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AZD1222-induced 
neutralising antibody 
activity against 
SARS-CoV-2 Delta VOC
The SARS-CoV-2 B.1.617.2 Delta 
variant of concern (VOC) continues 
to drive a sharp increase in COVID-19 
cases in the UK, with a current doubling 
time of 3·5–16 days,1 consistent with 
previous pandemic waves during 
2020–21, and a sustained increase 
in the reproduction number (R) to 
1·2–1·4.2 Daily hospital admissions 
and the number of patients requiring 
mechanical ventilation are now 
increasing in both England and 
Scotland, despite the ongoing roll-out 
of widespread vaccination in the UK.1

The ChAdOx1 nCoV-19 (AZD1222, 
Oxford–AstraZeneca) vaccine forms the 
core of the UK’s vaccination programme 
and the global COVAXX programme. 
To determine B.1.617.2 sensitivity 
to AZD1222-induced neutralising 
antibodies (NAbs) and to compare 
this to our previous measurements 
of NAbs induced by BNT162b2 
(Pfizer–BioNTech),3 we carried out 
a second initial analysis of Legacy 
study participants vaccinated with 
AZD1222. Legacy was initiated in early 
2021 by University College London 
Hospitals and the Francis Crick Institute 
in London, UK, to track serological 
responses to vaccination during 
the national COVID-19 vaccination 
programme in prospectively recruited 
healthy staff volunteers. A description 
of the methods and clinical cohort are 
available in the appendix. The Legacy 
study was approved by the London 
Camden and Kings Cross Health 
Research Authority Research and Ethics 
committee (IRAS number 286469) 
and is sponsored by University College 
London Hospitals.

Using a high-throughput live-virus 
SARS-CoV-2 neutralisation assay, 
we determined NAb titres (NAbTs) 
against five SARS-CoV-2 strains in 
106 participants (median age 34 years, 
IQR 29–42) after either one dose of 

AZD1222 (n=50, median time after 
first dose 41 days [IQR 30–51]) or 
two doses of AZD1222 (n=63, median 
time after second dose 31 days 
[IQR 19·5–46·0]; appendix p 7). The 
median interval between doses was 
63 days (IQR 62·0–69·5). Consistent 
with our previous findings,3 we included 
a strain with the original spike sequence 
(Wildtype), a strain with an Asp614Gly 
mutation isolated during the first wave 
of infection in the UK, in 2020 (D614G), 
and VOCs B.1.1.7 (Alpha, first detected 
in Kent, England), B.1.351 (Beta, first 
detected in South Africa), and B.1.617.2 
(Delta, first detected in India).

Two doses of AZD1222 generated 
NAb activity against the Wildtype 
strain bearing a spike identical to 
that encoded by the vaccine in all 
participants (median NAbT IC50=419), 
with a 2·1–fold (95% CI 2·0–2·2) 
reduction in median NAbT relative to 
two doses of BNT162b2 (appendix 
p 2). Moreover, median NAbTs 
against all SARS-CoV-2 variants were 
further reduced relative to BNT162b2: 
2·4-fold (95% CI 2·3–2·6) against 
D614G, 2·4-fold against B.1.1.7 
(2·2–2·5), 2·5-fold (1·3–2·8) against 
B.1.351, and 2·5-fold (1·4–2·7) against 
B.1.617.2. Given the low responses 
against the latter two VOCs, we 
found that stratification of NAbTs 
into three groups (IC50 low [<40], 
medium [40–256], high [>256]) was 
most illustrative: whereas nearly all 
participants had a quantifiable NAbT 
against the D614G and B.1.1.7 variants 
(55 [87%] of 63 [95% CI 76–94%]; 
appendix p 2), significantly fewer 
participants had quantifiable NAbTs 
against B.1.351 and B.1.617.2 VOCs 
after two doses of AZD1222 (38 [60%] 
of 63 [95% CI 47–72%] against B.1.351; 
and 39 [62%] of 63 [49–74%] against 
B.1.617.2), relative to the former 
two variants (χ² test p<0·0011). This 
contrasts strongly with our previous 
results, which showed that more than 
95% of participants had quantifiable 
NAbTs against B.1.351 and B.1.617.2 
after two doses of BNT162b2 
(189 [97%] of 195 against B.1.351; and 

186 [95%] of 195 against B.1.617.2). 
Analysis of these data by ordered 
logistic regression confirmed vaccine 
type was associated with decreased 
NAbTs, independent of SARS-CoV-2 
strain, in two-dose vaccine recipients 
(p=0·0017; appendix p 4).

A single dose of AZD1222 generated 
a broad range of NAb activity against 
Wildtype SARS-CoV-2 (appendix 
p 2). Given reports of enhanced NAb 
responses to VOCs B.1.1.7 and B.1.351 
after a single dose of mRNA vaccines in 
individuals with previous SARS-CoV-2 
infection,4,5 in the absence of concrete 
evidence of previous infection, we 
stratified NAbT by whether participants 
reported prior COVID-19 symptoms 
and found markedly different 
responses. After a single AZD1222 
dose, participants with prior COVID-19 
symptoms (16 [32%] of 50) had 
significantly higher NAbTs against all 
strains than those without prior COVID 
symptoms (5·1 × 10⁻⁵≤p≤3·1 × 10⁻⁴). 
Since many responses fell outside of 
the quantitative limit of detection, 
stratification of NAbTs was again 
informative. Whereas participants 
without prior COVID-19 symptoms 
mostly had quantifiable NAbTs 
against Wildtype (31 [91%] of 34 
[95% CI 75–98%]), significantly more 
NAb responses against VOCs were 
below the limit of detection: 22 [65%] 
of 34 [95% CI 46–80%]) against 
B.1.1.7; 30 [88%] of 34 [72–96%]) 
against B.1.351; and 29 [85%] of 
34 [68–94%]) against B.1.617.2 
(2·8 × 10⁻¹⁰≤p≤6·0 × 10⁻⁶; appendix 
p 2). Analysis by ordered logistic 
regression confirmed that a previous 
history of COVID-19 symptoms was 
associated with increased NAbTs, 
independent of SARS-CoV-2 strain, 
in single-dose AZD1222 recipients 
(p=0·0016; appendix p 4).

These data, together with our 
previous findings,3 reveal that 
AZD1222 recipients have lower NAbTs 
than BNT162b2 recipients against 
SARS-CoV-2 variants, including 
B.1.617.2 (appendix p 3). This finding 
is in line with the vaccine-induced 
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a more pronounced reduction in median 
NAbTs against B.1.617.2 between 
two-dose AZD1222 and two-dose 
BNT162b2 recipients (appendix p 5). 
Along with increased standardisation 
across serological laboratories, further 
serological examination of AZD1222 
recipients will be needed as the UK 
vaccination programme continues, to 
assess the extent to which variables such 
as age affect NAbTs (especially beyond 
the median 31 days post-second dose 
examined here) and vaccine efficacy, 
and to establish and refine correlates 
of protection against all SARS-CoV-2 
variants.

Our data reinforce the need to 
recognise the increased protection 
offered by a second vaccine dose 
as COVID-19 cases associated with 
the B.1.617.2 variant increase. They 
also suggest that further booster 
immunisations might be needed, 
especially for more susceptible groups 
that have received vaccines that induce 
lower than average NAbTs. As with 
mRNA vaccines, it might be feasible 
to prioritise the use of the AZD1222 
vaccine, in light of severely restricted 
supply, for people with a confirmed 
history of COVID-19. Overall, our 
findings highlight the urgent need for 
expanded serological monitoring of 
NAbTs within sub-populations. This 
will enable a better understanding of 
the evolution of vaccine efficacy and 
facilitate the production of updated 
vaccines, thereby ensuring maximum 
protection against SARS-CoV-2 variants.
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NAbTs observed during clinical trials of 
AZD12226 and BNT162b2.7 Notably, 
our data are consistent with preliminary 
observational estimates based on rates 
of S gene target failure during PCR 
testing in England8 and more recent 
data from Scotland,9 which reports 19% 
reduced AZD1222 efficacy following two 
doses (60%) relative to two doses of 
BNT162b2 (79%) against the B.1.617.2 
variant and similar to reduced efficacy 
against the B.1.1.7 variant following 
two doses (73% for AZD1222 vs 92% for 
BNT162b2). The combination of these 
observational data with our laboratory 
data suggests that the correlation 
between NAbTs and vaccine efficacy in 
recent models10 continues to perform 
well across different vaccine types and 
SARS-CoV-2 variants (appendix p 5). It 
further highlights that the lower starting 
NAbTs of AZD1222 recipients will now 
render vaccine efficacy more susceptible 
to any possible individual-level variation 
(eg, prior infection, age, immune status, 
antibody durability, comorbidities). 
Prevention of infection, however, 
appears to require substantially higher 
NAbTs than prevention of the most 
severe COVID-19 disease and death. 
Therefore, although reduced in-vitro 
neutralisation of VOCs predicts reduced 
AZD1222 vaccine efficacy against 
symptomatic infection with the same 
VOCs, close monitoring of the unfolding 
pandemic will reveal the extent to which 
the link with severe or fatal COVID-19 
has been broken by all current vaccines.

Given our previous observation of 
decreased NAbTs in older BNT162b2 
recipients,3 we note that our obser vation 
here of lower median NAbTs of about 
2·5-fold in two-dose AZD1222 recipients 
relative to two-dose BNT162b2 
recipients is confounded by the fact 
that the AZD1222 cohort is significantly 
younger than the BNT162b2 cohort 
(median age 33 years [IQR 28–41] 
vs 42 years [33–52], p=2·3 × 10⁻⁸); 
comparison of two-dose AZD1222 
recipients to a more similar subset of 
the two-dose BNT162b2 cohort (n=58, 
single study site, age <50 years, dosing 
interval >40 days; appendix p 4), shows 
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another tragedy like COVID-19. 
We believe the strongest clue from 
new, credible, and peer-reviewed 
evidence in the scientific literature3–6 
is that the virus evolved in nature, 
while suggestions of a laboratory-
leak source of the pandemic remain 
without scientifically validated 
evidence that directly supports it in 
peer-reviewed scientific journals.7,8

Careful and transparent collection 
of scientific information is essential 
to understand how the virus has 
spread and to develop strategies 
to mitigate the ongoing impact of 
COVID-19, whether it occurred wholly 
within nature or might somehow 
have reached the community via an 
alternative route, and prevent future 
pandemics. Allegations and conjecture 
are of no help, as they do not facilitate 
access to information and objective 
assessment of the pathway from a bat 
virus to a human pathogen that might 
help to prevent a future pandemic. 
Recrimination has not, and will not, 
encourage international cooperation 
and collaboration.9 New viruses can 
emerge anywhere, so main taining 
transparency and cooperation 
between scientists everywhere pro-
vides an essential early warning 
system. Cutting professional links and 
reducing data sharing will not make us 
safer.

We welcome calls for scien-
tifically rigorous investigations.10,11 
To accomplish this, we encourage 
WHO and scientific partners across 
the world to expeditiously move to 
continue and further extend their 
initial investigation with experts in 
China and the Chinese Government. 
WHO’s report from March, 2021,12 
must be considered the beginning 
rather than the end of an inquiry, and 
we strongly support the G7 leaders’ 
call for “a timely, transparent, expert-
led, and science-based WHO-convened 
phase 2 COVID-19 origins study”.13 We 
also understand that it might take 
years of field and laboratory study to 
assemble and link the data essential 
to reach rational and objective 

government, young versus old, rich 
versus poor, people of colour versus 
white people, and health priorities 
versus the economy. The crisis has 
highlighted the urgent need to build 
a better understanding of how science 
pro ceeds and the complex, but critical, 
links science has with health, public 
health, and politics.

Recently, many of us have indi-
vidually received inquiries asking 
whether we still support what we 
said in early 2020.1 The answer is 
clear: we reaffirm our expression 
of solidarity with those in China 
who confronted the outbreak then, 
and the many health professionals 
around the world who have since 
worked to exhaustion, and at 
personal risk, in the relentless and 
continuing battle against this virus. 
Our respect and gratitude have only 
grown with time.

The second intent of our original 
Correspondence was to express 
our working view that SARS-CoV-2 
most likely originated in nature and 
not in a laboratory, on the basis of 
early genetic analysis of the new 
virus and well established evidence 
from previous emerging infectious 
diseases, including the coronaviruses 
that cause the common cold as 
well as the original SARS-CoV and 
MERS-CoV.2 Opinions, however, 
are neither data nor conclusions. 
Evidence obtained using the 
scientific method must inform our 
understanding and be the basis 
for interpretation of the available 
information. The process is not error-
free, but it is self-correcting as good 
scientists endeavour to continually 
ask new questions, apply new meth-
odologies as they are developed, and 
revise their conclusions through an 
open and transparent sharing of data 
and ongoing dialogue.

The critical question we must 
address now is, how did SARS-CoV-2 
reach the human population? This 
is important because it is such 
insights that will drive what the 
world must urgently do to prevent 

9 Sheikh A, McMenamin J, Taylor B, Robertson C, 
on behalf of Public Health Scotland and the 
EAVE II Collaborators. SARS-CoV-2 Delta VOC 
in Scotland: demographics, risk of hospital 
admission, and vaccine effectiveness. Lancet 
2021; 397: 2461–62.

10 Khoury DS, Cromer D, Reynaldi A, et al. 
Neutralizing antibody levels are highly 
predictive of immune protection from 
symptomatic SARS-CoV-2 infection. Nat Med 
2021; published online May 17. https://doi.
org/10.1038/s41591-021-01377-8.

Science, not speculation, 
is essential to determine 
how SARS-CoV-2 
reached humans
On Feb 19, 2020, we, a group of 
physicians, veterinarians, epi demi-
ologists, virologists, biologists, 
ecologists, and public health experts 
from around the world, joined 
together to express solidarity with 
our professional colleagues in China.1 
Unsubstantiated allegations were 
being raised about the source of the 
COVID-19 outbreak and the integrity 
of our peers who were diligently 
working to learn more about the 
newly recognised virus, SARS-CoV-2, 
while struggling to care for the many 
patients admitted to hospital with 
severe illness in Wuhan and elsewhere 
in China.

It was the beginning of a 
global tragedy, the COVID-19 
pandemic. According to WHO, as of 
July 2, 2021, the pandemic has resulted 
in 182 101 209 confirmed cases and 
3 950 876 deaths, both undoubtedly 
underestimates of the real toll. The 
impact of the pandemic virtually 
everywhere in the world has been 
far worse than even these numbers 
suggest, with unprecedented add-
itional social, cultural, political, and 
economic consequences that have 
exposed numerous flaws in our epi-
demic and pandemic preparedness 
and in local and global political and 
economic systems. We have observed 
escalations of conflicts that pit many 
parties against one another, including 
central government versus local 
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