, the Active Lives survey found lockdowns favoured the sofa.15 During the first wave, around 3 million fewer adults were ‘active’ (doing at least two and a half hours a week of ‘moderate-intensity’ exercise), while the ‘inactive’ number (less than 30 minutes a week) rose by a similar amount.

With restrictions limiting leisure, and greater numbers working at home, exercising outside became more common. In May 2020, 36% of Natural England’s People and Nature survey said they were spending more time outside, and by July 2020 that share rose to 46%.16

Have people turned to illegal drugs?

The European Monitoring Centre for Drugs and Drug Addiction (EMCDDA) has the interesting task of following activity on three popular dark-net drug markets.17 It reported an overall increase in activity related to cannabis use since the beginning of 2020, although there was a decline in demand for party drugs, presumably because of the lack of parties. There was also a decrease in dealers buying high volumes due to resale difficulties, and a corresponding increase in smaller volumes for personal use.

Have people turned to crime?

We must be careful when using police reports of crime. These are notorious for fluctuations depending on how reporting is being done at the time, and indeed were de-designated as ‘official statistics’ in 2014. With these warnings, the ONS reported a sharp drop in police-recorded crimes in April–June 2020,18 from the 2019 level of about 510,000 a month down to around 420,000 (a 19% decrease). However, by September police-recorded crimes were only 4% below their 2019 level.

Figure 18–2 shows the changes in different types of recorded crime in April 2020 compared to 2019 levels. There was a steep drop in sexual offences, robbery (with a threat or actual violence) and theft. Other types of crime fell to a lesser extent, except drug offences which were up 50%. That increase probably reflects heightened police activity rather than greater criminal activity - there was a marked increase in stop and search by the Metropolitan Police during the first lockdown,19 primarily because of suspected drugs misuse, nearly doubling to over 40,000 in May 2020.

What about domestic violence?

Figure 18–2 shows that, by April 2020, violent offences fell by about 10% compared to April 2019. But against this trend, the ONS reported that between March and June 2020 there was a 9% increase in domestic abuse-related offences, compared to the same months a year earlier.20 Such offences have unfortunately seen a steady rise in recent years, so that increase may not be wholly due to the pandemic.

Many victim services have reported increased demand, particularly after restrictions eased and victims presumably felt they could safely seek help after being constrained within their homes. Refuge, the charity which runs the National Domestic Abuse Helpline, reported a 61% increase in calls and contacts between April 2020 and February 2021, compared with the first three months of 2020,21 while there was a sevenfold increase in visits to their website following the #YouAreNotAlone awareness campaign launched in April 2020.22
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Figure 18–2

The numbers of crimes in each category recorded by police in England and Wales at the height of lockdown in April 2020 as a proportion of those in April 2019. These figures exclude Greater Manchester Police.



Restriction to our homes was inevitably accompanied by many alterations in behaviour. Much was in line with expectations, whether a decrease in physical activity or an increase in domestic violence, while Pornhub reported an increase in traffic during the enforced inactivity of the pandemic.23 Some changes, such as greater home working, may be permanent, while others may revert to their normal trends. It is too soon to say.




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

Wars leave scars on a nation: graves, shattered families and broken buildings. Pandemics also cast a grim shadow. Alongside the suffering and death there is disrupted schooling, enforced inactivity, people are cut off from loved ones and businesses stunted. It would be remarkable if mental health and well-being did not suffer.

The ONS Opinions and Lifestyle (OPN) Survey is a weekly survey of over 4,000 adults in Great Britain.fn11 There are four main questions about well-being – satisfaction with life, happiness, life being worthwhile, and anxiety – which are asked using the phrases shown in Figure 19–1, on a scale from 0 (‘not at all’) to 10 (‘completely’).2 Where would you put yourself today?

The baseline figures suggest the British are usually fairly satisfied with life, with well-being ratings above the average for the EU.3 But life satisfaction declined from the start of the pandemic, reaching a low in January 2021. Estimated average happiness was blunted, recovering in the summer, then hitting a nadir in January 2021. The average feeling that things in life are worthwhile oscillated under its February 2020 level, before dropping in January 2021. Reported anxiety attained its zenith in March 2020, when the estimated average score was 5.2. By the end of June 2020, anxiety had dropped down to an average 3.6, close to its February 2020 level. Anxiousness bubbled up again in January 2021, when there were national stay-at-home orders in England and Scotland.
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Figure 19–1

Trends in the estimated mean scores (0–10) for the four well-being questions in the ONS Opinions and Lifestyle Survey for adults between March 2020 and March 2021: life satisfaction, happiness, life being worthwhile and anxiety.



Another wave of the OPN survey found that in July 2019–March 2020, around one in 10 adults (8%–12%) reported moderate to severe depressive symptoms,fn2 but by June 2020 that proportion had nearly doubled to 19% (16%–22%).4 Adults aged under 40, women, people unable to afford unexpected expenses and disabled people were more likely to report depressive-like symptoms.

The OPN survey also showed that the proportion of adults reporting they were ‘often’ or ‘always’ lonely was about 5% in April–May 2020,5 and by winter that increased to around 7%, higher in dense urban areas. Of those who said the pandemic affected their well-being, 39% blamed loneliness, with over three times more young people citing loneliness than older people.

Increased anxiety fed through to calls to mental health charities. As ITV reported in May 2020: ‘The number of calls to the charity SANE’s telephone helpline has increased by 200% since the lockdown began.’6 Unfortunately that headline was misinterpreted, with some social media accounts asserting that the number of people taking their own lives had increased by that much.7

The ONS publishes provisional statistics on registered suicides every three months,8 and death registrations where people have taken their own lives were similar in July–September 2020 compared to previous years, and lower in April to June. However, it’s important to remember that there are often considerable delays if there is an inquest into how a death happened, and the pandemic affected coroner services.

To overcome delays, researchers established a real-time surveillance system of suspected suicides in several parts of England covering about 13 million people.9 Following the lockdown, the monthly average number of suspected suicides fell. There were 125.7 per month in January–March 2020, which went down to 121.3 per month in April–October 2020. A similar pattern of little to no change was seen in other high-income countries.10 In wartime, anxiety rises but suicides do not increase, and may even go down. It is plausible that the same happened in the pandemic.

This has been an incredibly difficult time for many, and some may find it challenging to re-enter society as it returns to some form of normality. There will be an invisible pool of continued ill-health.




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

We’ve looked at statistics about how our behaviour, physical and mental health have been affected by the pandemic. Rather more difficult to measure, but vitally important, is the impact on our feelings, whether about the virus and the interventions taken against it, or about whom we have trusted, or what claims we have believed. Once again, this illustrates the huge variety – both physical and mental – of responses to a novel situation.

How do people vary in the way they perceive the risk from Covid-19?

In the UK, the pandemic came, withered in the summer of 2020, and then returned with a vengeance. A study revealed that public perception of Covid-19 risks followed a similar pattern: falling after the first wave, and then rising as the second wave took hold.1 The researchers found that the five strongest predictors of perceiving higher risk from Covid-19 were:


	a ‘communitarian world view’: belief in the importance of society, rather than individualism

	‘personal efficacy’: what you do makes a difference

	‘pro-sociality’: doing things for the good of society

	trusting in science

	being female



with, of course, their opposites linked to perceiving lower risk from Covid-19. All these variables were more important than personal experience or political affiliation, and may impact on people’s relationships with family, friends and acquaintances, and their varying attitudes about whether there has been too much or too little fuss made about the virus.

How do people feel about lockdown and mask-wearing?

There has been extraordinarily widespread support for the anti-virus measures. In April 2021, the ONS estimated that 83% (81%–85%) strongly supported or tended to support lockdown measures where they lived.2 Only 2% strongly opposed. An Ipsos MORI poll in January 2021 found that nearly half believed the measures were not strict enough – and only 9% thought they were too strict.3

The Ipsos MORI survey found that, if confirmed cases rose, about three-quarters (76%) strongly supported or tended to support compulsory mask-wearing at work. Around 61% felt mask-wearing should always be mandatory outdoors, despite little evidence that it would slow transmission. There was notable support for even stronger restrictions if the pandemic got worse: about 34% endorsed the idea that people should only be allowed out with an official pass.

Who is trusted?

Scientists played a prominent role throughout the pandemic. Trust in scientists has always been high in the UK, just below that for doctors and nurses, and this trust held up well in 2020 with 60% of respondents considering scientists trustworthy, and only 12% untrustworthy.4 These figures were slightly less favourable for scientists advising the government, at 55% versus 15% respectively.

In contrast, trust in the UK government fell from 65% of respondents being ‘very or somewhat confident’ in their handling of a pandemic in February 2020 down to 37% in January 2021.5 There may be some restoration in confidence as restrictions unwind and vaccines roll.

Do people believe misinformation about Covid-19?

There is a lot of dubious information online, much going beyond reasonable scepticism into misinformation. An analysis back in March 2020 found that of the top Covid-19-related videos on YouTube, over a quarter contained misleading information and those had over 62 million views worldwide.6 This could be important: a randomized experiment found that exposure to misinformation about vaccines led to an estimated six-point reduction in intention to get vaccinated.7 The WHO runs a ‘Mythbusters’ page containing counter-arguments to Covid-19 misinformation, ranging from the dangers of injecting bleach to the lack of benefit of eating garlic to ward off the virus.8

In this book we have tried to deal with some misleading claims, but how much support have these had? A multi-country online survey (conducted by DS’s colleagues)fn1 asked people how reliable they considered the six claims in Table 20–1, which shows the proportion in the UK thinking each claim was more reliable than not.9





	Claim
	% rating the claim more reliable than not



	The coronavirus was bioengineered in a military lab in Wuhan.
	25%



	Being able to hold your breath for 10 seconds or more without coughing or discomfort is a good self-check test for whether you have the coronavirus
	17%



	The coronavirus is part of a global effort to enforce mandatory vaccination.
	15%



	Gargling salt water or lemon juice reduces the risk of infection from Coronavirus
	11%



	The new 5G network may be making us more susceptible to the virus
	9%



	Breathing in hot air through your mouth and nose (e.g. from a hair dryer) kills the coronavirus as it can only live in cool places.
	7%



Table 20–1

Proportion of 2,200 UK respondents rating each claim as more reliable than not (rating 5,6 or 7 on a scale running from ‘1: very unreliable’ to ‘7: very reliable’).

The suggestion that the virus was bioengineered in Wuhan was thought more reliable than not by a quarter of respondents.fn2 The idea that 5G networks made us more susceptible to the virus was supported by about 9%; these figures were higher in Spain and Mexico.

The researchers found that those who believed these claims tended to self-report less compliance with Covid-19 guidance, and increased hesitancy about then-hypothetical vaccines. The most important factors linked to ‘resilience’ to such claims were higher trust in scientists and, interestingly, higher numeracy skills.

We cannot confidently conclude that the observed link between numeracy and resilience to misinformation is causal. But it encourages the idea that greater ‘data literacy’ could bring critical awareness of the dubious claims in circulation.




CHAPTER 21 What has been the effect on the economy?

The year since the start of the pandemic was like no other. Governments enforced rules limiting physical contact, people worked from home, pubs and shops closed and jobs were lost, and, rather than going out and spending money, people sat at home and watched Netflix. All these changes had dramatic effects on economic measures.

How did the pandemic affect employment?

In his address on 16 March 2020, the Prime Minister told everyone to avoid ‘pubs, clubs, theatres and other social venues’.1 This was detrimental if you worked in those sectors, while the stay-at-home order a week later resulted in most shops closing. New rules meant that some jobs could not continue, but British companies could claim wages from the UK government through the ‘furlough’ scheme.2 From a statistical perspective, that meant people technically remained employed under the International Labour Organization definition.

Figure 21–1 shows the pandemic reversing recent positive trends in different employment metrics, returning to the levels of around 2017. Future trends, particularly after the end of the furlough scheme, are very uncertain.






[image: There was an estimated quarterly decrease in the unemployment rate, while the economic]

Figure 21–1

‘Unemployment’ counts people who were actively seeking work in the last four weeks and can start work in the next two weeks. ‘Economically inactive’ means people who are neither employed nor unemployed. The unemployment rate is the proportion of economically active people who are unemployed. All clear?



The estimated redundancy rate shot up, from about four in 1,000 employees in the quarter before the pandemic to over 12 in 1,000 in the final quarter of 2020. That was higher than in the 2008–09 financial crisis.

Even if counted as employed, furloughed people were not at work and so there were drastic impacts on total hours worked, as recorded in the Labour Force Survey.3 Figure 21–2 shows that in early 2020, all employed people in the UK worked an estimated total of 1,050 million hours each week, but by April–June 2020 that fell to about 840 million hours each week. At the end of 2020, the number of hours worked had only partially recovered.

How was gross domestic product affected?

A nation’s gross domestic product (GDP) is a key economic indicator. By April–June 2020, the British economy had shrunk by over one-fifth, compared to its level in the fourth quarter of 2019.4 But this pain was not uniform across industries.

The UK has a services-led economy, and Figure 21–3 shows how these were variously affected by the pandemic. Accommodation and food services were the hardest hit in the second quarter, shrinking to 15% of the 2019 Q4 level.
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Figure 21–2

UK estimated total actual weekly hours worked (all people aged 16 and over). In millions, seasonally adjusted.








[image: Services grew by a revised 17% in Q3 2020, but remained 9% under the Q4 2019 level]

Figure 21–3

UK services gross domestic product index Q3 2020 (April–June) and Q4 2020 (July–September) compared to Q4 2019 (vertical dashed line).



By the third quarter of 2020, there had been some recovery. Quarterly GDP growth was an estimated 16%. That is the largest single quarter of growth since quarterly records began in 1955. Despite the intrepid bounceback, the economy was still smaller than in the last quarter of 2019.

The UK reported the second-largest impact from the pandemic among the G7 countries, second only to Spain. However, national statistics institutes differ in the way they calculate GDP;5 in particular, the ONS uses more volume of activity indicators (such as the number of operations in hospitals, which were hit hard by the pandemic) than others do. Using ‘nominal’ GDP, expressed in terms of value of activity, the UK’s reduction is broadly comparable to those of other G7 countries.6

Due to fewer receipts and more claimants, government spending grew. In March 2021, UK public-sector net debt (excluding public-sector banks) stood at 98% of the nation’s GDP, compared to 63% in 2010 and 31% in 2000.7

How did the pandemic change our spending?

The Covid-19 pandemic has accelerated trends in how we shop. The ONS reported a large fall in retail sales in March and April 2020, coinciding with the national stay-at-home order.8 Rather predictably, digital retail sales grew, as shown in Figure 21–4.9 Prior to 2020, it took seven years for the proportion of online sales to grow by 10 percentage points, and then in one year the digital share increased by 16 points. Amazon made US$8 billion profit in the first three months of 2021, more than double the previous year.10

This major acceleration in digital migration included a rapid rise for stores which mostly sell food,11 most likely due to concerns about visiting supermarkets, for which the digital share increased from 5% in January 2020 to 12% a year later.
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Figure 21–4

Estimated Internet share of sales value (all retail excluding auto fuel, seasonally adjusted) in Great Britain (%), for January 2008 to March 2021.



Another component of this shift was in entertainment. With cinemas and other places closed, people turned to streaming services and computer games. Major films went directly on to these services without a cinema release. According to a Netflix letter to shareholders, the company acquired a net 36.6 million subscribers, representing an increase of 22% over its 2019 Q4 base.12 Despite only launching in November 2019, Disney+ had amassed almost 95 million paid subscribers by 2 January 2021.13 In the 2020–21 financial year, Nintendo sold 28.8 million Switch consoles, 37% more than the previous year.14 This all meant a lot more time on the sofa.

As we climb out of the pandemic, economies should continue to improve. It is too soon to see the big picture, but there are likely to be permanent changes in how we work and shop. Young people, who have sacrificed so much while being at low risk themselves, face an even more uncertain future than they did before this virus came along.




VACCINES




CHAPTER 22 How effective are the vaccines?

Vaccines work by training the body’s own immune system to fight off the virus if it encounters it later; this training takes at least seven and sometimes 14 days. Right from the start of the pandemic, there had been hope of vaccines coming to rescue us from new waves. In an astonishing story of massively funded international scientific innovation, many vaccines were developed, tested and administered, and formed new topics of conversation – ‘Which one did you get?’.1

The discussion of vaccines has been awash with numbers, with intense interest in how effective they are, how safe they are, who should get them first and what the gap should be between doses. Different countries have taken distinct approaches to procurement and roll-out. The UK Vaccine Task Force negotiated a beneficial contract with AstraZeneca to manufacture the vaccine first produced in Oxford, as well as ordering large numbers of other vaccines. All this had to be done before it was clear which vaccine candidates would be effective – a common practice being to ‘de-risk’ the pharmaceutical industry in order to massively accelerate development.

Late in 2020, the first reports started appearing with the trial findings of different vaccines against Covid-19, such as ‘Moderna: Covid vaccine shows nearly 95% protection’.2 What does that mean?

What is the ‘efficacy’ of the vaccines in clinical trials?

The crucial step for regulating new interventions are ‘Phase III’ clinical studies.3 Volunteers are randomly allocated to receive either the vaccine or a control injection (a saline placebo or a different vaccine). Researchers follow the volunteers and check how many develop the disease and other important outcomes. We saw in Chapter 10 how such randomized controlled trials are the gold standard for assessing treatments, but vaccine trials have some special characteristics since, even in large trials, severe events like hospitalization are too rare to precisely estimate protection.4 This means that trials measure, for example, the ability of the vaccine to reduce symptomatic disease at least seven days after the second dose, whereas this is not really the main outcome of practical interest.

Neither health-care staff nor the volunteers should know whether the jab is active or the control – volunteers may change their behaviours if they know which they got. Due to random assignment, researchers can then claim that observed differences – beyond those explicable by twists of chance – are due to the vaccine.

Vaccine efficacy is the relative change in having a disease in the vaccinated group,5 compared against people without the vaccination in the same trial. Table 22–1 shows the calculation from the first Pfizer-BioNTech clinical trial.6

There are 170 Covid-19 cases: eight (0.043% of 18,198) are in the vaccine group, and 162 (0.884% of 18,325) in the placebo group. The relative reduction from 0.884% to 0.043% is the claimed 95%. That is the central estimate of vaccine efficacy, with a credible interval of 90% to 98%, the width of which is determined by the (rather small) number of cases rather than the number of participants.




	
	Pfizer-BioNTech
	Placebo injection
	Efficacy (95% uncertainty interval)



	Number in each group
	18,198
	18,325
	



	Number of cases of Covid-19 at least 7 days after 2nd dose
	8
	162
	



	Proportion getting the disease
	0.043%
	0.884%
	95% (90% to 98%)





Table 22–1

Main results from randomized controlled trial of Pfizer-BioNTech vaccine; vaccine efficacy is estimated by 1 – 0.043/0.884 = 0.95.


High efficacy becomes plain in the ‘cumulative incidence’ graph of new cases shown in Figure 22–1. The two groups have a similar rise in cases in the opening days, and then after around 10 days there are only a few further cases among vaccinated volunteers, while non-vaccinated cases continue to climb. As Randall Monroe (xkcd) said: ‘Always try to get data that’s good enough you don’t need to do statistics on it.’7

Headline trial results for symptomatic disease are shown in Table 22–2 – other vaccine candidates, for example from Sanofi, have not yet reached Phase III trials. There are common claims that the vaccine trials demonstrated ‘100% efficacy’ against severe outcomes, such as hospitalization.16 That means no events occurred in the vaccinated group, but it is not a reliable estimate: in the Moderna trial, there were no Covid-19 deaths in the vaccinated group, but this was versus only one in the control group.

Table 22–2 should not be used to make simplistic comparisons, as these trials were carried out at different times, with different populations, designs and outcome measures. The vaccines also have different costs, storage demands and safety profiles, as we shall see in Chapter 23.
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Figure 22–1

The cumulative incidence (%) of Covid-19 cases, from the day of the first dose in the Pfizer–BioNTech phase III trial, showing the deviation between the vaccinated and placebo groups after 10 days.
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	Vaccine
	Type*
	Population
	Estimated efficacy
	95% interval



	Pfizer–BioNTech BNT162b2
	mRNA
	Mainly US
	95%
	90% to 98%



	Oxford–AstraZeneca
ChAdOx1
	Viral vector
	US
	76%
	68% to 82%



	Moderna mRNA-1273
	mRNA
	US
	94%
	89% to 97%



	Sputnik V Gam-COVID-Vac
	Viral vector
	Russia
	92%
	86% to 95%



	Novavax
NVX-CoV2373
	Protein
	UK
	90%
	80% to 95%



	Johnson & Johnson
JNJ-78436735
	Viral vector
(single-dose)
	US, South Africa, Latin America
	66%
	60% to 72%



	Sinovac
Coronavac
	Inactivated virus
	Brazil and Turkey
	51%
	36% to 62%




	* mRNA means ‘messenger RNA’. Once these instructions are inside cells, cells use them to make the protein piece. The cells then display that piece on their surface and the body recognises it as foreign, which stimulates an immune response. Cells break down the mRNA after using its instructions. Viral vector vaccines use an edited version of a different and harmless virus. Those vectors enter a cell, causing it to produce the spike protein. In turn, our body recognises that the spike protein should not be there and develops antibodies to fight it. Protein subunit vaccines include harmless pieces of the virus to induce an immune response. Inactivated virus vaccine use viruses with destroyed genetic material (through heat, chemicals or radiation). These inactivated viruses cannot replicate, but still trigger an immune response.




Table 22–2

Summary of estimates of efficacy against symptomatic disease from clinical trials, in order of release.8, 9, 10, 11, 12,13,14,15 Efficacy applies to variants circulating at the time of each trial, mainly ‘wild-type’.


How effective are the vaccines in normal use?

Despite their confusing similarity, vaccine effectiveness is a different concept to efficacy. Researchers estimate efficacy in tightly controlled trials, which can exclude people like children, pregnant women, or those with compromised immune systems.17 In contrast, vaccine effectiveness is about routine performance in the real world, where storage and administration may also matter.

In Chapter 10, we saw that ‘real-world’ data could suggest that a Covid-19 treatment was beneficial, but then be contradicted when tested in clinical trials. The order is different for vaccines: trials come first, and only after roll-out programmes start can we estimate how much vaccines reduce severe outcomes in practice.

But, as with observational data for treatments, we cannot just compare people who got a vaccine versus those who did not. These groups differ: roll-outs may prioritize older and more vulnerable people, and hesitant people may be at higher risk. People who are ill may not get the vaccine. So effectiveness studies adopt a range of designs and techniques to attempt fair comparisons.

An early prospective cohort study18 followed the entire adult population of Scotland,19 checking when people had a hospital admission with Covid-19. The analysis compared 1.3 million people with at least one dose of a vaccine to 3.1 million non-vaccinated people. The analysis tried to take possible confounding factors into account, including age, sex, deprivation and other medical conditions.

Figure 22–2 reveals that the effectiveness for preventing hospitalization with Covid-19 peaked four weeks after the first dose, at 91% (uncertainty interval 85%–94%) for Pfizer-BioNTech and 88% (75%–94%) for Oxford-AstraZeneca. It might look like the Pfizer vaccine was better, but the intervals show that would be unjustified. For the Oxford-AstraZeneca vaccine, effectiveness for over-80s was 81% (60%–91%). President Macron’s claim about quasi-ineffectiveness (quasi inefficace) in older people was shown to be wrong.

Other designs include a matched-control study in Israel,20 in which each person who had received the Pfizer-BioNTech vaccination was ‘twinned’ with a non-vaccinated control of the same age, sex, geography and other factors; their effectiveness estimates were similar to those above.

Reducing hospital admissions is important, but vaccines need also to protect against infection and transmission. A study of over 370,000 participants in the ONS Covid-19 Infection Survey showed that infections were reduced by 65% (60%–70%) after a single vaccination,21 with one dose affording similar protection to a prior infection. The two vaccines (Pfizer-BioNTech and Oxford-AstraZeneca) had comparable effects. Protection against severe infection was even greater, as defined by lower cycle threshold values and symptoms.

Vaccination can reduce transmission in two ways. First, by preventing people from getting infected in the first place. Second, if vaccinated people tend to develop a weaker form of infection, then they might be less likely to transmit the virus. A study by Public Health England of over 500,000 households showed that the chance of an infected person passing the virus to someone else in their household was reduced by nearly half if that infected person was vaccinated.22
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Figure 22–2

Vaccine effectiveness (for Pfizer–BioNTech and Oxford–AstraZeneca combined) for reducing hospitalization for different periods after a single vaccination, and for different age groups.



These were encouraging results, particularly given the then dominance of the Alpha (B.1.1.7) variant in England. Even though these are observational studies, without the same reliability as clinical trials, they do indicate that vaccines reduce both viral transmission and severity, lowering cases and deaths.

What about new variants?

At the time of writing (May 2021), there was considerable uncertainty about the effectiveness of the vaccines against new variants. Preliminary work by Public Health England used a ‘test-negative control’ studyfn1 to estimate that the effectiveness of one dose in protecting against symptomatic disease fell from around 50% against the Alpha (B.1.1.7) variant to 33% against the Delta variant (B.1.617.2), while the effectiveness of two doses only experienced a small fall from 88% to 81%.23 This suggests that a single dose has less than half the effectiveness of two doses against the Delta (B.1.617.2) variant and led to higher-risk groups having the gap between their vaccinations shortened from 12 weeks to eight weeks (see Chapter 25).

What has been the impact of the vaccines?

Public Health England regularly estimates total lives saved by the vaccination programme, modelling how many deaths from Covid-19 we would have expected without vaccines.24 Up to 13 May 2021, assuming the vaccines were 81% effective at preventing death, they estimated that 13,200 deaths in over-60s had been averted, not including the indirect benefits from reduced infection and transmission. Other analyses compared trajectories of different age groups and showed death rates in older groups dropping faster than for younger people awaiting vaccination.25

As we learn to live with this virus, the vaccines may need to be adjusted for new variants, just as happens to flu vaccines, and they will not have to go through the regulatory process each time. The development and roll-out of the Covid-19 vaccines has been an extraordinary success story – it is chilling to imagine our situation without them.




CHAPTER 23 How safe are the vaccines?

Some anxiety about new vaccines is understandable – they have been developed fast, and given in vast numbers to healthy people, not all of whom may benefit. There has been intense interest in announcements from regulatory bodies monitoring adverse reactions. Different countries came to a variety of decisions, based on varying interpretations of the data and attitudes to risk.

When millions of people are vaccinated, many apparent adverse events will happen within a few weeks by chance. People will have heart attacks, strokes or get run over by buses. The problem lies in discerning genuine side effects from events that may have happened anyway – call it luck, chance or fate, it is difficult to incorporate into our thinking.

Anxiety about vaccines was raised by a much-publicized paper in 1999 falsely asserting a causal link between the MMR vaccine and autism. But these claims were based on an uncontrolled series of 12 children, with speculative conclusions from fraudulent results,1 and later analyses showed that the incidence of autism after vaccination was indistinguishable from the rate among unvaccinated children.2

What happened in the clinical trials?

If we had an unvaccinated group that was like our vaccinated participants, we could estimate how many serious adverse events would have happened to them anyway. Fortunately, we have randomized trials! By comparing reports from the two groups, we see how many ‘reactions’ were due to the active ingredients, and how many were incidental or from the injection.

Adverse events were reported, without prompting, by 38% receiving the Oxford-AstraZeneca vaccine.3 Among control participants getting a meningitis vaccine, 28% also reported a side effect, which shows that the specific Covid-19 vaccine only induced around one-third of reported harm. Of more than 24,000 participants in the trials,4 fewer than 1% reported a serious adverse event and, among these 168 people, slightly more had had the control than the Covid-19 vaccine. Overall, the trial suggested no serious elevation in risk from the Covid-19 vaccine. The Pfizer-BioNTech trials were similar, with more mild or moderate adverse events in the Covid-19 vaccine group, and near-identical numbers of serious adverse events.5

The trials led regulators to authorize vaccines for widespread use. However, compared to what will happen after a vaccine is approved for use, clinical trials involve fewer people, focus on short-term outcomes and tend to include healthier individuals. We therefore need to collect ‘real-world’ pharmaco-vigilance data from vaccination programmes.

What happened when the vaccines were rolled out?

In the UK, adverse reactions are recorded using the ‘Yellow Card’ system, started in 1964 after the thalidomide tragedy. Doctors filled in (you guessed it!) yellow cardsfn1 when they suspected a side effect,6 although the current online system can also be used directly by patients. Of the 22.6 million people who had Oxford-AstraZeneca vaccines up to 28 April 2021,7 160,000 submitted reports featuring 597,000 reactions. That is around double the rate for the Pfizer-BioNTech vaccine.

There are large numbers of immediate side effects for all the Covid-19 vaccines, like pain, nausea, fatigue and fever. For the Oxford-AstraZeneca and Pfizer-BioNTech vaccines, there are other reports:fn2 palpitations (4,373), ‘feeling jittery’ (45), ‘screaming’ (21), libido increase (five), libido decrease or loss (43), and some unintended pregnancies.

The two vaccines had over 870 anaphylaxis or anaphylactoid reactions. That’s around six a day, and why we must sit for 15 minutes after getting jabbed. There were also 722 recorded deaths soon after the Oxford-AstraZeneca jab and 364 after the Pfizer-BioNTech vaccine, which receive thorough examination from regulators.

The Yellow Card system depends on spontaneous reporting of adverse events, which inevitably undercounts the true number. An alternative source of data is from those choosing to use the ZOE app,8 into which over 600,000 volunteers recorded their side effects following vaccination. Using a pre-specified list, they reported lower rates than those in clinical trials; around two-thirds ticked ‘local effects in their arm’ and about a quarter had more systemic side effects such as fatigue or fever.

What about blood clots and the Oxford-AstraZeneca vaccine?

In early 2021, there were increasing reports of blood clots in the brain, known as cerebral venous sinus thrombosis (CVST), after the Oxford-AstraZeneca vaccine. This is a serious condition, expected to occur in about one in 75,000 people per year, with a higher rate for younger women.9 These cases, however, were particularly unusual in that they were also linked to low platelets, which would normally tend to prevent clotting. This phenomenon was later termed VITT (vaccine-induced immune thrombotic thrombocytopenia).fn310 It is challenging to find expected rates of such rare and specific events. By 28 April 2021, the Medicines & Healthcare products Regulatory Agency (MHRA) in the UK had reported 242 such occurrences with 49 deaths.

The problem comes in weighing the potential benefits and harms of vaccinating different groups. The benefits of the Covid-19 vaccine increase sharply with age, while risks of serious harm appear to decrease in older people. Figure 23–1 shows an attempt to communicate this balance, as presented by the Deputy Chief Medical Officer, Jonathan Van-Tam, in a public briefing given in April 2021. In that briefing, it was announced that an alternative vaccine should be given to under-30s.

Van-Tam is a trusted communicator and took his time to describe this complex graphic, respecting the audience. Of course, any attempt to summarize all relevant factors is bound to be inadequate.fn4

The risk to young people is portrayed as being around one in 100,000. How do we set such risks in context? Wembley Stadium holds about 90,000 people. If it were crammed with people in their 20s and they all got vaccinated, we would expect one of these serious reactions. Against this, all those people would be largely protected, as would their contacts.

Alternatively, we could compare the incidence to other events. About one in 100,000 sky-dives11 or surgeries under general anaesthetic ends in death,12 but these events do not seem comparable to vaccination. Perhaps more similar in nature is the risk of getting a blood clot from the contraceptive pill,13 which works out at around one in 100,000 per week. But such thromboses are usually far less serious than those linked to the Oxford-AstraZeneca vaccine.

Rather than making such comparisons, Figure 23–1 concentrates on comparing rates of similar events for different age groups, which seems appropriate for such serious post-vaccination side effects.
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Figure 23–1

For 100,000 people with low exposure risk (based on coronavirus incidence of 2 per 10,000: roughly UK in March). Some potential benefits and harms of the Oxford-AstraZeneca vaccine, estimated in early April 2021. ICU admissions are of roughly similar seriousness to the reported blood clots, but unmentioned benefits include prevention of less serious disease and ‘long Covid’, and crucially the reduction of harm to others by reducing transmission. Less serious harms are also not included. Low-, medium- and high-exposure scenarios were provided.



What side effects are officially reported?

Every approved medical treatment in Europe has an official list of side effects that are reported in an agreed format, using the terms such as ‘common’ or ‘rare’ shown in Table 23–1. You can check these on the Patient Information Leaflet (PIL) for any prescribed medicine. Research suggests that we interpret these terms differently to the ‘official’ definition; in one study, people thought a side effect called ‘common’ would occur in around 34% of cases, whereas a 1%–10% incidence would be given this label.14

As an imperfect comparator, we include the side effects listed on a PIL for a common statin taken by millions of peoplefn5 to reduce the risk of heart attacks and strokes. In contrast to a one-off vaccination, statins are taken daily, and there is the option of stopping or changing the prescription. On the other hand, statins only help the recipient, while vaccinated people can help others through reduced transmission.

While the European Medicines Agency did not make any recommendations on the Oxford-AstraZeneca vaccine, authorities in many European countries restricted the vaccine to over-60s. Meanwhile, another viral-vector vaccine by Johnson & Johnson was linked to this condition, leading the US Food and Drug Administration to pause its roll-out in April 2021.16
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	Official term
	Estimated Frequency
	Oxford–AstraZeneca vaccine
	Pfizer–BioNTech vaccine
	Atorvastatin



	Very common
	More than 10% 
(1 in 10)
	Temporary pain and tenderness, headache, chills, nausea
	Temporary pain and tenderness, headache, chills, fever, joint pain
	



	Common
	1% to 10% 
(1 in 100 to 1 in 10)
	Swelling and redness at injection site, fever, vomiting, diarrhoea, flu-like symptoms
	Redness at injection site, nausea, vomiting
	Muscle pain, headache, nausea



	Uncommon
	0.1% to 1%
(1 in 1,000 to 1 in 100)
	Enlarged lymph nodes, dizziness, sweating, rash
	Enlarged lymph nodes, feeling unwell, arm pain
	Anorexia, nightmares, blurred vision, rash



	Rare
	0.01% to 0.1%
(1 in 10,000 to 1 in 1,000)
	
	Temporary one-sided facial drooping
	Serious allergic reaction or muscle injury (rhabdomyolysis)



	Very rare
	Less than 0.01%
(< 1 in 10,000)
	Thrombosis with thrombocytopenia
	
	Liver disease, hearing loss



Table 23–1

Some of the side-effect information for Covid-19 vaccines, as listed by the MHRA in April 2021.15 Severe allergic reactions can occur with both vaccines but are not given a frequency. Atorvastatin side effects are taken from the patient information leaflet (PIL). Reported events in the PIL could still be incidental.




So far, these vaccines have shown themselves to be relatively safe for such an effective intervention. Perhaps the most surprising thing is that we have not heard far more stories of adverse effects. But cases of young, healthy people being harmed by vaccination rightly have a strong emotional impact, even though such serious adverse events are extremely rare.




CHAPTER 24 Who has been getting the vaccines?

Having developed effective and safe vaccines, the crucial question is: who gets the vaccines first?

There are two general strategies when there is a lot of virus circulating: vaccinate people who spread the virus or protect the vulnerable. When vaccination priorities were being set near the end of 2020, it was uncertain to what extent vaccines curtailed transmission.1 The Joint Committee on Vaccination and Immunisation (JCVI)2 chose the primary aim of reducing deaths and illness in vulnerable groups.3

The question then became statistical: who is most at risk of catching and then dying from Covid-19? As we saw in Chapter 13, two major independent studies, QCovid4 and OpenSAFELY,5 concluded that age is the dominant risk factor. Based on these analyses, the JCVI defined nine priority groups down to those aged 50 or over,6 as shown in Table 24–1 with estimated numbers in the UK,7 and first doses by 30 April 2021, estimated from OpenSAFELY.8

These nine top-priority groups accounted for about 99% of all deaths related to Covid-19, but the same prioritization by age would be appropriate if minimizing years of life lost rather than simply mortality. This risk ranking was approximate – for example, no account is taken of men being at higher risk than women.




	
	Group
	Rough numbers in UK (millions)
	Estimated % with first dose (by 30 April 2021)



	1
	Care home residents.
Care home carers.
	0.3
0.5
	96%
-



	2
	Those aged 80 or over
Front-line healthcare workers
	3.3
3.8
	96%
-



	3
	All those of 75–79 years of age
	2.3
	96%



	4
	All those of 70–74 years of age.
Clinically extremely vulnerable individuals under 70
	3.2
1.2
	96%
87%



	5
	All those of 65–69 years of age
	2.9
	93%



	6
	All those aged 16–64 with underlying health conditions
	7.3
	81%



	7
	All those of 60–64 years of age
	1.8
	90%



	8
	All those of 55–59 years of age
	2.4
	88%



	9
	All those of 50–54 years of age
	2.8
	85%



	
	Total Priority Groups
	32
	



	
	Rest of adult population
	21
	



Table 24–1

Nine priority groups identified by the JCVI, with approximate numbers in the UK. Clinically extremely vulnerable people are those with severe health conditions, who had been shielding since the start of the pandemic. The one-dose-vaccinated proportion for 70 to 79-year-olds is applied to both age sub-groups.fn1


In the UK there was a clear prioritization, with little capacity for ‘gaming’ or jumping the queue: the Queen received her vaccine on 9 January 2021, while the Duchess of Cambridge had to wait her turn until 28 May when the roll-out included her age-group (35–39).

Were higher-risk occupations prioritized?

We’ve seen in Chapter 13 that some public-facing occupations, such as care workers and bus drivers, faced higher relative risks from Covid-19. There was also strong pressure for vaccination of teachers before reopening schools. But the only prioritized occupational groups were those most likely to infect vulnerable people, and further recommendations beyond the nine priority groups were based solely on age.9

In the US, the prioritization of the Centers for Disease Control and Prevention was somewhat different.10 The first vaccines went to health-care workers and residents of long-term care facilities, while in ‘Phase 1b’, vaccines went to those aged 75 and older and a wide range of front-line essential workers including police officers and teachers.

Who has been taking the vaccine?

High rates of overall vaccine coverage shown in Table 24–1 obscure some important disparities. The OpenSAFELY data show that 91% of those aged 60–64 had received their first jab by 26 May 2021, but that share fell to 68% among Black people, and 77% among people with mixed ethnicity.

Hesitancy to have the vaccine will play a part in lowering coverage, and a qualitative ONS study,11 based on 50 in-depth interviews in February–March 2021, revealed that concerns about the vaccine included safety, particularly due to its rapid development: ‘I feel like it’s too early. I don’t feel enough time or research has passed. I don’t know what the effects from the vaccine will be after five, 10 or 15 years from now.’ Some younger people fear the vaccine’s effects on fertility, and others feel they don’t need it anyway. There is some suspicion of its being derived from a chimpanzee virus or cells from a human foetus, as well as general distrust of the pharmaceutical industry and government. Unfortunately, as we saw in Chapter 20, there has been extensive misinformation. ‘In real life I’ve heard it’s working and it’s fine. On the Internet I’ve heard loads of people have died from the vaccine, so there’s real life and online.’

How many people have antibodies to the virus?

We’ve seen in Chapter 7 how antibody data is collected as part of the ONS Covid-19 Infection Survey; in 2020 this gave an idea of the impact of the virus, but in 2021 antibodies could be due to either previous infection or vaccination. Figure 24–1 shows the modelled estimates of the proportion of each age group in England that would test positive for antibodies, indicating the changes during the vaccine roll-out.12
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Figure 24–1

Modelled proportion of people testing positive for antibodies in blood samples for different age groups between December 2020 and April 2021, together with the proportion receiving one and two doses of the vaccine.



Figure 24–1 shows that those aged 16–24 were the most likely to test positive for antibodies before the start of the vaccination programme, and by April 2021 nearly half had antibodies: the minority due to vaccination. The virus had spread extensively through young adults.

Older age groups started at lower levels of antibodies developed after infection, but then vaccination led to a rapid rise. There is an inevitable lag of around two weeks between first vaccination and testing positive for antibodies, but the proportion with antibodies does not fully rise to meet the level of those receiving their first jab, emphasizing the need for full vaccination.

Having antibodies after a symptomatic infection or vaccination does not confer complete or necessarily enduring immunity, and knowing how antibodies rise (and fall) after vaccination is vital to help plan for booster jabs. As more people develop antibodies – even with incomplete protection – immunity grows, the population becomes less susceptible, and the spread of the virus is slowed.

Once the goals of a vaccine programme are set, statistics can help answer questions of equitable priority. The lower vaccine coverage in certain ethnic groups, which we know tend to be of higher risk, is concerning for the future protection of some communities. But this does not negate the success and popularity of the vaccine roll-out in the UK.




CHAPTER 25 How far apart should the vaccines be given?

The UK initially gave second doses of Covid-19 vaccines 12 weeks after the first dose, longer than the three-week gap used as a target in the Pfizer-BioNTech randomized controlled trial and by countries elsewhere. What was the reasoning behind what The Washington Post described as ‘one big, high-stakes science experiment’?1

The stated goal of the vaccination programme was to save lives. Each dose should reduce the marginal risk of death. There are limited doses of vaccines, and longer dosing intervals mean that more people are protected, faster. This is an optimization problem against supply constraints, time and a deadly virus, and mathematical modelling suggested – given the first dose provided reasonable efficacy – that more lives would be saved by lengthening that gap.2

Figure 25–1 shows that at the start of March 2021, jabs were averaging around 350,000 a day and were nearly all first doses. People started coming to the end of their 12-week gap and needed their second doses. The strategy worked: by 17 February 2021, around 17 million vaccine doses had been given in the UK.3 Over 16 million had received their first dose; had there been a three-week interval, only around 10 million would have had any vaccine.
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Figure 25–1

Seven-day rolling average of UK first- and second-dose vaccinations, by publication date.



What protection does a single dose provide?

If the delayed-second-dose strategy is to save lives, there needs to be good protection in the gap between the first (‘priming’) and second (‘boosting’) doses, which can be up to three months. Fortunately, in the clinical trials that estimated efficacy, most protection came from the first dose, but second doses provided enhanced and enduring immunity.4 A small pre-print study of Maryland health-care workers found that messenger RNA vaccines had much bigger antibody responses in those with a past SARS-CoV-2 infection, with earlier infections from the virus acting like a priming dose from a vaccine.5

A clear concern is whether a longer dosing interval harms overall effectiveness, but this has not been found for other vaccines and, for biological reasons, was judged unlikely for virus-vectored ones. Andrew Pollard, head of the Oxford Vaccine Group, said: ‘Generally, a longer gap between vaccine doses leads to a better immune response, with the second dose causing a better boost.’6 The summary was: ‘The immune system remembers the first dose and will respond whether the later dose is at three weeks or three months.’

For the Oxford-AstraZeneca vaccine, exploratory analysis indicated there was higher efficacy from a longer dosing interval;7 with two standard doses and a dosing interval of less than six weeks, researchers reported trial efficacy against symptomatic Covid-19 of 55% (33%–70%). For a prime-boost interval of more than 12 weeks, that efficacy rose to 81% (60%–91%).

A further concern is whether the immunity from one dose substantially wanes across the 12 weeks. Some decline in antibodies was found in experimental work on the Pfizer-BioNTech vaccine,8 while the ONS Covid-19 Infection Survey found a small drop in those testing positive with antibodies while specific age groups were ‘between vaccines’.9 In contrast, Public Health England vaccine-effectiveness studies estimated an improvement with time after the first dose.10 A pre-print analysis of 172 people aged 80 or over found a similar pattern for the Pfizer-BioNTech vaccine.11

UK institutions made bold decisions in the vaccination programme: approval of the Oxford-AstraZeneca vaccine in older people, despite low numbers of Covid-19 cases in trial participants; rigorous prioritization to save lives; and increasing the gap between doses to maximize protection. But if the underlying conditions change, then the optimal strategy also evolves. So, in the light of evidence that the new Delta (B.1.617.2) variant reduced the effectiveness of a single dose, on 21 May the JCVI recommended accelerating second doses, and reducing the gap between doses for higher-risk groups 1–9 from 12 weeks to eight weeks.

In this global pandemic, both science and interventions are done at speed. Decisions must be made using imperfect data and limited background knowledge, in the face of intractable uncertainty.




LOOKING FORWARDS AND BACK




CHAPTER 26 How good are the projections from epidemic models?

From the start of the pandemic, epidemiological models have been a source of continuing controversy, blamed for fearmongering and inaccuracy. How well have they done?

Epidemiology is the study of public health outcomes across populations,1 and an important tool is to try to distil problems down to their essence, described in mathematical terms: this is called a model. Models have numerous uses, including:


	making predictions or projections, based on a range of assumptions – see this chapter

	understanding the virus and epidemic – see Chapter 13

	estimating the effects of the anti-transmission measures – see Chapter 16

	estimating the effectiveness of vaccines – see Chapter 22

	establishing priorities for resources such as vaccines – see Chapter 24.



The most commonly used models can be termed mechanistic, since they try to construct a simplified version of the actual mechanism by which a virus spreads through the population. The most basic type are SIR models (Figure 26–1), in which people are in one of three ‘compartments’:


	susceptible: they can catch the disease from others

	infected: they have the disease and may pass it to others

	recovered (or removed): they have had the disease and can no longer catch it.fn1



There are many sources of uncertainty in modelling. First, there is the unavoidable unpredictability of the future, which is often handled by simulating the possible outcomes for huge numbers of individuals. Second, there is uncertainty about underlying assumptions, such as the appropriate value of the current reproduction number Rt, (the average number of people that a case infects); this leads to sensitivity analysis, exploring differing assumptions. Finally, there is the uncertainty due to the inevitable inadequacy in modelling reality. Every model is a simplification – it is a map, not the territory. That is why it helps to have multiple independent teams constructing models.

A famous analysis was published by Professor Neil Ferguson’s team at Imperial College London on 16 March 2020,2 credited with provoking the full lockdown announced for 23 March. Their model is more complex than the simple SIR structure, breaking contacts into areas such as households and workplaces, and making assumptions on the viral incubation period, infectiousness, length of hospital stays and more.
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Figure 26–1

The SIR model, with compartments that people move through, from susceptible to infectious to recovered.






The model considers the impacts of different non-pharmaceutical interventions on what we expect to happen to cases, hospitalizations and deaths, all estimated by simulating the future lives of thousands of imaginary individuals: such stochastic modelling is very computer-intensive. The reproduction number was assumed to be 2.4, although values between 2.0 and 2.6 were tried.

They first looked at the consequences of ‘the (unlikely) absence of any control measures or spontaneous changes in individual behaviour’, projecting 510,000 deaths in Great Britain over two years, and 2.2 million in the US. Unfortunately, it has been repeatedly claimed that the model estimated there would be half a million deaths.fn2

That was not a prediction, but a projection under the implausible scenario where the virus spreads and nobody does anything about it.

Their model explored a wide range of scenarios, and suggested a large impact from mitigation policies. With case isolation, home quarantine, social distancing and school and university closure, the highest projection for deaths in Great Britain was projected to be 48,000 over two years, which has turned out to be rather optimistic. In contrast, their projections for intensive-care usage tended to be too high.

Alternative ways of modelling do not simulate dynamic diseases, but instead use ideas of curve-fitting to series of data points such as cases or deaths, and then project that curve forwards in time. It is like seeing the initial arc of a thrown ball and estimating how high and far that ball goes. Like a thrown ball, these models assume conditions do not change, and this has led to some overconfident and erroneous forecasts.3

The University of Washington’s Institute for Health Metrics (IHME) model suggested in early May 2020 that California would have no Covid-19 deaths by the end of that month.4 The California Department of Public Health subsequently reported over 49,000 Covid-19 deaths after May 2020.5

How good were projections made in July 2020?

Planning for emergencies has traditionally focused on the construction of ‘reasonable worst-case scenarios’ (RWCS), based on the idea of ‘plan for the worst, hope for the best’, and so adopting deliberately pessimistic assumptions. In July 2020, the SAGE committee considered an RWCS for the nine months from 1 July 2020 to 31 March 2021, summarized in Table 26–1, with the subsequent actual outcomes.6

In general, the scenario was reasonably prescient, although it placed the peak of the second wave somewhat later than subsequently occurred. Indeed, reality turned out worse than the ‘worst-case scenario’, with more reported deaths and higher peak hospital occupancy. At that time there was no certainty that vaccines would be available, although the new Alpha (B.1.1.7) variant had not started to make an impact.

Perhaps a low point for the public perception of modelling occurred at the end of October 2020, when some projections were leaked that showed a possible future peak of 4,000 deaths a day. But these model outputs were never meant to be released, and had already been revised downwards before the leak. Despite that, they formed part of the public briefing and presentations to parliament, leading to criticism by the statistics watchdog: the UK Statistics Authority said, ‘full transparency of data used to inform decisions is vital to public understanding and public confidence’.7




	Measure
	Reasonable Worst-Case Scenario stated in July 2020
	Actual value



	Number of Covid-19 deaths
	85,000
	96,000



	Peak daily Covid-19 deaths
	800 (late February 2021)
	1,500 (mid-January 2021)



	Covid-19 hospitalisations
	356,000
	331,000



	Peak daily hospital (non-ICU) occupancy
	25,000 (late February 2021)
	39,000 (mid-January 2021)




	Peak daily ICU occupancy
	6,000 (late Mar 2021)




Table 26–1

UK projections made in July 2020 under a reasonable worst-case scenario (RWCS) for outcomes between 1 July 2020 and 31 March 2021, compared with what actually happened (rounded to the nearest thousand). Covid-19 deaths are from the ONS. Hospitalizations and occupancy refer to the ‘patients admitted to hospital’ and ‘patients in hospital’ measures.


The ‘roadmap’ for release from lockdown announced on 22 February 2021 was informed by models from multiple independent teams,8 focusing on a ‘central estimate’ as well as more pessimistic scenarios.9 Even cautious strategies were projected to lead to more than 50,000 deaths by June 2022 (with a 95% uncertainty interval of 33,000–81,000), and nearly double that with earlier relaxation, which will have influenced the apparent caution in the roadmap. These projections were regularly revised in the light of new evidence on variants, vaccine coverage and effectiveness, and will continue to change.

How good is human judgement?

Although based on numerous judgements, models offer some degree of objectivity when making predictions. How do they compare with purely subjective judgements about what might happen?

In early April 2020, DS and colleagues surveyed 140 UK experts and over 2,000 UK laypersons, asking them to make four quantitative predictions about the impact of Covid-19 on the UK by the end of 2020.10 The experts gave a median estimate of the number of Covid-19 deaths as 30,000, while non-experts said 20,000; in reality, on 31 December 2020 the UK reported a total of 76,000 Covid-19 deaths. The respondents also provided an interval in which they were 75% confident the true value would lie, but the recorded value was contained in only 36% of the experts’ intervals and only 10% of the non-experts’. Humans were both too optimistic and too sure of themselves – a common finding.fn3

It is worth remembering two classic quotes: ‘predictions are difficult, especially about the future’, and ‘all models are wrong, but some are useful’.11 Epidemic models are always full of uncertainty, which flows from their simplified structure, their assumptions and data inputs and the unpredictability of real life. Provided we view these models as tools for our understanding, they can still be useful.




CHAPTER 27 What is going to happen in the future?

There are many forking paths to possible futures, with much that is unknown and unknowable. In terms of the virus, we can identify three broad scenarios for countries:1


	Endemic: The SARS-CoV-2 virus becomes endemic, at low levels with seasonal cycles. Harms depend on overall infections and immunity, as well as effective treatments and vaccinations. This was the fate of the 2009 H1N1 influenza virus,2 becoming part of the influenza herd. Like influenza, SARS-CoV-2 may become an acceptable risk to society, although even in ‘good’ years there could be thousands of deaths in large countries. Booster vaccines will be updated for the latest variants.

	Containment: Testing, tracing and isolation programmes help contain the SARS-CoV-2 virus. There can be localized flaring and infections. It takes time for containment to erode the virus, as it did with the original SARS virus.3

	Elimination: The number of infections is reduced to essentially zero for a sustained period. Countries then remain at risk of importation and may need to retain strict border controls.



Countries are not independent of each other. Will Covid-19 become more politicized, with uncoordinated responses, closed borders and stoked tensions? Will countries share vaccines and expertise? The future is likely to be mixed.

What about the UK? As we write this sentence in May 2021, modelling had suggested there would be an ‘exit wave’,4 with Covid-19 surging as people mixed more and went back to school and work. Real-world data allowed modellers to update those assumptions, permitting more optimism,5 but then the Delta (B.1.617.2) variant intruded. There is great uncertainty about the next few months as the virus spreads primarily among younger people, with a wide range of outcomes compatible with the current evidence.

In the longer term, there could be an exuberant embrace of social activity, but some people may remain deeply anxious about returning to normal life, and they will be the ones we do not see. There are likely to be many memorial events to those whose deaths could not be marked appropriately at the time. There is also likely to be a delayed impact on foregone medical investigations and treatments, and long-term effects on employment and the educational prospects of young people.

As in wars, the young will pay the price of protecting those who are more vulnerable.




CHAPTER 28 Postscript

The last year has been a story of strife, suffering, science and statistics. News broadcasts and articles have been awash with numbers: cases, R, daily deaths, vaccine efficacy and more.

Statistics is the art of learning from data. Every number has been a sharp summary of human experience. Millions have died. Many more have gone through hospital doors. As well as the huge debt we owe to health-care and essential workers, we should also thank statisticians and analysts in governments, public health agencies and other organizations for their service under severe circumstances.

It is natural that people will want to review how their countries reacted to the pandemic, and we leave it to future inquiries to examine questions about pandemic preparedness, the role of scientific advice, the protection of the vulnerable in care homes, the pressures on health-care staff, the timing and effectiveness of interventions, the balances between national and local responses, public procurement, vaccine strategy and much more. All these issues will require careful attention to data, and we hope this book will contribute to an improved discussion.

There are clearly many lessons that can be drawn from the pandemic, but as statisticians we shall focus on the ones concerned with data. Fortunately, the Royal Statistical Society has produced a list of ten statistical lessons from the UK’s experience:1


	Invest in public health data
Good public health data are essential for understanding the pandemic, but insights are limited due to inadequate and fragmented resources. More investment is needed both in systems and in people.

	Publish the evidence
People have been asked to make huge sacrifices based on uncertain and evolving evidence. Citizens deserve clarity about the basis of the decisions that affect them, underpinned by coherent summaries and available datasets.

	Be clear and open about the data
Unless there are overwhelming contradictory reasons, data should be transparent and publicly available. The ONS and Public Health England have both innovated in terms of their openness, but it can be difficult to navigate the analyses produced by different organizations.

	Challenge the misuse of statistics
The Office for Statistics Regulation has held ministers to account, but its role for non-departmental statistics is unclear. Greater data transparency will assist organizations such as Full Fact and the Science Media Centre to provide more effective challenges.

	The media need to recognize their responsibilities
The statistical literacy of journalists seems to have improved, but news organizations can still treat the pandemic as a primarily political story, rather than calling upon the experience of health and science journalists.

	Build decision-makers’ statistical skills
Statistical thinking is vital in a pandemic. Politicians, civil servants and scientists must understand the strengths and limitations of the available data and statistics, and people with established statistical skills need to be at the ‘top table’ when making decisions.

	Maintain an effective infectious disease surveillance system
Timeliness of statistics matters for public health. A real-time public health surveillance system should be ready for the next health emergency.

	Improve scrutiny of diagnostic testing
Vaccine and pharmaceutical evaluations follow rigorous steps, which should also be applied to diagnostic testing. Manufacturers should release their studies in sufficient detail so that their marketing claims can be examined.

	Health-care data remain incomplete without social-care data
There has been a lack of data on social care in England, including even basic counts of residents. That paucity of data made it difficult to understand the causes of the impact on care homes.

	Put evaluation at the heart of policy
Evaluating treatments in the RECOVERY trials has been a huge success, and it is extraordinary that so much money has been spent on interventions such as NHS Test and Trace with little idea of its impact. A scientific approach, including experimentation, can help improve public policy.



Whatever the future brings, we personally hope that the extraordinary focus on statistics over the pandemic will have raised the interest of government, the media and the public in the proper use of data in our daily lives. This would, at least, mean one positive benefit from the last year.




Glossary

Absolute risk: the proportion of people in a defined group who experience an event of interest within a specified period.

Adverse events: a medical problem occurring during drug treatments or other therapies. Adverse events may be mild, moderate or severe, and can have causes other than the administered drug or therapy.

Age-standardized mortality rate: a calculation which uses age-specific mortality rates (such as the proportion of people aged 75–79 who died) and derives an overall rate as a weighted average. The weights in this average are from a standard population, like the ‘2013 European Standard Population’. Comparisons based on this standardization then account for differing population size and age structure.

All-cause mortality: registered deaths from any cause in a specific period.

Attack rate: the proportion of people that contract a disease in a specified period. This is the absolute risk of contracting a disease.

Basic reproduction number: the average number of secondary infections from a single, typical infection in a completely susceptible population. This dimensionless number is affected by the transmissibility of the virus, average contacts, and the duration of infectiousness.

Bayes’ Theorem: a rule of probability that shows how evidence A updates prior beliefs of an event B to produce ‘posterior’ beliefs P(B|A), meaning the probability of B given A. This is through the formula:
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This is easy to prove, since the multiplication rule of probability and the symmetry of two events occurring at once means:


P(B|A) P(A) = (A and B) = P(B and A) = P(A|B) P(B)



Dividing each side by P(A) gives the formula.

Clinical trial phases: a Phase I trial is the first small test on humans. The main aims in Phase I are to ensure the treatment presents no major safety issues and gather preliminary evidence of restorative or preventative value. Phase II trials are larger, aiming to establish rough estimates in efficacy and appropriate dosing regimens. Phase III trials are even larger, often involving thousands of volunteers. The objectives are demonstrating safety and efficacy, confirming effective doses, identifying side effects and risks, and comparing results against existing treatments. Phase IV studies comprise post-approval surveillance, so-called pharmaco-vigilance.

Collider bias: a collider is causally influenced by two or more variables. Controlling on a collider variable, through design or analysis, can induce distorted associations between other variables.

Confidence interval: an estimated interval within which an unknown parameter may plausibly lie. Based on the observed data, a 95% confidence interval for µ is an interval whose lower limit L(x) and upper limit U(x) has the property that, before observing the data, there is a 95% probability that the random interval (L(x), U(x)) contains µ. The Central Limit Theorem, combined with the knowledge that close to 95% of a normal distribution lies between the mean ± two standard deviations, means a common approximation for a 95% confidence interval ± two standard errors.

Confounder: a variable which is associated with both a response and a predictor, and which may explain some of the apparent relationship. For example, the height and weight of children are strongly correlated, but much of this association is explained by their age.

Credible interval: an interval within which a parameter (treated as a random variable in Bayesian analysis) falls within a given probability. Credible intervals are not unique, and there are many ways to choose such intervals. For distributions with a single mode, suitable credible intervals include: choosing values of highest probability density, equal-tailed intervals containing the median, or intervals centred around the mean.

Crude mortality rate: the number of registered deaths in a specific period, expressed as a proportion of the population.

Curve-fitting: the process of constructing a mathematical function which suits data points. That can involve interpolation between data points and smoothing.

Cycle threshold: the cycle number at which the fluorescence generated within a reaction crosses a threshold representing background fluorescence. It is the first cycle at which the gene of interest is detected.

Effective reproduction number: the average number of second cases per infectious case, in a population containing both susceptible and non-susceptible people. Prior infections and vaccinations can make people non-susceptible to the disease, reducing the susceptible population.

Excess deaths: the number of deaths in a specific period minus a baseline value for deaths. The baseline value could represent the average deaths over the past five years or be a model of expected deaths.

Exponential growth: a process which increases a quantity over time, in multiples. For example, a bacterium doubles in time: splitting in two, then four, then eight, then 16, and so on. This term does not mean ‘fast’: your money in a low-interest savings account is growing exponentially. In mathematical terms, exponential growth looks like:


xt = x0 (1 + r)t



Taking logarithms gives


log xt = log x0 + t log (1 + r),



which is linear in time.

Genomic sequencing: the process of determining the whole (or nearly whole) genetic sequence of an organism’s genome at a single time. This sequencing helps epidemiologists and public health researchers understand how the virus is spreading and changing.

Hazard ratio: when analysing survival times, the relative risk, associated with an exposure, of suffering an event in a fixed period. A Cox regression is a form of multiple regression when the response variable is a survival time, and the coefficients correspond to the logarithm of hazard ratios.

Infection fatality rate (IFR): the proportion of those infected who died from that infection.

Logarithmic scale: the logarithm to base 10 of a positive number x is denoted by y = log10x, or equivalently x = 10y. In statistical analysis and mathematical textbooks, log x generally denotes the natural logarithm y = logex, where e is the exponential constant (or Euler’s number), roughly equal to 2.718.

Margins of sampling error: after a survey, analysts often calculate 95% confidence intervals, approximately the mean ± two standard errors. Those two standard errors are often called the margin of error, reflecting errors in survey estimates due to sampling. For a simple random sample of 1,000 people, the margin of sampling error around a true value of 50% (where errors are maximized) is ± three percentage points.

Matched control study: a study design where cases (such as vaccinated people) are matched to controls (such as unvaccinated people) based upon some characteristics. The idea is to match upon potential confounding variables and reduce those biases.

Mean (of a sample): suppose we have a set of n data points. Their sample mean is the sum of the data points divided by n. In mathematical formula, that is:

[image: ]
If our sample were 3, 2, 1, 0, 1, then the sample mean is (3 + 2 + 1 + 0 + 1)/5 = 1.4.

Mechanistic: a type of model where mathematical formulae describe physical, biological or technical processes. For example, we could construct a mechanistic model of a forest fire. Each tree burns for one step in time, setting every surrounding tree alight. The starting conditions then uniquely determine the outcome of this mechanistic model.

Median (of a sample): the value midway along the ordered set of data points. If n is odd, then the sample median is the middle value of an ordered set. If n is even, then the median is the average of the two middle points.

Mode (of a sample): the most common value in a set of data. In a population distribution, the mode is the response with the highest probability of occurring.

Mortality displacement: a phenomenon where a period of excess deaths (where deaths are higher than expectations) is followed by deficit deaths (where deaths are under expectations). Another name is ‘harvesting’. Mortality displacement can follow environmental events, such as heatwaves or cold snaps. Deaths can also be displaced forwards in time, say through a mild winter or low seasonal flu.

Optimization problem: a mathematical problem where the goal is to select the best choice within constraints, from a set of possible alternatives. Such problems often involve maximization or minimization of functions from a permitted set of input values.

Pharmaco-vigilance: the practice of monitoring the effects of drugs after being licensed for use. A common goal is the detection, understanding and prevention of adverse events from medicines.

Population fatality rate (PFR): the proportion of a total population that have died from a disease.

Positivity: the proportion of tests (or tested people) which return a positive result within a specified period.

Predictive values: the positive predictive value is the probability that a person with a positive test has the disease. The negative predictive value is the chance that someone with a negative result does not have the disease.

Prospective cohort study: when a set of individuals are identified, background factors are measured, and then they are followed up and relevant outcomes observed.

Randomized control trial (RCT): an experimental design in which people or other units being tested are randomly allocated to different interventions, thus ensuring, up to the play of chance, that the groups are balanced in both known and unknown background factors. If the groups show subsequent substantial differences in outcome, then either the effect must be due to the intervention or a surprising event has occurred.

Recall error: errors when survey respondents are asked to remember past events or experiences. Participants may completely forget something happened or misremember parts of their experience.

Relative risk: if the absolute risk among people who are exposed to something of interest is p, and the absolute risk among people who are not exposed is q, then the relative risk is p/q.

RNA: ribonucleic acid. This is like DNA, but only has a single strand. There are many types of RNA, of which the three well-studied types are messenger RNA (mRNA), transfer RNA (tRNA) and ribosomal RNA (rRNA), present in all organisms.

Rolling average: a calculation to analyse data points through creating a series of different averages, which represent different subsets of the full set, say over a week centred on the day of interest. This is useful for time series data to smooth out fluctuations, highlighting trends.

Sample survey: a collected subset of a population, used to estimate characteristics of the overall population. A common example is political polling, which uses surveys to estimate how people intend to vote in an upcoming election (among other questions).

Secondary attack rate (SAR): the proportion of an infected person’s contacts (such as in the household or close contacts) who also become infected. The initial infected person is often called the index case.

Sensitivity: the proportion of ‘positive’ cases that are correctly identified by a classifier or test. This is often termed the true-positive rate. One minus sensitivity is also known as the observed Type II error or false-negative rate.

Seroreversion: the decrease over time in specific antibody levels so they measure below the detection threshold of a test. It can be transient, meaning antibody levels fluctuate between being detected and not detected.

Social desirability bias: the tendency of some survey respondents to answer questions in a way they deem would be acceptable to others, rather than give their ‘true’ answer. People may over-report socially desirable attitudes and behaviours (like voting) and under-report undesirable ones (such as taking illicit drugs).

Specificity: the proportion of ‘negative’ cases that are correctly identified by a classifier or test. One minus specificity is the observed Type I error, or false-positive rate.

Statistical model: a mathematical representation, containing unknown parameters, of the probability of a set of random variables.

Stochastic: the process can be well described by a probability distribution. In statistical modelling, it means the outcomes of the modelling process are probabilistic, and so analysts can then run these models many times, to estimate the uncertainty in those outcomes.

Vaccine effectiveness: in vaccine deployment programmes, studies can estimate the reduction in disease among vaccinated people compared to unvaccinated people. Due to how large these programmes are, vaccine effectiveness studies can estimate the reduction in rare outcomes, such as hospitalization and death.

Vaccine efficacy: in a clinical trial, the reduction in disease among vaccinated participants compared to the control group.

Weighting (in surveys): weights are statistical adjustments made to survey data, seeking to improve the accuracy of survey estimates. There are different kinds of survey weights: adjusting for selection probabilities, non-response, and mirroring population distributions.

Wild-type SARS-CoV-2: a form of the virus containing no major mutations.
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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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