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The World Health Organisation has reported that the viral disease known as COVID-19,
caused by SARS-CoV-2, is the leading cause of death by a single infectious agent. This
narrative review examines certain components of the pandemic: its origins, early clinical
data, global and UK-focussed epidemiology, vaccination, variants, and long COVID.

Keywords: COVID-19, SARS-CoV-2, vaccination, variants, long COVID

INTRODUCTION

To say that the COVID-19 pandemic is the first major global health issue for a little over a century is
to state the obvious. The continuously rolling stages of the pandemic, and our responses to it, have for
the time being made it difficult to draw firm conclusions, and any long-term effects will not be known
for years to come. In the early stages of the third year of the pandemic, the present review will build
on, and update, a previous review in this Journal (1) and provide an update on the state of the
pandemic globally and in the United Kingdom (UK).

THE ORIGINS OF SARS-COV-2

Much of the history of the origins of this virus is known (1–3). On 12December 2019, health authorities
in the city of Wuhan in the Hubei region of China reported an unusual idiopathic pneumonia, some
cases progressing to respiratory failure, which is the major criterion of an acute respiratory disease
syndrome (ARDS) (4). Six of the first seven patients worked at a local seafoodmarket, and samples were
sent to the local laboratory, which identified a candidate pathogen as a coronavirus, named 2019-nCoV.
Subsequent analysis showed a 79.6%–87.1% sequence matching with known SARS-CoV viruses
MERS-CoV and SARS-COV, whose intermediate hosts are the dromedary and civet cat, respectively).
Later, a >95% overall genome sequence identity likeness with the virus BatVoVRaTG13, previously
detected in the bat Rhinolophus affinis, was reported, suggesting a common ancestor (4, 5).
Consequently, this phylogenetic relationship provided evidence that the virus may have originated
in bats, though alternative hosts such as civet cats and pangolins were suggested, a SARS-CoV-like virus
being isolated from the latter (4–6). Genome analysis pointed to an envelope spike protein interacting
with angiotensin-converting enzyme 2 (ACE2) on the target cell membrane as the entry point. The
sequence of the virus was determined and published early in 2020 (6–9), and it was subsequently re-
named SARS-Cov-2 in March 2020 (10).

The first official [as per the World Health Organisation (WHO)] case was confirmed on 30
December 2019 and the first death on 6 January 2020. Data were regularly forwarded to the WHO,
who, on 20 January 2020, began publishing weekly Situation Reports (11). The 23rd Report, dated 12
February, referred to the disease as COVID-19 (12).
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EARLY CLINICAL AND LABORATORY
DATA FROM CHINA

Apart from the atypical pneumonia, a principle early observation
regarded the infection rate and its high transmissibility, with a
reproduction rate (R) of 2.5, to be considerably higher than
influenza (R = 0.93) and other coronaviruses MERS-CoV (R =
0.69) and SARS-Cov-1 (R = 1.1) (13). Other data followed,
pointing to leading symptoms typical of a severe viral
infection of the lungs, i.e., fever (83%), cough (82%), and
shortness of breath (31%), with 15% of patients reporting all
three, whilst over half had a chronic medical illness (notably
hypertension, diabetes, and cerebrovascular disease), and there
was a case fatality rate of 11% (14). A subsequent report (15)
showed that leading risk factors for admission to an intensive care
unit (ICU) were age, hypertension, cerebrovascular disease,
diabetes, dyspnea, and dizziness (all p < 0.01). Leading
laboratory findings linked to ICU admission were increased
neutrophil count, D-dimers, creatine kinase, lactate
dehydrogenase, urea, aspartate aminotransferase, high-
sensitivity troponin I, and procalcitonin (all p < 0.01). Invasive
mechanical ventilation was required by 47% of those admitted to
ICU. A further study found that age, troponin I, lactate
dehydrogenase, and creatine kinase were all independent
predictors of mortality (16). These data were subsequently
confirmed and extended in Caucasian populations (see
sections to come).

THE EPIDEMIOLOGY OF THE DEVELOPING
PANDEMIC

Global Perspectives
A year after the initial cases (12 December 2019), the disease had
become global, present in all populated continents, with around
76.2 million people infected (0.97% of the world’s population),
causing 1.8 million deaths (2.3%) of those infected. The WHO

coronavirus (COVID-19) dashboard continued to provide two
major metrics: the numbers of infected people (cases) and the
number of deaths (2). Such data showing the increase in the rates
of cases and death, and thus any changes in the rates of death per
case, up to December 2021 are presented in Table 1.

Whilst there were a number of peaks and troughs, broadly
speaking, the number of deaths increased in an approximately
straight line during 2020 and 2021, and although the number of
cases also increased in an approximately straight line, the rate
increased markedly in early 2022. The unusual early peak in the
proportion of deaths to cases (as high as 7.2% in May 2020,
Table 1) may be explained in terms of the early difficulties in
recognising and defining both a case and a death. Lack of
consensus on a definition of a case in the absence of a
scientifically proven infection is a potential reason, and so
many cases and deaths may have been assumed to be due to
COVID-19. Thus, understanding of the spread of the virus and its
effects was hampered by the non-standard definitions of infection
and related deaths and lack of an accurate and accessible test for
either the virus itself or proof of infection (i.e., the presence of
serum antibodies). Once the data collection had settled down
after the first 6 months, several clear peaks in both number of
cases and number deaths are evident, though the precise reason(s)
for this are unclear (Figure 1).

Many nations were slow to come to terms with the virus and
its effects. Some promptly placed travel barriers to effectively ban
migration and other restrictions (such as the closure of schools
and universities and implementation of night-time curfews),
whilst others took longer to adopt the same interventions. One
of the greatest disparities is presumably due to the frequency of
testing, how cases and deaths are reported, countries not releasing
data (e.g., China), etc. A second, independent factor was the
ability of nations, and their health care systems, to respond to the
infections.

These factors may be reflected by the data in Table 2, which
compares the cumulative increases in the number of confirmed
cases some 6 months after the pandemic started, at 1 year and at

TABLE 1 | Global COVID-19 cases and deaths.

Month* 2020 2021

Cases Deaths Percentage of
deaths

Cases Deaths Percentage of
deaths

January ** ** ** 89.6 1.99 2.22
February 0.047 0.001 2.70 105.6 2.39 2.26
March 0.11 0.036 3.36 116.2 2.67 2.30
April 1.18 0.066 5.59 134.9 3.00 2.22
May 3.96 0.285 7.20 157.1 3.39 2.16
June 6.79 0.417 6.14 175.4 3.75 2.14
July 12.6 0.550 4.36 186.3 4.00 2.15
August 19.6 0.763 3.89 202.3 4.28 2.11
September 29.1 0.970 3.33 224.3 4.62 2.06
October 37.9 1.166 3.08 237.1 4.84 2.04
November 50.9 1.311 2.58 246.7 5.00 2.03
December 71.7 1.670 2.33 262.3 5.22 1.99

Raw data: millions. *First of each month. **Numbers too small to be reliable. In early 2022, these data increased further to 324.31, 5.55 and 1.7%, respectively in January, to 411.86, 5.84,
and 1.4% in February, to 459.1, 6.07, and 1.3% in March, and to 501.14, 6.2, and 1.2 in April. In going to press on 6 May 2022, data were 513.95, 6.25, and 1.2%, respectively.
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18 months in selected nations. This data is also adjusted for the
population of each nation and so points to great variation in the
relative spread of the disease between nations, regions, and
continents. Similarly, Table 3 shows parallel data of the
increases in case-related fatalities, also adjusted for the size of
the population. Interpretation of these data in the initial
6 months to mid-June 2020 is problematical because of, as
described above, the likelihood of different methods used to
define a case and a death (e.g., in hospitals only or in hospitals

and elsewhere), known to vary between countries, over time. As
the pandemic developed, objective clinical definitions and the
wider availability of scientific testing provided more
reliable data.

Migration of the Virus to Europe
The daily situation reports from the WHO showed the slow but
steady arrival of the virus in Europe in late January/early February
2020. Two Chinese visitors to Italy flew into Milan from Wuhan

FIGURE 1 |Global deaths throughout the pandemic. Data from the WHO (covid19.who-int). Week 0 = 6 January 2020, Week 60 = 22 February 2021, Week 120 =
18 April 2021. Several peaks and troughs are evident.

TABLE 2 | Data on COVID-19 confirmed cases from selected nations.

Nation Mid-June 2020 Mid-December 2020 Mid-June 2021

Confirmed cases
(106)

Confirmed cases
% of

population

Confirmed cases
(106)

Confirmed cases
% of

population

Confirmed cases
(106)

Confirmed cases
% of

population

The world 8.71 0.11 76.2 0.97 177.9 2.26
Argentina 0.04 0.09 1.48 3.32 4.24 9.52
Australia <0.1 <0.01 0.03 0.11 0.03 0.11
Brazil 0.38 0.12 6.78 2.07 17.8 5.44
China 0.08 <0.01 0.09 <0.01 0.12 <0.01
Columbia 0.06 0.12 1.40 2.82 3.89 7.84
France 0.16 0.24 2.31 3.45 5.65 8.43
Germany 0.19 0.23 1.49 1.78 3.72 4.44
India 0.41 0.03 10.0 0.72 29.9 2.21
Italy 0.24 0.40 1.93 2.98 4.24 7.02
Mexico 0.17 0.13 1.30 1.03 2.47 1.96
Peru 0.27 0.84 0.99 3.09 2.02 6.31
Russia 0.58 0.40 2.85 1.82 5.32 3.68
Spain 0.25 0.53 1.83 3.75 3.77 8.04
South Africa 0.09 0.16 0.91 1.58 1.81 3.13
Sweden 0.05 0.50 0.34 3.32 1.08 10.6
United Kingdom 0.28 0.42 2.08 2.77 4.62 6.97
United States 2.22 0.68 17.5 5.35 33.2 10.1

All data from www.covid19.who.int

British Journal of Biomedical Science | Published by Frontiers September 2022 | Volume 79 | Article 104263

Blann and Heitmar COVID-19

http://www.covid19.who.int/


on 23 January 2020. Italy reported its first two patients on 29
January, precipitating the Italian epidemic and thus also the first
hard data of the infection in Europe. Data from 2,619 Italians with
proven COVID-19 (17) pointed to high frequencies of co-
morbidities of hypertension (68.5%), type 2 diabetes (30.9%),
ischaemic heart disease (28.7%), atrial fibrillation (22.3% and
chronic renal failure (20.4). Only 3.8% of patients failed to have a
co-morbidity. Leading symptoms were fever (76.2%), dyspnoea
(73.5) and cough (38.5%), with 20.3% requiring intensive care. A
subsequent report (18) of 4551 symptomatic subjects found
58.3% to be infected, of whom 40% were hospitalised and of
whom 20.2% died (8.2% of the infected cohort). Leading co-
morbidities in those admitted were as in the work of Canveli et al.
(17), to which dyslipidaemia (72.0%), chronic obstructive
pulmonary disease (COPD, 71.1%), heart failure (70.1%),
cancer (55.5%), obesity (52.3%) and dementia (46.7%) were
added. However, of these, coronary heart disease, dementia,
diabetes, hypertension, heart failure, cancer, and arrhythmia
were significant predictors of death.

The index case for the epidemic in Spain was not identified,
the first two confirmed cases being reported on 27 January
2020. Subsequently, infections, hospitalisations, and death
(250,000 cases and 25,000 deaths within 8 weeks)
proportionately exceeded those of Italy. Epidemiological
audits were broadly similar to those from Italy, but in
addition, factors measured 72 h after admission to ICU and
that predicted death included poor oxygenation, increased
white cells and neutrophils, creatinine, urea, lactate
dehydrogenase, procalcitonin, D-dimers and a reduced
lymphocyte count (19). Notably, these data from Italy and
Spain effectively confirmed those from China (14–16).
Random sampling from over 35,000 Spanish households
indicated an infection rate of 1 in 20 (20). The adverse
course of the epidemic in Spain was ascribed to a
disproportionate loss of health care workers, shortage of

diagnostic tests and personal protective equipment, and a
late social lockdown, among other factors (21).

Appearance of the Virus in the
United Kingdom
Before Wuhan was put into lockdown and the airport closed on
23 January, 17 direct passenger flights had already landed in the
UK and over 600 from the whole of China. The UK’s “Patient
Zero” was likely to be two individuals, also from China, and
diagnosed on clinical grounds on 27 February 2020. It was also
noted that many UK residents returned from holiday in northern
Italy, and so may well have brought the virus with them. As
borders were open, and with many UK residents visiting Spain, it
is also likely that this nation was an additional source. On 11
March, Liverpool Football Club hosted 3,000 visiting fans from
Madrid: a week later the Government announced the school
closures, and on 26 March, lockdown measures came into force.

Table 4 shows data on the number of cases and case fatality in
certain European nations at a key milestone of the pandemic, the
middle of June 2020, being 6 months from the initial description
of the disease (1–4). These data underline considerable variation
in national responses to the disease, from both the authorities and
the populations themselves. Since the populations of these

TABLE 3 | Data on COVID-19 deaths from selected nations.

Nation Mid-June 2020 Mid-December 2020 Mid-June 2021

Deaths (103) Deaths
(% of population)

Deaths (103) Deaths
(% of population)

Deaths (103) Deaths
(% of population)

The world 486.2 <0.01 1752.7 0.02 3860.8 0.05
Argentina 0.98 <0.01 41.7 0.09 88.2 0.20
Australia 0.1 <0.01 0.9 <0.01 0.9 <0.01
Brazil 48.9 0.01 185.6 0.06 498.5 0.15
China 4.6 <0.01 4.8 <0.01 5.4 <0.01
Columbia 1.5 <0.01 40.0 0.08 98.7 0.20
France 29.5 0.04 60.0 0.09 109.8 0.16
Germany 8.9 0.01 26.0 0.03 90.4 0.11
India 13.3 <0.01 145.5 0.01 386.7 0.03
Italy 34.6 0.06 68.4 0.11 127.3 0.21
Mexico 20.4 0.02 117.2 0.09 230.9 0.18
Peru 32.0 0.10 91.6 0.29 189.9 0.59
Russia 8.1 0.01 50.8 0.03 129.4 0.09
Spain 29.7 0.06 52.1 0.11 81.1 0.17
South Africa 1.87 <0.01 24.5 0.04 59.8 0.10
UK 39.8 0.06 67.1 0.10 128.0 0.19
United States of America 120.1 0.04 319.0 0.10 596.1 0.18

All data from www.covid19.who.int

TABLE 4 | Cases and deaths in Europe by mid-June 2020 of the first wave.

Nation Cases Deaths % Deaths of cases

France 230 44 19.0
Germany 225 11 4.7
Italy 390 57 14.5
Spain 525 63 12.0
Sweden 504 50 9.9
The UK 444 63 14.2

Data adjusted for 100,000 of the population.
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nations are genetically and demographically broadly equivalent, it
follows that differences must be due to data collection, and the
policies and practices of each nation, such as themandatory use of
face masks, social distancing, self-isolation when symptomatic,
and the closure of schools and other establishments (22–28).

THE PATHOLOGY OF COVID-19

The Lung
The leading pathology reported from Wuhan was an atypical
pneumonia, confirmed in Europeans, which in many cases
deteriorated to acute respiratory distress syndrome (ARDS)
with hypoxia (14–19). In the face of a potential pneumonia
(or, indeed, any such pulmonary condition), lung function
may be assessed by peripheral blood oxygenation, the most
simple being the transdermal oxygenation sensor that fits on a
finger. Ideally, this would give a result ≥95%, levels below this
implying poor pulmonary oxygen uptake. Amore precise method
provides the partial pressure of blood oxygen (pO2), and its ratio
with the fractional inspired oxygen (FiO2), hence pO2/FiO2. A
ratio of 400–500 mm Hg is expected in healthy individuals and
falls with increasing severity of acute respiratory disease. This is
likely to be important in assessing those that may require
mechanical ventilation and/or intensive care.

X-rays provide limited information (e.g., shadowing),
although CT and MRI are more helpful in defining pulmonary
lesions, the leading sign being “ground glass opacity,” present in
20–60% of cases (29). Hypoxia, reflecting poor lung function, is a
risk factor for admission to intensive care and death (30), whilst
existing interstitial lung fibrosis (ILF) before a COVID-19
infection brings a hazard ratio (HR)[95% confidence interval
(CI)] of 1.6 (1.17–2.18) for survival, rising to 1.72 (1.05–2.83) in
those with a forced vital capacity ≤80%, and to 2.27 (1.9–3.71) in
those with obesity and ILF (31). A long-term consequence of
acute lung damage is irreversible ILF (32), and this is a likely
component of long Covid (33).

Inflammation
The leading aetiology of pneumonia is local inflammation,
impossible to confirm in the absence of an alveoli biopsy,
although lower lung washing can provide clues (e.g., the
presence of leukocytes, which may also contain a potentially
pathognomic microorganism that may be causing pneumonia)
(34). Nevertheless, analysis beyond the lung function tests
described above requires a peripheral blood sample, likely to
indicate an acute phase response. Studies from China, almost all
confirmed in Europe, point to a number of laboratory
abnormalities, although many are to be expected as part of the
response to viral infections (Table 5). Increased levels of markers
of the acute phase response (typically, C-reactive protein), and
levels of cytokines (including IL-6, IL-8, IL-10 and tumour
necrosis factor-α), led to the concept of the cytokine storm
(also described as the cytokine release syndrome), an
expression first used in graft versus host disease (35) but also
used in the context of inflammatory connective tissue disease,
influenza, and SARS-CoV-1 (36–39). This principle suggests the

broader pathological effects of a SARS-CoV-2 infection are
mediated by excessive levels of pro-inflammatory cytokines. A
corollary of this theory predicts that targeting key cytokines is an
effective treatment, as appears to be the case for IL-6. Zhang et al.
have hypothesised that the benefit of JAK-STAT inhibitor
baricitinib in patients with active rheumatoid arthritis and
systemic lupus erythematosus may benefit those with a severe
COVID-19 infection (40), as patients with these conditions (41)
likely to be experiencing a cytokine storm.

Coagulopathy
Arterial and venous thromboses are potential consequences of
a COVID-19 infection (41). Increased levels of D-dimers,
alongside thrombocytopenia, increased soluble P selectin
(reflecting platelet activation), with prolonged prothrombin
and partial thromboplastin times, may be interpreted as being
linked to this increased risk (41–43). A small study reported
the incidence of thrombotic complications in those critically ill
patients to be 31% (44). The precise aetiology of the
coagulopathy is unclear, but may be in part due to the
cytokine storm and/or altered vascular function.

A healthy endothelium is essentially anti-coagulant: a
damaged endothelium is pro-coagulant. The likelihood of
endothelial cell damage is suggested by increased levels of von
Willebrand factor and soluble thrombomodulin (45), although
the origin of the increases (lung and/or general circulation)
cannot be determined. Nevertheless, an increased von
Willebrand factor may contribute to thrombosis by cross-
linking platelets (46). Given the above, there is considerable
interest in prophylactic and therapeutic anti-coagulant and
anti-thrombotic therapy (47). However, although a moderate
dose (150 mg) of aspirin daily in patients admitted to hospital
resulted in a lower incidence of thrombotic events and a higher
proportion discharged alive, there was an increased incidence of
haemorrhage (48).

EPIDEMIOLOGY OF COVID-19 IN THE
UNITED KINGDOM

Risk Factors Revisited
In one of the largest studies on the UK population, Clift et al. (49)
reported data on over 6million persons from1,205General Practices
in England. Of these, 10,776 [mean age (standard deviation) 69.6
(17.9) years, 55.5% men] were admitted to hospital with a proven
SARS-CoV-2 infection, and of whom 4,384 [age 80.3 (12.1) years,
57.4% men] subsequently died. Risk factors for hospital admission
and death are shown in Table 6, ranked by hazard ratio and headed
by Down’s syndrome, renal transplantation, both types of diabetes
and residential or care home. Interestingly, with an adjusted hazard
ratio of 0.84 (95% CI 0.73–0.97), asthma brings a significant
reduction in the risk of death in women, but not in men [HR
(95% CI) 1.03 (0.91–1.17)], whereas it contributes to an increased
likelihood of admission in both sexes.

These data, in addition to age, sex, UK postcode (as a marker
of social deprivation), rare lung conditions (such as cystic
fibrosis), body mass index and other features were used to
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model a calculator for the risk of COVID-19 associated hospital
admission, and death (50). With this model, a 67-year-old white
British man with coronary artery disease, a BMI of 25.8, and no
other risk factors has an associated risk of hospital admission of
0.1394% (1 in 717) and an 0.0444% risk of death (1 in 2252).
Compared to an age-matched man free of these risk factors, these
bring relative risks of 1.045 for admission and 1.13 for death.
Similarly, a 57-year-old Indian woman with a non-renal solid
organ transplant on immunosuppression (requiring shielding in
2020) and a BMI of 25.0 with no other risk factors has risks of
0.405% (1 in 247) for admission and 0.039% (1 in 2564) for death.
Compared to an ethnicity and age-matched woman free of these
risk factors, these bring relative risks of 8.22 for admission and
6.96 for death. These data are likely to be modified in those who
are vaccinated, in that those who are vaccinated are less likely to
be infected, admitted to hospital, or die.

The Three Waves
A view of theWHO’s COVID-19 dashboard (2) shows four cycles
of cases, with peaks in January, April, and August 2020 and
January 2022 (and possibly inMarch 2022) (Figure 1), the precise

reasons for which are unclear but may reflect the differing
infectivity of variants of the original SARS-CoV-2. Similarly,
there were peaks in the number of deaths in January (103,228
in the week of 18 January), April (96,071 in the week of 26 April),
and August 2021 (71,012 in the week of 23 August), with a fourth
in February 2022 (76,118 in the week of 7 February), which may
reflect a combination of the infectivity and lethality of the
variants.

The UK also experienced cycles, described as waves, some at
different times to those globally. The key metrics provided by the
WHO are the number of confirmed UK cases (Figure 2) and
number of deaths (Figure 3), and although these do not align
perfectly with global waves. Nevertheless, taking a cut-off point as
the trough in deaths between the peak, the pandemic in the UK
may be considered as having lasted from February to August
2020, September 2020 to mid-May 2021, and mid-May 2021 to
the spring of 2022. Each had its own character—the first, lasting
perhaps 31 weeks, was dogged by inexperience with this form
of an acute pandemic and a lack of general overall planning
and best-practice responses (the first rapid NICE guidelines
being published in April 2020). The second wave of perhaps

TABLE 5 | Laboratory abnormalities in COVID-19.

Increased levels/numbers Total white cell count, neutrophil count, erythrocyte sedimentation rate, lactate dehydrogenase, aspartate aminotransferase,
D-dimers, soluble P-selectin, creatine kinase, pro-calcitonin, IL-6, ferritin, C-reactive protein, troponin-I, N-proBNP.

Decreased levels/numbers Lymphocyte count, CD3+ve, CD4+ve and CD19+ve lymphocytes, platelets, albumin, sodium, haemoglobin, urea.

From references 13–18 and elsewhere

TABLE 6 | Risk factors for hospital admission and death in England in a COVID-19 infection.

Risk factor Admission (men) Admission (women) Death (men) Death (women)

Down’s syndrome 4.36 8.84 9.80 32.55
Renal transplant 7.09 5.54 3.20 7.84
Type 1 diabetes 3.66 4.03 5.84 4.02
Type 2 diabetes 2.57 2.64 4.74 6.29
Residential or care home 2.52 1.84 4.28 3.61
Chronic kidney disease 5.03 2.75 2.27 2.09
Cerebral palsy 2.85 2.66 2.77 3.45
Dementia 2.12 1.73 3.14 2.91
BAME 2.08 1.79 2.16 1.56
Epilepsy 1.75 1.57 1.60 1.58
Social deprivation score 1.46 1.52 1.50 1.48
Congestive cardiac failure 1.33 1.38 1.40 1.37
Chronic obstructive pulmonary disease 1.36 1.34 1.25 1.50
Stroke 1.31 1.39 1.24 1.34
Peripheral vascular disease 1.27 1.21 1.38 1.42
Severe mental illness 1.28 1.37 1.26 1.29
Thromboembolism 1.30 1.34 1.36 1.18
Atrial fibrillation 1.19 1.34 1.11 1.18
Coronary heart disease 1.06 1.11 1.13 1.24
Asthma 1.10 1.12 * 0.84
Blood cancer 1.29 1.40 * 1.50
Respiratory system cancer 1.44 1.65 * 1.70
Parkinson’s disease 2.05 1.70 1.93 *
Rheumatoid arthritis or SLE 1.30 1.35 * 1.32
Liver cirrhosis 1.88 1.83 * 1.85

Data are adjusted hazard ratios for the particular risk factor. All are significant at p < 0.05 except*. BAME, black, Asian, and Minority Ethnic; SLE, systemic lupus erythematosus. Modified
from Clift et al. (41).
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37 weeks saw two national lockdowns, the first being most of
November 2020 and the second from early January to early
March 2021.

The third wave was prolonged and, unlike its predecessors,
had three sub-waves. Starting in June 2020, the first sub-wave’s
infections, admission and deaths were reasonably constant up to
the end of November in which month there were 241,000 cases/
week and 985 deaths/week: a case fatality rate (CFR) of 0.4%. The

second, lasting from December to February, saw a great increase
in the number of cases at 655,406/week, but with a smaller
increase of 1,311 deaths/week, and so reduced CFR of 0.2%.
The end of February saw the change from the second to third sub-
wave of March and April, which saw 356,377 cases/week and
1485 deaths/week with a CFR of 0.4%.

Table 7 shows the number of cases and deaths in each wave
in comparison to the average rates of death for the equivalent

FIGURE 2 | Cases vs. Week of the pandemic. Source: Office for National Statistics (http://ons.gov.uk). Week 0 = 3 February 2020, Week 60 = 22 March 2021,
Week 120 = 16May 2022. Note the failure of the peaks to overlap in sequence with data in Figure 3, and the very minor peak of the first wave (week 10) compared to the
peaks that follow. The three sub-waves from week 75 are clear.

FIGURE 3 | UK deaths vs. Week of the pandemic. Source: Office for National Statistics (http://ons.gov.uk). Week 0 = 3 February 2020, Week 60 = 22March 2021,
Week 120 = 16May 2022. Note the failure of the peaks to overlap in sequence with data in Figure 2. Deaths in the third wave fromweek 80 are small compared to waves
one and two.
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pre-Covid period during 2015–2019. A number of
observations are pertinent. In the first wave, the number of
deaths exceeds the number of cases probably because of failure
to correctly describe a case, itself due to lack of awareness and
objective scientific testing. Although imperfect, deaths in
England and Wales due to COVID-19 may be represented
by the difference in the number of deaths compared to those
for the same period in the pre-COVID-19 era (2015–2019)
(Figure 4). These data point to over 54,000 excess deaths in the
first wave, over 43,000 in the second, and over 21,000 in the
third (the latter up to April 2022). However, in the first
12 weeks of 2022, there were 141,000 deaths compared to
175,000 in 2021 and an average of 149,000 in the 5-year
pre-COVID-19 period.

Time will tell if there will be a fourth wave. The infection is, as
with influenza, destined to become endemic and calls for annual
vaccinations (51–54). This will be tempered by the grim
knowledge of a potential additional variant resistant to these
vaccinations.

MANAGEMENT OF COVID-19

In many respects, it could be argued that SARS-CoV-2 is “simply”
another virus, especially from the structural point of view, and as
a pathogen it shares much with many other viruses—influenza
comes to mind. For example, as with others, there is a spectrum of
its effects on a population, from asymptomatic, via pneumonia, to
lethal (although not as lethal as some), and its detection and
management have much, if not all, in common with other
respiratory viruses. Some of this variability may be explained
by risk factors, particularly diabetes, hypertension, and COPD,
but there is growing evidence on immune response genes,

particularly in HLA and cytokine responses, whilst genome-
wide association studies have identified loci at 3p21.31 and
9q34.2 that are linked to severity (55). Nonetheless, treatment
follows symptoms, developing from general medications for mild
disease to mechanical respiratory support for those with hypoxic
acute respiratory distress syndromes.

Proven pharmaceutical treatments for those in hospital include
immunosuppression with dexamethasone and tocilizumab
(targeting the IL-6 receptor), the anti-viral agent molnupiravir
(acting on the viral RNA polymerase), and the selective serotonin
reuptake inhibitor fluvoxamine (56–59). The WHO and the UK’s
National Institute for Health and Care Excellence (NICE) have
published guidelines (60, 61). Ritonavir, a protease inhibitor used
to treat HIV, is effective in reducing admissions to hospital in those
in the community with mild to moderately-severe disease (62).
Other treatments includemonoclonal antibodies targeting the viral
spike protein, which must be infused intravenously (63, 64). One
such product, sotrovimab, trialled in non-hospitalised high-risk
patients with mild tomoderate disease, was linked to a reduction in
the primary outcome of all hospitalisations (adjusted relative risk
0.21, 95% CI 0.09–0.50) and four out of five secondary outcomes
(including reduced emergency department visit, reduction in viral
load, and progression to severe disease) (65). A similar study in
patients with mild to moderate disease found that treatment with
bamlanivimab and etesevimab was linked to a significant reduction
in hospitalisations and visits to an emergency department
alongside a reduction in viral load (66).

From December 2021, molnupiravir and the monoclonal
antibody Ronapreve were made available to individuals who
were positive for SARS-CoV-2 and who were at the highest
risk of COVID-19, many of which are shown in Table 6.
These include people with Down’s syndrome, multiple
sclerosis, motor neurone disease, Huntington’s disease,

FIGURE 4 | Deaths in England and Wales in the Covid vs. Pre-Covid periods. Source: Office for National Statistics (http://ons.gov.uk), data from England and
Wales. Week 0 = 3 February 2020, Week 60 = 22 March 2021, Week 120 = 16 May 2022. Where the line dips below zero, there were fewer Covid deaths in 2020–2021
than in 2015–2019.
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myasthenia gravis, sickle cell disease, certain types of cancer, HIV
or AIDS, a severe liver condition such as cirrhosis, a recent organ,
bone marrow or stem cell transplant, a condition likely to lead to
infections, and certain types of chemotherapy and radiotherapy
within the last 2 weeks (67).

VACCINATION

The Vaccines
By early April 2022, the WHO reported 276 vaccines in
development, 109 in clinical testing, and 24 in use (68),
although four dominate in the United States and Europe.
Two of these are based on viral vectors (those from Oxford/
Astra Zeneca and Janssen/Johnson & Johnson), and two
deliver mRNA within a lipid nanoparticle (produced by
Pfizer/BioNtech and by Moderna) (1). Those widely used in
the UK are those of Oxford Astra-Zeneca (ChAdOx1),
Moderna (mRNA-1273), and Pfizer-BioNtech (BNT162b2)
(69–71), with several systematic reviews available on these
and other vaccines (72–74).

Although differences in the format of clinical trials (age, sex,
co-morbidities, etc.) bring difficulties in direct comparison
between the vaccines, an independent field study reported
28–34-day vaccine effects against hospital admission of 88%
(95% CI 75–94) and 91% (75–84) for the Oxford Astra-Zeneca
and Pfizer-BioNtech vaccines, respectively (85). Of 2,572,008
Scottish people with at least one vaccination, 1,196 (0.046%)
had severe COVID-19, 883 (0.034%) were admitted, and 541
(0.021%) died. Of those receiving the Oxford Astra-Zeneca and
Pfizer-BioNtech vaccines, severe COVID-19 outcomes were
found in 0.41% and 0.53% respectively. However, in those
aged 80 years and older, the Pfizer/BioNTech vaccine brought
an event rate of 6.3%, compared to 1.06% in those vaccinated with
the Oxford/Astea Zeneca product (86). Either product was used
in mass-vaccination of the UK population in 2021 using two
doses, although heterologous vaccination (two vaccines of
different biology) also provides a robust immune response
(87). By 10 April 2020, 91.9% of the eligible UK population
had received their first dose, 86.1% their second dose, and 67.7% a
third dose (88). Around this time, a major university teaching
hospital in the Midlands reported that 90% of its staff had
received one dose of a vaccine, 86% two, and 57% three doses,
whilst 69% of their patients had been vaccinated. The Moderna
mRNA product (71) entered the UK vaccination programme
during the summer of 2021.

Side-Effects
Despite the clinical effectiveness of the vaccines, as with any drug,
and certainly with other vaccines, there were notable adverse
reactions, which vary in severity between the different vaccines
(Table 8). In almost all instances, the frequency of reported side
effects was inversely proportional to age (89, 90). The Pfizer/
BioNtech product causes around 11 allergic reactions per million
doses so it should not be used in those with hypersensitivity
issues. Similarly, the Moderna mRNA vaccine links to 2.5 cases of
anaphylaxis per million doses (91, 92). Those vaccinated with

Oxford/Astra Zeneca and Janssen/Johnson & Johnson products
are at risk of venous thrombosis and/or thrombocytopenia
(subsequently named vaccine-induced immune thrombotic
thrombocytopenia, VITT) at frequencies of 7–10/million and
3/million, respectively (93). Although there is no exact parallel in
non-viral pathology, the nearest conditions, immune
thrombocytopenia purpura and thrombotic cytopenic purpura,
present at frequencies of around 27/million and 11/million
respectively. The precise pathophysiological link between the
vaccine and VITT is unclear, but the thrombocytopenia can be
accounted for by antibodies to platelet factor 4, as are present in
heparin-induced thrombocytopenia. Klok et al. (94) describe
VITT as an autoimmune condition, with anti-PF4 antibodies
contributing to platelet activation and platelet microparticle
release, and so a consumptive coagulopathy that accounts for
the thrombocytopenia, but also possible hypofibrinogenaemia.
NICE has published a guideline (NG200) on the diagnosis (based
specifically on a platelet count, which, if low numbers are found,
should be followed up with a coagulation screen) and
management of this condition (such as the possible need for
anticoagulation, probably with a non-heparin drug) (95).

A perspective of COVID-19 vaccines against other vaccines
and the dangers of not vaccinating is warranted. A case series of
reports estimated additional myocarditis cases at 1 to 2 per
million for the first dose of the AZ/ChadOx1 and Pfizer/
BNT162b2 vaccines and 6 per million for the Moderna/
mRNA-1273 vaccine. These risks should be considered against
the risk of 40 myocarditis events per million during the month
after a SARS-CoV-2 infection. Similarly, the pre-pandemic
incidence of clinical myocarditis in the general population is
around 13/million. The incidence in those hospitalised and
unvaccinated with SARS-CoV-2 is 2261/million, but the
incidence in those vaccinated = 21/million (76). The incidence
ratio for pulmonary embolism has been reported as being 1.21
(95% CI, 1.07–1.36) after vaccination with BNT162b2, consistent
with that seen after ChAdOx1 vaccination. Notably, the increased
risk of this possibly fatal thrombosis in COVID-19 patients is
15.31 (95% CI 14.08–16.65) (77).

In an analysis of 48,159 individuals, 22.6% vaccinated with
an anti-SARS-CoV-2 product reported an adverse event. This
figure is exceeded by the 25.7% reporting an adverse event
after influenza vaccination and 25.1% after a Herpes zoster
vaccination. Of 268,438,666 doses of a SARS-CoV-2 vaccine
administered, 227,616 adverse events were reported—a rate
of 0.08%. This data included 4110 deaths, a frequency of
0.0015%, which compares with the case fatality rate defined
by the WHO (at the time) in those infected with SARS-CoV-2
of around 1.8% (78). However, of more than 8 billion doses of
COVID-19 vaccines administered worldwide, Maiese and
others found only 55 cases of death temporally correlated
with vaccination, and in 17 of these a causal relationship has
been excluded (79).

Boosting Vaccination
Developing data indicated that certain high-risk groups
(estimated at 1.3 million people), such as those
immunosuppressed (80), failed to generate a sufficiently high
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titre of protective antibodies, these being linked to vaccine
efficiency (81), and were therefore at risk of infection. One
study pointed to falling titres of antibodies with age: at day
119 after vaccination, a median titre of 235,228 IU/ml in those
aged 18–55, 151,761 IU/ml in those aged 56–70 and 157,946 IU/
ml in the over 70s (82). As isolated studies in selected groups and
case reports indicated that a third boosting vaccination in these
groups was effective in increasing immune responses (83, 84), this
strategy was rolled out in the UK in the Autumn of 2021. The
protocol was as effective as in the original vaccinations, i.e., those
at highest risk first, followed by other groups. By 10 April 2022,
over two-thirds of the eligible UK population had received a
booster dose or third dose (88), a process enhanced by the
appearance of the Omicron variant in December 2021 (see
below). In the spring of 2022, the most vulnerable (e.g., those
immunosuppressed) were offered a fourth dose, some with the
Moderna vaccine.

Effects of Vaccination
A study from Israel indicated that, in all age groups, as vaccine
coverage increased, the incidence of SARS-CoV-2 outcomes
declined (96), whilst as early as May 2021, the National
Institutes of Health estimated that vaccination had prevented
140,000 deaths in the United States (97). In September 2021, the
UK Health Security Agency estimated that between 119,500 and
126,800 deaths, over 230,000 hospitalisations, and around 24
million infections had been prevented by vaccination (98, 99). Of
1.24 million users of a COVID symptom reporting app who had a
single vaccine dose, 0.5% subsequently tested positive for SARS-
CoV-2, a figure falling to 0.2% from 971,504 who had two doses
(98). Furthermore, almost all symptoms were reported less
frequently in infected vaccinated individuals than in infected
unvaccinated individuals, and vaccinated participants were more
likely to be completely asymptomatic, especially if they were
60 years or older (100).

An unanswered question is the longevity of the effects of the
vaccines, which by definition is (as yet) unknown. Regular testing
for antibody and cellular responses will determine any such
effects and thus also the need for re-vaccination (101, 102).

VARIANTS

Soon after the genome of SARS-CoV-2 was published, often
described as the Wuhan, wild-type, or ancestral genome, local
variants were reported, reflecting the natural mutation rate in any
simple organism. The most important mutations are those
leading to changes in the tertiary structure of the spike
protein, a highly-glycosylated 1273 amino acid, 180–200 kDa
trimer by which the virion binds ACE2 (4–9). The protein
binds to target cell ACE2 via residues 319–541 on the S1
subunit, which make up the receptor binding domain, the
entire subunit being amino acids 14–685 (103).

One of the first variants of potential importance was a single
nucleotide polymorphism (SNP) causing the change of aspartic
acid to glycine at position 614, hence D614G, described in April
2020 (104). This mutation, although outside the receptor-binding
domain, increased spike density and infectivity (105). As they
appeared, the international consensus named variants by Greek
letters of the alphabet and a code of the letter B followed by a
numerical designation based on molecular genetics (the
Phylogenetic Assessment of Named Global Outbreak;
PANGO) (106).

In the UK, the identification and spread of variants were
monitored by the COVID-19 Genomics UK consortium (107).
Early variants were named B.1 and B1.1, although perhaps the
first to generate international attention was B.1.177, characterised
by an SNP mutation leading to A222V in the spike protein’s
N-terminal domain, which appeared in Spain in the summer of
2020 (108). By November 2020, it became prevalent in 65% of all

TABLE 7 | Cases and Deaths in the three COVID-19 waves in the UK

Datesa Wavea

1st 2nd 3rd part 1 3rd part 2 3rd part 3

February–August
2020

September 2020–Mid-
May
2021

Mid-May
2021–November

2021

December
2021–February

2022

February
2022–April

2022d

Duration (weeks) 31 37 28 17 9
Total UK Cases (n, millions)b 0.34 4.11 5.93 8.26 3.15
Mean UK Cases/week
(thousands)b

11.0 111.1 211.9 688.4 0.35

Deaths 2015–2019c

(thousands)
310.7 393.8 265.0 145.5 84.9

Deaths 2020–2021c

(thousands)
365.5 436.8 289.6 142.4 85.2

Difference in deaths/week (n) +1,767 +1,162 +879 −259 +40
Difference in deaths/week (%) +17.6 +10.9 +9.3 −2.1 +0.4

aOther sources give alternative dates (e.g., refs 156–158).
bUK government figures.
cONS data from England and Wales.
dCut-off on 30 April 2022.
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sequenced genomes in England (109). However, others rapidly
appeared. Four such variants with marked clinical features
appeared in late 2020 and early-mid 2021 (110) and were
named “variants of concern” (VOC), whilst others of less
concern were named “variants under investigation” (VUI).

The Alpha Variant
This first VOC, also named B.1.1.7, was characterised by N501Y,
in the receptor-binding domain, whilst other changes included
A570D, D614G, and a deletion Δ69/70 in the N-terminal domain.
Appearing in the UK in the Autumn of 2020, with an R value of
1.75 (111) and with increased transmissibility, estimated at
50%–75%, it became the dominant strain at the end of 2020,
with an incidence of 98% by the spring of 2021. A further
mutation was that which led to E484K, which increases viral
replication in human upper airway cells and increases ACE2
affinity (112). This variant is reported to have been responsible
for the peak of infections of the second wave from December to
February 2021 (113), and by April 2021 the frequency of the
previously dominant variant, B.1.177, had fallen to less than 10
cases a day (114).

The Beta and Gamma Variants
B.1.351 (Beta), originally identified in South Africa in late 2020,
was characterised by A701V, D215G, and D80A at various places
in the spike protein and K417N, E484K, and N501Y in the
receptor-binding domain (115). In early 2021, B.1.1.248 (P1,
gamma) appeared in Brazil, characterised by mutations
K417T, but also E484K and N501Y (116). However,
developing data showed low rates of infection and low case
fatalities in the UK (117), and despite which, these variants
remained VOCs through to December 2021 (118)

The Delta Variant
Variant B.1.617 was first described in India in late 2020, appeared
in the UK in March 2021, and was classified as a VOC in April
2021 with at least three sub-variants, the most important being
B.1.617.2, the variant B.1.617.1 being named Kappa. The defining
SNPs for Delta produced T19R, L452R, T478K, P681R, and
D950N in the spike protein; S26L, M18T, V82A, and T120I in
an open reading frame; and D63G, R203M, and D377Y in the
nucleocapsid (119). Notably, this variant did not contain the
N501Y or E484K mutations of previous variants, enabling easier
laboratory detection.

With an increased transmissibility of 60% and an R-value
estimated as 7 (120), this variant displaced B.1.1.7 to become the
dominant strain in the UK in July 2021. Although the case fatality
rate was only around 10% of that of B.1.1.7 (121), it was reputed
to be responsible for the early phase of the third wave in the late
summer of 2021 (114). However, this data focussing on death
(Table 7) fails to address the issue of out-of-hospital morbidity,
although the Delta variant brought an increased adjusted HR
(95% CI) for hospital admission versus the Alpha variant of 2.26
(1.32–3.89), with a similar trend for emergency care attendance
or hospital admission [1.45 (1.08–1.95)] (122). A further notable
statistic of this analysis from England only is that the white/Black/
Asian ethnicity make-up of those positive for Alpha was 74.8%,

2.5%, and 14.8%, respectively, whilst of those positive for Delta,
the proportions were 48.5%, 3.8%, and 37.8%, respectively, a
difference of exceptionally high statistical significance (chi-
squared = 2667.1, p < 0.00001) (122). However, this
potentially biased raw data is unadjusted for other factors
known to influence outcomes, such as age, sex, vaccination
status, and index of multiple deprivations, so an adjusted
significance is likely to be different.

The Omicron Variant
VB.1.1.529 emerged in Botswana, Hong Kong, and South Africa
in November 2021 and was named a VOI on 26 November (123).
It was of interest as it carries 32 spike protein mutations (mostly
SNPs, some deletions), several of which were within the receptor-
binding motif formed from amino acids 333–537, i.e., S371L,
S373P, S375F, K417N, N440K, G446S, S477N, T478K, E484A,
Q493R, G496S, N501Y, and Y505H (124, 125). It was argued that
these mutations may change the behaviour of the variant as
regards transmissibility, infectivity, immune escape, and
pathogenicity, as was the case of other variants, and Omicron
was designated VOC a week later (126, 127). The variant was
estimated to have a reproduction number of around 10 (120), that
being over three times that of the Delta variant (128), amply
explaining its rapid dissemination.

On 12th December 2020, 6 people in England were infected
with the Beta variant, rising to 95 people a month later. Similar
data for the Gamma variant was 5 and 12, and for the Delta
variant, it was 6 and 156 cases. By contrast, on 12 November 2021,
there were 5 cases of an Omicron infection, but an astonishing
15,287 a month later (129). On 30 December, very early data on
198,348 cases in England reported 815 hospitalisations (0.41%)
and 54 deaths (0.027% of cases, 6.6% of admissions) (130).
However, these data fail to provide information on those
taken out of the workforce by an infection, a topic particularly
relevant for front-line hospital staff who were most at risk of
infection and whose absence placed a strain on the care of those
admitted with any health issue.

At the global level, the Omicron variant is a likely cause of the
considerable increase in the number of cases, with new records
being set. The previous weekly record was 5.7 million cases in
April 2021, surpassed by the 10 million confirmed cases on 27
December 2021, 15.8 million on 3 January 2022, 20.5 million on
10 January, 23 million on 17 January, and 23.3 on 24 January,
levels falling thereafter but with a small increase in mid-March
2022 of 12.7 million weekly cases (2) However, this increase in
cases was not linked to a parallel increase in the number of deaths,
which peaked at around 76,000 in early February 2022. Thus, the
case fatality rate fell from around 2.7% at the end of January 2021
to 0.3% a year later (2).

Taking the viral-neutralising titre of serum towards an early
pandemic strain of the virus to be 100%, the median neutralising
titre towards the Beta, Delta and Omicron variants was 31.6%,
39.1% and 7.5%, respectively in subjects double-dosed with the
Oxford/Astra-Zeneca vaccine. Similarly, titres in those double-
dosed with the Pfizer/BioNtech vaccine were 34.7%, 84.4%, and
3.4%, respectively. These data imply the possibility of reduced
effectiveness of these vaccines against the Omicron variant, which
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may part-explain its highly contagious nature (131). Despite this
very high rate of infectivity, Omicron infection carried an
adjusted HR (95% CI) for presentation to emergency care or
hospital admission of 0.62 (0.55–0.69) compared to the Delta
variant, and 0.38 (0.30–0.50) for hospital admission alone (129).

The Omicron BA.2 Variant
This variant of a variant was first described as a global (but not the
UK) variant upon monitoring on 10 December 2021, but a week
later it had moved to a UK variant upon monitoring and a VUC
on 23 December (129, 132, 133). It was designated a VIU on 19
January 2022 and a week later was noted to have an increased
growth rate, described at ‘substantial’, compared to the original
Omicron BA.1 variant, with a doubling time (100%) of around a
week although this settled a little to 80% (134). Subsequent data
from 25 March 2022 showed a hazard ratio of 0.91 (95% CI
0.85–0.98) for risk of hospitalisation due to BA.2 to be slightly
reduced compared to BA.1 (135).

An early population study of 2,623 cases of BA.2 infection
reported no differences in hospitalisation of 423 people due to
BA.2 compared to BA.1 with an adjusted risk ratio (95% CI) of 1.2
(0.93–1.54) or in vaccination history (136). However, a small
study of 207 young (median age 39) patients positive for BA.2 and
2,793 age- and sex-matched patients positive for BA.1 found
hospitalisation rates of 6.3% and 1.45, respectively (p <
0.0001) (137).

Molecular genetics of these viruses found new mutations
leading to T376A, D405N, and R408S in the receptor-binding
domain of BA.2 (136). These differences seem likely to be
responsible for the differences in binding activities of
monoclonal antibodies towards BA.1 and BA.2, as has been
shown for the Delta variant (138). However, others found
equal median titres of neutralising antibodies to both variants
in those who received a BNT162b2 booster vaccine (139), whilst
another group reported that currently available vaccines might be
more effective against BA.2 and BA.1 (140).

Variants Under Investigation
As is implicit, these variants are (when first recognised)
merely of interest, and are under surveillance, perhaps
because they have limited clinical relevance. Nevertheless,
some may be responsible for admissions and even some

deaths. By February 2020 five VIUs were reported, named
Zeta, Eta, Theta, Kappa and Lambda, with others (Epsilon
and Iota) being monitored (116). Of these, Eta and Kappa
were the most clinically relevant, with 443 and 446 cases, and
12 and 1 death, respectively. By November 2021 a variant of
Delta (PANGO 1.617.1) and a Mu variant were listed, whilst
the Zeta and Theta variants were de-escalated (123).
However, at this point a new variant, VUI-21Nov-01
(B.1.1.529), was first described, soon to be a VOC as
Omicron. By December 2021 the list of VIUs was reduced
to three, with nine being monitored (1286). Given the
experience of the past 2 years, it may be predicted that
new VUIs and VOCs will emerge.

Implications of Variants
The first wave of vaccines was based on the original Wuhan strain
of the virus, leading to fears of their lack of effect on variants with
different spike proteins (141, 142). Evidence in support of this
hypothesis included differing sensitivities of neutralising
antibodies and vaccine effectiveness against the different
variants (131, 136, 143, 144). A corollary of the changing
nature of the virus over time within a trial population is that
it is even more difficult to compare outcomes. For example, it has
been suggested that the Alpha variant was not circulating in the
trials of BNT162b2, mRNA-1273, and Ad26.COV2-S, but was
present in the trials of AZD1222, and of course that the Delta or
Omicron variants were not present in any population in any trial
(145). The same principle of spike protein variation implies
certain neutralising monoclonal antibodies raised against
certain variants may no longer be effective treatments for
newer variants (138–140, 146).

Despite these concerns, as of the end of December 2021, the
hospital admission rates and case fatality rates for COVID-19 in the
UK remained low, these being around 1% and 0.1% of cases
respectively (88). Furthermore, high levels of protection (>90%)
from hospitalisation and mortality due to the Alpha and Delta
variants are afforded by each of the three major vaccines (98).
Despite the seemingly poor response of convalescent and vaccine-
induced antibodies to the Omicron variant, the second part of the
adaptive response, SARS-CoV-2 specific T-cell responses, are
reportedly intact (147), and may help explain the relatively low
pathology of the virus.

TABLE 8 | Frequency of side effects in three vaccines.

Pfizer/BioNTech Moderna Johnson & Johnson

Mild to
moderate

Severe Mild to
moderate

Severe Mild to
moderate

Severe

Injection site pain 71.1 0.85 86.7 3.6 30.9 0.3
Headache 43.4 1.85 54.6 4.0 37.4 0.65
Fatigue 51.2 3.7 63.0 8.7 36.7 1.0
Myalgia 32.5 1.6 54.1 7.8 31.5 0.8
Vomiting 1.1 0.15 — — — —

Nausea — — 16.5 0.2 13.9 0.15
Fever 25.8 0.75 13.8 1.0 7.9 0.2

Data are % of patients reporting a side effect.
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Population Effects of Variants
Variant-specific UK government data on the first four VOCs and
some VIUs are presented in Table 9 (149). Despite the high
infectivity of the Delta variant, its fatality is a little over a quarter
of that of the Alpha variant, whilst Omicron, is the least fatal of all
variants, except one. Omicron is significantly less likely to be the
cause of hospital admission than Delta (129), but the high infectivity
rate with mild to moderate symptoms causedmany infected persons
to isolate themselves, with repercussions for employment and
staffing.

Although seemingly with a high case fatality rate, the Eta
variant, and its sub-variant VUI-21FEB-04, were de-escalated by
November 2021 (123). Although a VUI, the Delta sub-variant
VUI-21OCT-01 had a case fatality rate only a little less than the
major Delta variant, but by December 2020, the case tally had
risen to 108,507 (126).

LONG COVID

The normal distribution demands that in some, symptoms persist
long after the acute phase of the illness and manifest with a wide
selection of complaints.

Definitions
As in acute disease, the most common symptoms of long COVID
are fatigue (58%) and dyspnea (44%), arthralgia (27%), and chest
pain (22%) (Table 10), with around two-thirds reporting more
than one symptom (149–151). Symptoms may be present in
various physiological areas—pulmonary, haematological, renal,
endocrine, cardiovascular, neuropsychiatric, gastrointestinal,
hepatobiliary, and dermatologic—pointing to the need for a
multi-disciplinary approach (150, 151).

NICE recognises this in two stages: when symptoms extend from
4 weeks up to 12 weeks and then stop, “Ongoing symptomatic
COVID-19” is present. The full “Post-COVID-19”may be
described as signs and symptoms that develop during or after an
infection consistent with COVID-19 that continue for more than
12 weeks and are not explained by an alternative diagnosis. However,
“Post-COVID-19” syndrome may be considered before 12 weeks
while the possibility of an alternative underlying disease is also being
assessed (152). A WHO consensus document focussed on 27 signs
and symptoms (153), many of which are in common with the acute
phase (Table 10).

One review found little difference in the frequency of many signs
and symptoms between acute and long COVID-19 (e.g., fatigue 43%
versus 44% and anosmia 11% versus 10%, respectively), although the
frequency of others differed (e.g., dyspnea 31% versus 40%, throat
pain 6% versus 12%, and palpitations 6% versus 20%, respectively)
(154). One hypothesis to explain the broad nature of these signs and
symptoms is microvascular damage (155), whilst a small study of 31
subjects with long COVID and 31 age- and sex-matched controls
found elevated levels of interferons and IL6 in the former, who were
also more likely to have been hospitalised (156). Taking a holistic
approach, a score of health-related quality of life (e.g., SF-36) was
considerably worse in long COVID than in the acute phase, with a
larger difference in those with co-morbidity such as for overweight

and obesity, diabetes, and heart failure and in those admitted to
hospital (157).

Lung Disease
As the dominant clinical features of COVID-19 are pneumonia,
pneumonitis, and ARDS, a potential severe long-term consequence
is the clinically-recognised interstitial lung disease (ILD) (158). Post-
infection imaging often reveals pulmonary fibrosis, characterised by
excessive deposition of extracellular matrix material by fibroblast
secondary to the inflammation, whilst other methods point to
microvascular damage and microthrombi (159, 160), leading to
(at least) COPD and emphysema.

A small study from Wuhan indicated persistent radiological
changes in 24% of patients 12 months after the acute infection
(161). A study from Spain of 313 patients admitted to hospital
with COVID-19 pneumonia reported 55% to have objective lung
function <80% of that expected at 60 days post-discharge,
improving to 47% at 180 days (162). Of 67 patients
undergoing pulmonary function tests an average of 15 weeks
after discharge, 79% had at least one abnormal parameter, and of
72 patients who had a CT scan an average of 18 weeks after
discharge, 44% showed persistent ground-glass opacities
(implying increased lung parenchyma density) and 215
showed fibrosis (163). The further long-term implications of
these findings are as yet unclear but may include a propensity
for the development of more permanent pulmonary diseases such
as emphysema, pulmonary oedema, and fibrosis and may
necessitate additional referrals to secondary care.

Cardiovascular Disease
Although SARS-CoV-2 has as yet had little impact on cancer, it
may have a role in cardiovascular disease. Not only is this broad
group of conditions a risk factor for infection and poor outcome,
but the virus may also precipitate stroke, cardiac arrest,
myocarditis, and arrhythmia (principally atrial fibrillation)
whilst patients are hospitalised, all of which have long-term
effects (164, 165). Damage to the myocardium (as shown by
increased levels of troponins and pro-NT-BNP) (Table 5) may
lead to left ventricular dysfunction and heart failure (166). As
raised D-dimers in COVID-19 are indicative of arterial and
venous coagulopathy, infarction events may be the

TABLE 9 | Cases and Deaths for major variants in England.

Variants Total case number Deaths Deaths/Cases (%)

Alpha 226,844 4,323 1.91
Beta 990 12 1.21
Gamma 279 0 0
Delta 977,674 5,066 0.52
Eta 462 12 2.60
VUI-21FEB-04a 315 1 0.32
VUI-21OCT-01b 25,116 110 0.44
Omicron 212,019 75 0.04

Top seven data dated 8 November 2021 (ref 111).
aA sub-variant of Eta (B.1.1.318) (ref 93).
bA sub-variant of Delta (AY.4.2) (ref 99). Omicron data (England) on 31 December 2021
(https://assets.publishing.service.gov.uk/government/uploads/system/uploads/
attachment_data/file/1044522/20211231_OS_Daily_Omicron_Overview.pdf).
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consequence of microthrombi and may justify prophylactic
anticoagulation (167, 168).

PERSPECTIVES

As a Viral Disease
A broader view of the present pandemic compares it with other
such global respiratory viral pandemics and epidemics, such as
those of influenza in 1918–1919 and 2009, other coronavirus
epidemics (SARS-Cov-1 and MERS-CoV), and Ebola. Each has
its specific components (e.g., mode of entry to the target cell) and
much in common (e.g., symptoms of fever and cough, and
increased levels of circulating cytokines) (Table 11) (13,
169–171). Based on these data, SARS-CoV-2 has a relatively
reduced mortality rate, a relatively low hospitalisation rate, a high
community attack rate and reproductive number, and an average
incubation time.

As a Cause of Death
Although the overall annual global case fatality rate is small
(October 2020–September 2021: ~3.7 million) (2) when
compared to other causes of death (cardiovascular disease
~17.6 million, cancer ~10 million), it exceeds that of other
specific infectious diseases (tuberculosis ~1.2 million, HIV/

AIDS ~1 million, malaria ~0.72 million) (172). In the UK, the
virus killed around 69,700 people in 2020, making it the third-
highest cause after cancer (151,000) and circulatory disease
(132,600) but exceeding that of respiratory disease (62,900)
(173). Notably, in 2019, there were 10,000 more deaths from
all respiratory diseases (including 5,000 more from pneumonias)
than in 2020, suggesting that these “missing” deaths are due to
COVID-19. Data of this nature is published by the Office for
National Statistics each July. Figure 4 points to the increased
number of deaths in the period 2020–2021 compared to
2015–2019 in each of the three waves.

Although Table 6 points to risk factors in admission and
death, a more recent data set from over 9.6 million persons
compared deaths in the pre-pandemic era with 35,369 deaths in
the first wave of March–May 2020 (174). In contrast to Table 6
data (42), this study found no excess deaths due to rheumatoid
arthritis, chronic heart disease or venous thromboembolism, but
confirmed excess deaths due to increased age, male sex,
cerebrovascular disease, dementia, chronic kidney disease,
overweight and obesity (174), and South Asian and Black
ethnicity (175) and that asthma is not linked to death. The
study also reinforces hypertension as a risk factor, but,
curiously, being a current smoker brings a reduced risk of
death, and cancer diagnosed in the past year also bring a
reduced risk. A further example of the compounding effects of

TABLE 10 | Signs and symptoms of long COVID-19.

Body system Signs and symptoms

Cardiovascular Palpitationsa, tachycardiaa

Dermatological Skin rash, hair loss
Ear, nose, and throat Dizziness, earache, changes in smell (anosmia/parosmia) and/or taste (dysgeusia)a, sore throat, tinnitusa

Gastrointestinal Abdominal paina, diarrhoeaa, constipationa, acid refluxa, loss of appetite, nausea
Immunological Intermittent fevera, new allergiesa

Musculoskeletal Arthralgiaa, myalgiaa, fatiguea, post-exertional malaisea

Neurological Cognitive impairment (“brain fog,” loss of concentration or memory issues)a, dizzinessa, headachea, sleep disturbancea,
peripheral neuropathya, memory issuesa

Ophthalmological Blurred visiona

Psychological/psychiatric Anxietya, depression, loneliness, delirium, depressiona

Reproductive Altered menstruationa

Respiratory Breathlessnessa, cougha

Thorax Chest paina (could be pulmonary or cardiac in origin), expectoration

From refs 115–120 and elsewhere.
aCited by ref 119. n.b. Many signs and symptoms are also present in acute disease.

TABLE 11 | Major viral epidemics and pandemics in the modern age.

Influenza 1918–19 Ebola SARS-CoV-1 Influenza 2009 MERS-CoV SARS-CoV-2a

Untreated case fatality rateb,c 3.7% 56.5% 10% 0.2% 35.5% 1.2%
Hospitalisation rateb Few 57.5% >70% 37.5% Most cases 20%
Community attack rate 33% 17.5% 35% 15% 8.5% 35%
Reproductive number (R) 2.0 1.9 2.9 1.5 <1 3.0
Median incubation time (days) 8.5 11.5 4.2 2.5 5 5
Number of deaths 50 million 13,000 774 300,000 858 6.3 milliond

aAncestral Wuhan strain.
bOf those infected.
cIncludes some treated cases.
dOn 28th June 2022.
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risk factors on hospital admission and death is of Black, Asian and
Minority Ethnic background (BAME), and overweight or obesity:
The estimated risk of COVID-19 mortality at a BMI of 40 kg/m2

in white ethnicities was equivalent to the risk observed at a BMI of
30.1 kg/m2 in Black, 27.0 kg/m2 in South Asian, and 32.2 kg/m2 in
other ethnic minority groups (176). Of 50,000 deaths during
March-June 2020, only 8.9% occurred in those free of any co-
morbidities (177).

With the advent of improved treatments and vaccination
(Table 7), it may be predicted that the number of deaths in 2022
and beyond will be lower. In England and Wales, there were an
average of around 531,000 deaths in the years 2015–2019, rising by
15.6% to some 614,000 in 2020, almost certainly due to COVID-19.
However, preliminary data from January 2022 point to around
586,000 deaths, up around 10% from 2015 to 2019, which does
indeed point to a smaller number of COVID-19 deaths (178).

As a Cause of Long-Term Morbidity
Aweakness of this death-centred approach is that it fails to address the
likelihood of the morbidity of Long-Covid, which may be substantial,
such as lung and cardiac disease described above (179). The full
population impact of long COVID, by definition, is unclear, and
without firm data, there can only be speculative extrapolations,
although firm data will eventually appear. Nevertheless, a study of
8,591 post-COVID-19 survivors found fatigue/weakness (in 28%),
arthromyalgia (26%), depression (23%), anxiety (22%), memory loss
(19%), concentration difficulties (18%), dyspnea (18%), and insomnia
(12%) (180). This may entail additional referrals to specialists such as
rheumatologists, chest physicians and neurologists.

Interestingly, in the pre-COVID-19 period of December/
January of 2018/2019 and 2019/2020, the rate of hospitalisation
due to influenza was of the order of 4 per 100,000 (181). In 2020/
2021 and 2021/2022 this rate was close to zero, presumably due to
public health measures and that those succumbing to influenza
instead caught SARS-CoV-2. Unscheduled A&E and inpatient
visits for paediatric asthma fell during the pandemic, possibly
due to reduced viral upper respiratory tract infections, although
this may be due to parental concerns of potential adverse effects
(182). The effects of the pandemic, and the morbidity it brings, on
the UK National Health Service, with many staff self-isolating
because of an infection or a close contact with someone infected,
were profound. This therefore called for the cancellation of routine
appointments and procedures that increased the waiting from 4.5
million patient events before the pandemic to 6 million, with
300,000 waiting over a year. In addition, an estimated 10 million

people failed to present to the NHS during the pandemic, implying
further presentations. The extra burden placed on General
Practitioners in England as a result of the pandemic may part-
explain the reduction in several diabetes health checks, the
consequences of which are unclear but are likely to be
detrimental (183) (Table 12). Globally, there was a median
55.5% reduction (58% in the UK) of in-person outpatient care
utilisation in visits, diagnostic/screening procedures, and treatment
in emergency care, primary care and speciality care (184).

CONCLUSION AND THE FUTURE

The SARS-CoV-2 pandemic has forced an unprecedented global
scientific andmedical collaboration. As the virus has a relatively high
dynamic mutation rate compared to other viruses (185, 186), new
variants will inevitably appear, demanding continued international
cooperation from scientists and clinicians. This is pertinent as
COVID-19 is destined to become endemic (51–54, 187, 189).
The second wave was characterised by a peak case fatality rate of
around 2.1%, falling in the early part of the third wave to around
0.35%. The middle period of the third wave was characterised by a
huge case increase due to the Omicron, a case fatality rate of 0.15%,
and a fall in both metrics. The latter reductions possibly reflect the
effects of vaccination and the reduced pathogenicity of the Omicron
variant (Tables 7, 9). The reductions due to Omicron in the latter
part of the thirdwavemay be due to its lower replication competence
in a culture of lung cells compared to the other variants (190).
However, the advent of the BA.2 variant of Omicron in March 2022
saw a resurgence in cases and deaths, with the case fatality rate rising
to 0.25% (2).

The early identification of those at risk of possibly fatal disease
progression remains an important goal, with laboratory markers
(e.g., D-dimers and lymphopenia) and imaging (e.g., ground-
glass opacity) being important. As regards the former, miRNAs
may be an additional useful tool (191, 192).

This reduction in hospital admission and deaths in January 2022
lead to an easing of the public health initiatives in February 2022, and
the removal of all restrictions at the end of thatmonth, although some
insist on the wearing of face masks (156). Indeed, despite a very high
case rate, the pre-COVID-19 year of 2015–2019 saw amean of around
52,000 deaths in January: the figure for January 2022 is around 50,800
(although possibly due to mild winter weather). However, the
remaining issues are the likelihood of the infection being an
established health issue, and the unknown effects of long Covid.

TABLE 12 | Diabetes health checks in 2021 compared to 2019–2020.

Health check 2021(%) 2019–2020(%)

HbA1c 73.9 93.5
Blood pressure 70.0 95.4
Cholesterol 63.0 91.0
Foot health 46.8 83.9
Body mass index 60.6 88.3
Patients receiving all care checksa 27.0 55.2
Patients achieving targets of HbA1c < 58 mmol/mol, cholesterol <5 mmol/L, blood pressure <140/90 mm Hg 34.9 40.3

aFirst 9 months of 2021. Data refers to GPs in England.
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Globally, whilst both cases and death continue to rise, the case fatality
rate continues to fall (Table 1) (2). A further feature is the realisation
of the difference between deaths involving a particular pathology, and
that the death is due to that pathology. For example, in January 2022,
there were 16,924 deaths involving the respiratory system, but only
5606 of these (33.1%) were due to respiratory disease. Similarly, there
were 9151 deaths involving influenza and pneumonia, but 1746
(19.1%) were due to these pathologies. In contrast, of the 5,173
deaths involving COVID-19, a much higher proportion (3850,
74.4%) were due to this infection (148). As more and more of us
are infected with SARS-CoV-2 (in early February 2020, at least 26.2%
of the UK were infected, and this percentage is very likely to rise), this
will become increasingly pertinent (193).

The appearance of SARS-CoV-2 and the infection (COVID-
19) it causes has unified international medico-scientific
communities and brought an unmatched awareness of health
issues into all corners of human society. The early prediction that
the pandemic would last until the spring of 2021 proved incorrect,
with 7.9 million UK hospitalisations and 260,000 deaths (193,
194). Nevertheless, the full extent to which it will have a major
and long-lasting negative effect on the individual and society in
the UK and globally remains to be seen.

Notes Added in Press
Since resubmission of this review on 12th May 2022, several new
and important features of the infection have arisen. As of 28th
June, globally, the weekly number of cases remained around 3.5
million, but deaths have continued to fall, with the case fatality
rate also falling to 0.19% (2). In January 2021, this latter figure was
2.4%. In the UK, these data were around 92,000 cases/week, 250
deaths/week, and so a case fatality rate of 0.27%, compared to
around 2.0 in January 2021 (2).

According to the Office for National Statistics, in England
andWales, in the last 2 weeks of May and first 3 weeks of June,

the number of deaths due to influenza or pneumonia (n =
1689) was significantly higher than the deaths due to COVID-
19 (n = 1036, p = 0.028) (177). The number of all-cause deaths
in the first 24 weeks of 2022 (up to 17th June, mean 11,169
standard deviation 1,285) was not statistically different from
those in the same 24 weeks of the pre-COVID-19 era of
2015–2019 (11,106, 1,636, p = 0.783). This equates to 1,526
more deaths in 2022 than the average for 2015–2019. Since
the same spreadsheets report 20,042 deaths involving
COVID-19 over this time period, it follows that there must
have been a considerable reduction in other deaths to account
for this difference. Nevertheless, these data added to the
hypothesis of the end of the Omicron BA.1/BA.2 sub-
pandemic (196).

Despite the above, there was a modest increase in cases, deaths
and hospital admissions in the middle of June 2022 (88). This was
reputed to be linked to Omicron variants BA.4 and BA.5
(comprising 22.3% and 39.5% respectively of new cases), and
variant XE, a recombinant of BA.1 and BA.2) (197). In the USA,
variant BA.2.21.1 became the dominant species as of 25th May
2022 (195), but had yet to make an impact in the UK.
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