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The BNT162b2 mRNA vaccine from Pfizer–BioNTech1 
and the ChAdOx1 nCoV-19 vaccine from Oxford–
AstraZeneca2 were the first two products deployed in the 
UK’s COVID-19 vaccination programme. In accordance 
with the strategy set by the nation’s Joint Committee 
on Vaccination and Immunisation (JCVI), vaccines were 
initially prioritised for care home residents and staff, 
individuals older than 80 years, and front-line health-
care and social care workers. In December, 2020, in 
response to surging transmission of SARS-CoV-2, JCVI 
advised delaying the second dose of these vaccines to 
achieve broader population coverage with the first dose.3

In The Lancet, Eleftheria Vasileiou and colleagues4 
report the interim findings following COVID-19 mass 
vaccination with a first dose in Scotland. The analysis 

includes 1 331 993 individuals vaccinated between 
Dec 8, 2020, and Feb 22, 2021. The authors constructed 
this comprehensive cohort by linking vaccination, 
primary care, laboratory testing, hospital admission, 
and mortality datasets covering 5·4 million people 
in Scotland. By Feb 22, 2021, an impressive 78·6% of 
adults aged 80 years and older, 85·9% of adults aged 
65–79 years, and 13·9% of adults aged 18–64 years had 
received at least one dose of the vaccine. Uptake was 
higher in women than in men, with 35·1% of women 
and 25·0% of men vaccinated by this date.

Randomised vaccine trials of these products reported 
only small numbers of severe COVID-19 cases and hospital 
admissions. In contrast, the real-world data from Scotland 
captured 723 hospital admissions due to COVID-19 among 

Hospital admissions due to COVID-19 in Scotland after 
one dose of vaccine

translate into longer-term mortality benefit, and we look 
forward to the preplanned analyses at 6 months.

In summary, the RECOVERY trial provides the most 
definitive evidence thus far to address the controversy 
over whether tocilizumab should be added to our 
armamentarium of treatments for severely ill patients 
with COVID-19. The answer is yes. Questions remain 
about tocilizumab’s efficacy and safety in other settings, 
such as those with C-reactive protein concentrations of 
less than 75 mg/L and among paediatric patients (the 
RECOVERY group is doing a separate trial in children, 
which is ongoing), and among more gender and racially 
diverse populations. Importantly, the 28-day mortality 
rate of 31% in the tocilizumab group, although lower 
than the placebo group, remains unacceptably high, and 
thus additional therapies are urgently needed to further 
reduce mortality in severely ill patients with COVID-19. 
Several treatments, including other immunomodulators 
and antibodies against the spike protein of SARS-CoV-2, 
are under investigation.12
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individuals who had received a first dose of vaccine, and 
7854 hospital admissions in unvaccinated individuals. 
Furthermore, the randomised trials were unable to assess 
vaccine efficacy in narrow subgroups, such as adults aged 
80 years and older, a group prioritised for vaccination.

To estimate vaccine effectiveness, Vasileiou and 
colleagues compared COVID-19 hospital admissions in 
vaccinated and unvaccinated individuals who had not 
previously tested positive with real-time RT-PCR. In 
observational studies, fundamental differences between 
vaccinated and unvaccinated populations might occur, 
reflecting differential access or uptake. To address 
potential confounding, the authors report model-adjusted 
and propensity score-weighted esti mates, incorporating 
individual-level data on age, sex, socioeconomic status, 
calendar time, underlying medical conditions, and number 
of previous rtPCR tests (as a proxy for exposure risk).

The benefit of vaccines reducing hospital admissions 
takes time to show in a population. Given the time for an 
immune response to develop, and the time from infection 
to onset of disease and progression to severe disease, 
individuals who were admitted to hospital shortly after 
their first dose were likely to have been infected before 
vaccination. Focusing on 28–34 days after a single dose, 
the authors report an estimated vaccine effect of 91% 
(95% CI 85–94) for COVID-19 hospital admissions for 
BNT162b2, and an estimated 88% (75–94) vaccine effect 
during the same period for ChAdOx1.

Although the first dose of each vaccine probably provides 
substantial benefit, the exact magnitude and timing are 
less clear. Estimated vaccine effectiveness during the 

period 0–6 days after the first dose is 75% (95% CI 71–79) 
for both vaccines combined, but such a rapid benefit 
against hospital admission is not plausible. The authors 
posit that this occurred because individuals were advised 
to take precautions around the time of vaccination and to 
defer their appointments if they experienced symptoms or 
were self-isolating. Per the authors, “the later (>14 days) 
observed effects are much more likely to be mainly driven 
by traditional vaccine effects”. However, early differences 
might also reflect non-transient sources of bias.

Another challenge is in making direct comparisons 
between the two vaccines, although the authors are 
cautious not to do so. Because of storage requirements, 
BNT162b2 was provided mainly through community 
vaccination centres. The highest uptake was in patients 
younger than 65 years, including health-care workers. 
ChAdOx1 was mainly administered at general practices, 
targeting care home residents and patients aged 
80 years and older. ChAdOx1 was also deployed later, 
available only from Jan 4, 2021, enabling less time 
for follow-up. Therefore, the sources of bias for the 
two vaccines might differ. For example, the estimated 
7–13 day vaccine effects are much higher for adults aged 
65 years and older than for adults aged 18–64 years, even 
though we expect these to be similarly low. In a study 
of these two vaccines done by Public Health England, 
different early vaccine effects were observed before 
compared with after Jan 4, 2021, potentially reflecting a 
programmatic shift to vaccinate lower-risk patients.5

Large population cohorts support the real-world impact 
of COVID-19 vaccines. Given the UK’s decision to increase 
the spacing between doses, longer single-dose person-
time follow-up beyond 42 days will be forthcoming and 
particularly valuable. These assessments rely heavily 
on observational data, but with the strength of large 
numbers comes the limitations of bias. Bias-indicator 
checks, such as estimating effec tiveness immediately 
after vaccina tion6 or assessing effectiveness against an 
unrelated disease,7 are advisable. The benefits of these 
vaccines are substantial, and their rapid roll-out is an 
important achievement for public health.
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Heneghan and colleagues’ systematic review, funded by 
WHO, published in March, 2021, as a preprint, states: “The 
lack of recoverable viral culture samples of SARS-CoV-2 
prevents firm conclusions to be drawn about airborne 
transmission”.1 This conclusion, and the wide circulation 
of the review’s findings, is concerning because of the 
public health implications.

If an infectious virus spreads predominantly through 
large respiratory droplets that fall quickly, the key control 
measures are reducing direct contact, cleaning surfaces, 
physical barriers, physical distancing, use of masks within 
droplet distance, respiratory hygiene, and wearing high-
grade protection only for so-called aerosol-generating 
health-care procedures. Such policies need not distinguish 
between indoors and outdoors, since a gravity-driven 
mechanism for transmission would be similar for both 
settings. But if an infectious virus is mainly airborne, an 
individual could potentially be infected when they inhale 
aerosols produced when an infected person exhales, 
speaks, shouts, sings, sneezes, or coughs. Reducing 
airborne transmission of virus requires measures to avoid 
inhalation of infectious aerosols, including ventilation, air 
filtration, reducing crowding and time spent indoors, use 
of masks whenever indoors, attention to mask quality and 
fit, and higher-grade protection for health-care staff and 
front-line workers.2 Airborne transmission of respiratory 
viruses is difficult to demonstrate directly.3 Mixed findings 
from studies that seek to detect viable pathogen in air 
are therefore insufficient grounds for concluding that 
a pathogen is not airborne if the totality of scientific 
evidence indicates otherwise. Decades of painstaking 
research, which did not include capturing live pathogens 
in the air, showed that diseases once considered to be 

spread by droplets are airborne.4 Ten streams of evidence 
collectively support the hypothesis that SARS-CoV-2 is 
transmitted primarily by the airborne route.5

First, superspreading events account for substantial 
SARS-CoV-2 transmission; indeed, such events may 
be the pandemic’s primary drivers.6 Detailed analyses 
of human behaviours and interactions, room sizes, 
ventilation, and other variables in choir concerts, cruise 
ships, slaughterhouses, care homes, and correctional 
facilities, among other settings, have shown patterns—
eg, long-range transmission and overdispersion of the 
basic reproduction number (R0), discussed below—
consistent with airborne spread of SARS-CoV-2 that 
cannot be adequately explained by droplets or fomites.6 
The high incidence of such events strongly suggests the 
dominance of aerosol transmission.

Second, long-range transmission of SARS-CoV-2 
between people in adjacent rooms but never in each 
other’s presence has been documented in quarantine 
hotels.7 Historically, it was possible to prove long-range 
transmission only in the complete absence of community 
transmission.4

Third, asymptomatic or presymptomatic transmission 
of SARS-CoV-2 from people who are not coughing or 
sneezing is likely to account for at least a third, and 
perhaps up to 59%, of all transmission globally and is 
a key way SARS-CoV-2 has spread around the world,8 
supportive of a predominantly airborne mode of 
transmission. Direct measurements show that speaking 
produces thousands of aerosol particles and few large 
droplets,9 which supports the airborne route.

Fourth, transmission of SARS-CoV-2 is higher indoors 
than outdoors10 and is substantially reduced by indoor 

Ten scientific reasons in support of airborne transmission of 
SARS-CoV-2
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