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A BS T R AC T
BACKGROUND

The B.1.617.2 (delta) variant of the severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), the virus that causes coronavirus disease 2019 (Covid-19), has
contributed to a surge in cases in India and has now been detected across the
globe, including a notable increase in cases in the United Kingdom. The effectiveness of the BNT162b2 and ChAdOx1 nCoV-19 vaccines against this variant has
been unclear.
METHODS

We used a test-negative case–control design to estimate the effectiveness of vaccination against symptomatic disease caused by the delta variant or the predominant strain (B.1.1.7, or alpha variant) over the period that the delta variant began
circulating. Variants were identified with the use of sequencing and on the basis
of the spike (S) gene status. Data on all symptomatic sequenced cases of Covid-19
in England were used to estimate the proportion of cases with either variant according to the patients’ vaccination status.
RESULTS

Effectiveness after one dose of vaccine (BNT162b2 or ChAdOx1 nCoV-19) was notably lower among persons with the delta variant (30.7%; 95% confidence interval
[CI], 25.2 to 35.7) than among those with the alpha variant (48.7%; 95% CI, 45.5
to 51.7); the results were similar for both vaccines. With the BNT162b2 vaccine,
the effectiveness of two doses was 93.7% (95% CI, 91.6 to 95.3) among persons
with the alpha variant and 88.0% (95% CI, 85.3 to 90.1) among those with the
delta variant. With the ChAdOx1 nCoV-19 vaccine, the effectiveness of two doses
was 74.5% (95% CI, 68.4 to 79.4) among persons with the alpha variant and 67.0%
(95% CI, 61.3 to 71.8) among those with the delta variant.
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CONCLUSIONS

Only modest differences in vaccine effectiveness were noted with the delta variant
as compared with the alpha variant after the receipt of two vaccine doses. Absolute
differences in vaccine effectiveness were more marked after the receipt of the first
dose. This finding would support efforts to maximize vaccine uptake with two
doses among vulnerable populations. (Funded by Public Health England.)
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ndia has experienced a surge in cases
of coronavirus disease 2019 (Covid-19) since
late March 2021, reaching more than 400,000
cases and 4000 deaths reported each day in
early May 2021.1 This increase has resulted in
hospital services becoming overwhelmed and
in a scarcity of oxygen supplies.2 Although only
a small proportion of samples have been sequenced, B.1.617 lineages of the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
have dominated. The B.1.617.2 (delta) variant
was first detected in India in December 2020
and became the most commonly reported variant in the country starting in mid-April 2021.1
As of May 19, 2021, the variant had been detected in 43 countries across six continents in
GISAID (originally an acronym for global initiative on sharing avian influenza data but more
recently a site for compiling sequence data on
viruses, particularly influenza and coronaviruses,
that threaten to cause a pandemic).3 In the
United Kingdom, a rapid increase in cases with
this variant has been seen associated with travel
from India and with community transmission.4
In the United Kingdom, vaccination was initially prioritized for older adults, caregivers, and
health and social care workers, with subsequent
rollout to persons in clinical risk groups and
younger-age cohorts.5 At an early stage of the
rollout, a policy decision, based on advice from
the Joint Committee on Vaccination and Immunisation, was made to use an extended administration interval of up to 12 weeks in order to
maximize the number of vulnerable persons receiving the first dose during the second wave
of the pandemic in the context of constraints on
vaccine supply and delivery.6
Vaccines have been found to be highly efficacious at preventing symptomatic disease, as shown
by clinical trials7-9 and real-world evidence.10-14
The B.1.1.7 (alpha) variant, first identified in the
United Kingdom, was the predominant lineage
seen between January and May 2021. Levels of
protection against the alpha variant that are
conferred by vaccination are similar to those
observed in clinical trials, with additional protection against severe disease.10,11,15-17 Laboratory
data indicate that the B.1.351 (beta) variant has
reduced neutralization, according to analysis of
serum samples obtained from vaccinated persons.18,19 Observational data from Qatar indicated
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modestly reduced effectiveness against symptomatic disease caused by this variant but high levels
of effectiveness against severe, critical, or fatal
disease in persons vaccinated with the BNT162b2
vaccine (Pfizer–BioNTech).17 Furthermore, a trial
of the NVX-CoV2373 vaccine (Novavax) showed
51.0% efficacy against the beta variant.20 Finally,
high levels of neutralization have been seen with
the P.1 (gamma) variant in serum samples obtained from persons vaccinated with the BNT162b2
vaccine, and one study showed only minimally
reduced vaccine effectiveness against test-positive cases with one dose of messenger RNA
vaccine.19,21,22
The delta variant is characterized by the spike
protein mutations T19R, Δ157-158, L452R, T478K,
D614G, P681R, and D950N.1 Several of these
mutations may affect immune responses directed toward the key antigenic regions of receptorbinding protein (452 and 478) and deletion of
part of the N-terminal domain.23 P681R is at the
S1–S2 cleavage site, and it appears that strains
with mutations at that site may have increased
replication, which leads to higher viral loads and
increased transmission.24 Data on the effectiveness of Covid-19 vaccines against clinical outcomes with this variant have been limited. In
this study, we aimed to estimate the effectiveness of two Covid-19 vaccines, BNT162b2 and
ChAdOx1 nCoV-19 (AstraZeneca), against symptomatic disease caused by the delta variant.

Me thods
Study Design

We used two approaches to estimate the effect
of vaccination on the delta variant. First, we used
a test-negative case–control design to estimate
vaccine effectiveness against symptomatic disease caused by the delta variant, as compared
with the alpha variant, over the period that the
delta variant has been circulating. This approach
has been described in detail elsewhere.10 In
brief, we compared vaccination status in persons
with symptomatic Covid-19 with vaccination status in persons who reported symptoms but had a
negative test. This approach helps to control for
biases related to health-seeking behavior, access
to testing, and case ascertainment.
For the secondary analysis, the proportion of
persons with cases caused by the delta variant
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relative to the main circulating virus (the alpha
variant) was estimated according to vaccination
status. The underlying assumption was that if
the vaccine had some efficacy and was equally
effective against each variant, a similar proportion of cases with either variant would be expected in unvaccinated persons and in vaccinated persons. Conversely, if the vaccine was less
effective against the delta variant than against
the alpha variant, then the delta variant would
be expected to make up a higher proportion of
cases occurring more than 3 weeks after vaccination than among unvaccinated persons. Details of this analysis are described in Section S1
in the Supplementary Appendix, available with
the full text of this article at NEJM.org. The authors vouch for the accuracy and completeness
of the data and for the fidelity of the trial to the
protocol.
Data Sources

Vaccination Status

Data on all persons in England who have been
vaccinated with Covid-19 vaccines are available
in a national vaccination register (the National
Immunisation Management System). Data regarding vaccinations that had occurred up to May 16,
2021, including the date of receipt of each dose
of vaccine and the vaccine type, were extracted
on May 17, 2021. Vaccination status was categorized as receipt of one dose of vaccine among
persons who had symptom onset occurring 21
days or more after receipt of the first dose up to
the day before the second dose was received, as
receipt of the second dose among persons who
had symptom onset occurring 14 days or more
after receipt of the second dose, and as receipt
of the first or second dose among persons with
symptom onset occurring 21 days or more after
the receipt of the first dose (including any period
after the receipt of the second dose).
SARS-CoV-2 Testing

Polymerase-chain-reaction (PCR) testing for SARSCoV-2 in the United Kingdom is undertaken by
hospital and public health laboratories, as well
as by community testing with the use of drivethrough or at-home testing, which is available to
anyone with symptoms consistent with Covid-19
(high temperature, new continuous cough, or
loss or change in sense of smell or taste). Data

on all positive PCR tests between October 26,
2020, and May 16, 2021, were extracted. Data on
all recorded negative community tests among
persons who reported symptoms were also extracted for the test-negative case–control analysis. Children younger than 16 years of age as of
March 21, 2021, were excluded. Data were restricted to persons who had reported symptoms,
and only persons who had undergone testing
within 10 days after symptom onset were included, in order to account for reduced sensitivity of
PCR testing beyond this period.25
Identification of Variant

Whole-genome sequencing was used to identify
the delta and alpha variants. The proportion of
all positive samples that were sequenced increased from approximately 10% in February
2021 to approximately 60% in May 2021.4 Sequencing is undertaken at a network of laboratories, including the Wellcome Sanger Institute,
where a high proportion of samples has been
tested, and whole-genome sequences are assigned to Public Health England definitions of
variants on the basis of mutations.26
Spike gene target status on PCR was used as
a second approach for identifying each variant.
Laboratories used the TaqPath assay (Thermo
Fisher Scientific) to test for three gene targets:
spike (S), nucleocapsid (N), and open reading
frame 1ab (ORF1ab). In December 2020, the alpha
variant was noted to be associated with negative
testing on the S target, so S target–negative status was subsequently used as a proxy for identification of the variant. The alpha variant accounts
for between 98% and 100% of S target–negative
results in England. Among sequenced samples
that tested positive for the S target, the delta
variant was in 72.2% of the samples in April
2021 and in 93.0% in May (as of May 12, 2021).4
For the test-negative case–control analysis, only
samples that had been tested at laboratories
with the use of the TaqPath assay were included.
Data Linkage

The three data sources described above were
linked with the use of the National Health Service number (a unique identifier for each person
receiving medical care in the United Kingdom).
These data sources were also linked with data
on the patient’s date of birth, surname, first
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name, postal code, and specimen identifiers and before a positive result or after a positive result
sample dates.
could have been false negatives; therefore, these
were excluded. Tests that had been administered
Covariates
within 7 days after a previous negative result
Multiple covariates that may be associated with were also excluded. Persons who had previously
the likelihood of being offered or accepting a tested positive before the analysis period were
vaccine and the risk of exposure to Covid-19 or also excluded in order to estimate vaccine effecspecifically to either of the variants analyzed tiveness in fully susceptible persons. All the cowere also extracted from the National Immuni- variates were included in the model as had been
sation Management System and the testing data. done with previous test-negative case–control
These data included age (in 10-year age groups), analyses, with calendar week included as a facsex, index of multiple deprivation (a national tor and without an interaction with region.
indication of level of deprivation that is based on
With regard to S target–positive or –negative
small geographic areas of residence,27 assessed status, only persons who had tested positive on
in quintiles), race or ethnic group, care home the other two PCR gene targets were included.
residence status, history of foreign travel (i.e., Assignment to the delta variant on the basis of
outside the United Kingdom or Ireland), geo- S target status was restricted to the week comgraphic region, period (calendar week), health mencing April 12, 2021, and onward in order to
and social care worker status, and status of be- aim for high specificity of S target–positive testing in a clinically extremely vulnerable group.28 ing for the delta variant.4
In addition, for the test-negative case–control
Vaccine effectiveness for the first dose was
analysis, history of SARS-CoV-2 infection before estimated among persons with a symptom-onset
the start of the vaccination program was in- date that was 21 days or more after receipt of the
cluded. Persons were considered to have traveled first dose of vaccine, and vaccine effects for the
if, at the point of requesting a test, they reported second dose were estimated among persons
having traveled outside the United Kingdom and with a symptom-onset date that was 14 days or
Ireland within the preceding 14 days or if they more after receipt of the second dose. Comparihad been tested in a quarantine hotel or while son was made with unvaccinated persons and
quarantining at home. Postal codes were used to with persons who had symptom onset in the
determine the index of multiple deprivation, and period of 4 to 13 days after vaccination in order
unique property-reference numbers were used to to help account for differences in underlying risk
identify care homes.29
of infection. The period from the day of vaccine
administration (day 0) to day 3 was excluded
Statistical Analysis
because reactogenicity to the vaccine can cause
For the test-negative case–control analysis, logis- an increase in testing that biases results, as pretic regression was used to estimate the odds of viously described.10
having a symptomatic, PCR-confirmed case of
Covid-19 among vaccinated persons as comR e sult s
pared with unvaccinated persons (control). Cases
were identified as having the delta variant by Data Linkage
means of sequencing or if they were S target– Among all the sequenced samples that were
positive on the TaqPath PCR assay. Cases were linked to the SARS-CoV-2 testing data set, 92.9%
identified as having the alpha variant by means were linked to data on vaccination status. Over
of sequencing or if they were S target–negative the course of the study period, there were 38,592
on the TaqPath PCR assay.
linked sequenced tests. In an analysis that was
If a person had tested positive on multiple restricted to including only persons at least 16
occasions within a 90-day period (which may years of age who had symptomatic Covid-19
represent a single illness episode), only the first caused by the alpha or delta variant and who had
positive test was included. A maximum of three been vaccinated with either ChAdOx1 nCoV-19
randomly chosen negative test results were in- or BNT162b2 according to an appropriate schedcluded for each person. Negative tests in which ule, 19,109 sequenced cases were included (Fig.
the sample had been obtained within 3 weeks S1 in the Supplementary Appendix). The alpha
4
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variant was detected in 14,837 samples, and the analysis, the vaccine effectiveness was 87.5%
delta variant in 4272 samples.
(95% CI, 85.1 to 89.5) with the alpha variant and
79.6% (95% CI, 76.7 to 82.1) with the delta variDescriptive Characteristics
ant. With the BNT162b2 vaccine, a small differThe characteristics of persons with Covid-19 in ence in effectiveness between variants was seen
the study population according to variant are after the second dose: 93.7% (95% CI, 91.6 to
shown in Table 1. Key differences with the delta 95.3) with the alpha variant and 88.0% (95% CI,
variant included a higher proportion of persons 85.3 to 90.1) with the delta variant. The effectivewith a history of foreign travel; a higher propor- ness with two doses of the ChAdOx1 nCoV-19
tion of persons with cases in the most recent vaccine was lower than with the BNT162b2 vacweeks (calendar weeks 18 to 20); a higher pro- cine; however, with the ChAdOx1 nCoV-19 vacportion of persons with cases in the northwest cine, the difference in effectiveness between the
region, London, and the east of England; and a alpha and delta variants was small (74.5% [95%
higher proportion of persons in the “Indian or CI, 68.4 to 79.4] and 67.0% [95% CI, 61.3 to
British Indian,” “Pakistani or British Pakistani,” 71.8], respectively).
or “any other Asian background” ethnic groups.
Table S3, in which the period after the first
Little difference in the distribution of age or in- dose is stratified according to the period of 21
dex of multiple deprivation was seen. Few cases to 55 days and the period of 56 or more days,
of either variant were seen in persons older than shows a possible indication of waning efficacy
70 years of age, and only nine cases (all of which against the alpha variant with the BNT162b2
were with the alpha variant) occurred among vaccine and against the delta variant with the
ChAdOx1 nCoV-19 vaccine. Section S1 and Tacare home residents.
Among sequenced samples that were origi- bles S4 through S6 show the results of the secnally tested with the use of the TaqPath assay, a ondary analysis.
high correlation was seen between S target status and the two variants under investigation,
Discussion
with 95.3% of the S target–positive cases identified as having the delta variant and 99.6% of the We found that the absolute difference in vaccine
S target–negative cases identified as having the effectiveness against symptomatic disease with
alpha variant (Tables S1 and S2). The distribu- one dose of vaccine with the delta variant as
tion of intervals between the receipt of vaccine compared with the alpha variant was approxidoses is shown in Figure S2.
mately 12 to 19 percentage points. However, the
differences in vaccine effectiveness after two
Vaccine Effectiveness Estimates
doses were small. This was the case for both the
Results of the test-negative case–control analysis BNT162b2 and ChAdOx1 nCoV-19 vaccines. In the
are shown in Table 2 and Figure 1. In the “any test-negative case–control analysis, the estimated
vaccine” analysis, in which data from the per- vaccine effectiveness against symptomatic dissons who received either vaccine were pooled, ease with the delta variant was approximately
effectiveness was notably lower after the first 36% with a single dose of the BNT162b2 vaccine
vaccine dose among persons with the delta vari- and approximately 30% with a single dose of the
ant (30.7%; 95% confidence interval [CI], 25.2 to ChAdOx1 nCoV-19 vaccine; the effectiveness was
35.7) than among those with the alpha variant approximately 88% with two doses of the
(48.7%; 95% CI, 45.5 to 51.7). Results for the BNT162b2 vaccine and approximately 67% with
first dose were similar for both vaccines, with two doses of the ChAdOx1 nCoV-19 vaccine.
an absolute difference in vaccine effectiveness
A clear effect was noted with both vaccines,
against the delta variant as compared with the with high levels of effectiveness after two doses.
alpha variant of 11.9 percentage points with the Vaccine effectiveness against either variant was
BNT162b2 vaccine and 18.7 percentage points smaller after the receipt of two doses of the
ChAdOx1 nCoV-19 vaccine than after the receipt
with the ChAdOx1 nCoV-19 vaccine.
The difference in vaccine effectiveness was of two doses of the BNT162b2 vaccine, a finding
much smaller among persons who had received that is consistent with reported clinical trial
the second dose of vaccine. In the “any vaccine” findings.7,8 Differences between the two vaccines
n engl j med  nejm.org
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Table 1. Characteristics of Persons with Covid-19 in the United Kingdom, According to Variant.*
Characteristic
Percent of total cases

Alpha Variant
(N = 14,837)

Delta Variant
(N = 4272)

Total
(N = 19,109)

77.6

22.4

100

Age — no. (%)
16–29 yr

5,325 (35.9)

1571 (36.8)

6,896 (36.1)

30–39 yr

4,199 (28.3)

1164 (27.2)

5,363 (28.1)

40–49 yr

2,923 (19.7)

834 (19.5)

3,757 (19.7)

50–59 yr

1,532 (10.3)

465 (10.9)

1,997 (10.5)

60–69 yr

657 (4.4)

178 (4.2)

835 (4.4)

70–79 yr

163 (1.1)

47 (1.1)

210 (1.1)

38 (0.3)

13 (0.3)

51 (0.3)

≥80 yr
History of travel — no. (%)†
No
Yes
Unknown

14,689 (99.0)
100 (0.7)
48 (0.3)

4219 (98.8)

18,908 (98.9)

52 (1.2)

152 (0.8)

1 (<0.1)

49 (0.3)

Week that sample was obtained — no. (%)‡
14

3,316 (22.3)

19 (0.4)

3,335 (17.5)

15

2,780 (18.7)

53 (1.2)

2,833 (14.8)

16

2,517 (17.0)

184 (4.3)

2,701 (14.1)

17

2,156 (14.5)

372 (8.7)

2,528 (13.2)

18

1,775 (12.0)

737 (17.3)

2,512 (13.1)

19

1,263 (8.5)

1111 (26.0)

2,374 (12.4)

20

1,030 (6.9)

1796 (42.0)

2,826 (14.8)

Week of symptom onset — no. (%)‡
12

28 (0.2)

13

1,431 (9.6)

8 (0.2)

0

28 (0.1)

14

3,089 (20.8)

26 (0.6)

3,115 (16.3)

15

2,547 (17.2)

89 (2.1)

2,636 (13.8)

16

2,381 (16.0)

230 (5.4)

2,611 (13.7)

17

1,965 (13.2)

501 (11.7)

2,466 (12.9)

1,439 (7.5)

18

1,622 (10.9)

917 (21.5)

2,539 (13.3)

19

1,178 (7.9)

1311 (30.7)

2,489 (13.0)

20

596 (4.0)

1190 (27.9)

1,786 (9.3)

Female

7,681 (51.8)

2047 (47.9)

9,728 (50.9)

Male

7,151 (48.2)

2222 (52.0)

9,373 (49.1)

Sex — no. (%)

Missing data

5 (<0.1)

3 (0.1)

8 (<0.1)

Index of multiple deprivation — no. (%)§

6

1

4,780 (32.2)

1446 (33.8)

6,226 (32.6)

2

3,302 (22.3)

950 (22.2)

4,252 (22.3)

3

2,592 (17.5)

654 (15.3)

3,246 (17.0)

4

2,302 (15.5)

687 (16.1)

2,989 (15.6)
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Table 1. (Continued.)
Characteristic
5
Missing data

Alpha Variant
(N = 14,837)

Delta Variant
(N = 4272)

Total
(N = 19,109)

1,828 (12.3)

524 (12.3)

2,352 (12.3)

33 (0.2)

11 (0.3)

44 (0.2)

Clinically extremely vulnerable group — no. (%)¶
No

14,582 (98.3)

Yes

255 (1.7)

4211 (98.6)

18,793 (98.3)

61 (1.4)

316 (1.7)

4272 (100)

19,100 (100)

Care home resident — no. (%)
No

14,828 (99.9)

Yes

9 (0.1)

0

9 (<0.1)

Health or social care worker — no. (%)
No

14,621 (98.5)

Yes

4181 (97.9)

18,802 (98.4)

216 (1.5)

91 (2.1)

307 (1.6)

230 (1.6)

98 (2.3)

328 (1.7)

Race or ethnic group — no. (%)‖
Bangladeshi or British Bangladeshi
Chinese
Indian or British Indian

54 (0.4)

18 (0.4)

458 (3.1)

705 (16.5)

1,163 (6.1)

510 (11.9)

1,534 (8.0)

Pakistani or British Pakistani

1,024 (6.9)

Any other Asian background

278 (1.9)

Black African or Caribbean
White

188 (4.4)

277 (1.9)

113 (2.6)

9,662 (65.1)

1801 (42.2)

72 (0.4)

466 (2.4)
390 (2.0)
11,463 (60.0)

Mixed

234 (1.6)

71 (1.7)

Any other ethnic group

442 (3.0)

139 (3.3)

581 (3.0)

2,178 (14.7)

629 (14.7)

2,807 (14.7)

1,822 (12.3)

380 (8.9)

2,202 (11.5)

Missing data

305 (1.6)

Region — no. (%)
East Midlands
East of England

1,178 (7.9)

510 (11.9)

1,688 (8.8)

London

1,062 (7.2)

536 (12.5)

1,598 (8.4)

Northeast

977 (6.6)

69 (1.6)

1046 (5.5)

Northwest

2,664 (18.0)

2138 (50.0)

4,802 (25.1)

Southeast

847 (5.7)

198 (4.6)

1045 (5.5)

Southwest

198 (1.3)

63 (1.5)

261 (1.4)

West Midlands

1,538 (10.4)

241 (5.6)

1,779 (9.3)

Yorkshire and Humber

4,550 (30.7)

135 (3.2)

4,685 (24.5)

Missing data

1 (<0.1)

2 (<0.1)

3 (<0.1)

*	B.1.1.7 is the alpha variant, and B.1.617.2 the delta variant, of the severe acute respiratory syndrome coronavirus 2, the
virus that causes coronavirus disease 2019 (Covid-19). Percentages may not total 100 because of rounding.
†	Persons were considered to have traveled if, at the point of requesting a test, they reported having traveled outside
the United Kingdom and Ireland within the preceding 14 days or if they had been tested in a quarantine hotel or while
quarantining at home.
‡	The week number is the calendar week in 2021.
§	The index of multiple deprivation is a national indicator of level of deprivation on the basis of small geographic areas of
residence; the index ranges from 1 (least deprived) to 5 (most deprived).27
¶	The status of being in a clinically extremely vulnerable group was defined according to NHS Digital.28
‖	Race or ethnic group was determined from data in the National Immunisation Management System register.
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Table 2. Vaccine Effectiveness against the Alpha Variant or S Target–Negative Status and the Delta Variant or S Target–Positive Status,
According to Dose and Vaccine Type.*
TestNegative
Status

Alpha Variant or
S Target–Negative Status

Controls

Cases

Case:Control
Ratio

no.

no.

96,371

7313

Dose 1

51,470

2226

Dose 2

23,993

143

Dose 1

8,641

450

0.052

47.5 (41.6–52.8)

137

0.016

35.6 (22.7–46.4)

Dose 2

15,749

49

0.003

93.7 (91.6–95.3)

122

0.008

88.0 (85.3–90.1)

Dose 1

42,829

1776

0.041

48.7 (45.2–51.9)

1356

0.032

30.0 (24.3–35.3)

Dose 2

8,244

94

0.011

74.5 (68.4–79.4)

218

0.026

67.0 (61.3–71.8)

Vaccination Status

Unvaccinated

Delta Variant or
S Target–Positive Status

Adjusted Vaccine
Effectiveness
(95% CI)

Cases

%

no.

Reference

4043

0.043

48.7 (45.5–51.7)

1493

0.029

30.7 (25.2–35.7)

0.006

87.5 (85.1–89.5)

340

0.014

79.6 (76.7–82.1)

0.076

Case:Control
Ratio

Adjusted Vaccine
Effectiveness
(95% CI)
%

0.042

Reference

Any vaccine

BNT162b2 vaccine

ChAdOx1 nCoV-19
vaccine

*	The adjusted analysis of vaccine effectiveness was adjusted for period (calendar week), travel history, race or ethnic group, sex, age, index of
multiple deprivation, clinically extremely vulnerable group, region, history of positive test, health or social care worker, and care home residence. CI denotes confidence interval.

Alpha variant

100

Delta variant

Vaccine Effectiveness (%)

90
80
70
60
50
40
30
20
10
0

Any

BNT162b2

ChAdOx1 nCoV-19

Any

Dose 1

BNT162b2

ChAdOx1 nCoV-19

Dose 2

Figure 1. Vaccine Effectiveness against the Alpha and Delta Variants, According to Dose and Vaccine Type.
Shown is the effectiveness of one dose and two doses of the BNT162b2 and ChAdOx1 nCoV-19 vaccines, or either
vaccine (“any”), against symptomatic disease with the B.1.1.7 (alpha) or B.1.617.2 (delta) variant of the severe acute
respiratory syndrome coronavirus 2. I bars indicate 95% confidence intervals.

are further discussed in Section S2. The numbers of cases and follow-up periods are currently insufficient for the estimation of vaccine
effectiveness against severe disease, including
hospitalization and death.

8

One study from India that reported neutralization data in the broader B.1.617 variant category suggested that convalescent serum samples
from persons with Covid-19 and from recipients
of the BBV152 vaccine (Covaxin) were able to
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neutralize variants in the B.1.617 lineage.30 As
compared with recent findings from Qatar on
the effectiveness of the BNT162b2 vaccine against
the alpha and beta variants,17 our findings suggest that effectiveness against the delta variant
after a full vaccination course lies somewhere between these two. A comparison with previously
reported estimates of vaccine effectiveness against
the alpha variant is discussed in Section S2.
The large scale of testing and whole-genome
sequencing in the United Kingdom, as well as
the recording of vaccination status in a national
vaccination register, allowed us to analyze vaccine effectiveness within a few weeks of the
delta variant first emerging in the United Kingdom. We used two distinct analytic approaches
that gave broadly similar results, and findings
with our control analysis (using the alpha variant) are consistent with those that have been
reported previously.7,8,10,17 Findings were also similar to those in cases that occurred during the
first 2 weeks after receipt of the first vaccine
dose (Table S4), which helps to rule out unmeasured confounders associated with both the
likelihood of being vaccinated and the likelihood of being exposed to a variant. The use of a
test-negative case–control design helped us to
control for differences in health-seeking behavior
between vaccinated persons and unvaccinated
persons.
Our study has several limitations. The findings are observational and should be interpreted
with caution. Low sensitivity or specificity of
PCR testing could result in cases and controls
being misclassified, which would attenuate the
estimates of vaccine effectiveness. Low sensitivity or specificity of PCR testing could also affect
one variant more than another, although this
might be expected to affect the alpha variant
more than the delta variant, given that, with an
emerging variant, more cases may be detected
earlier in infection, which may result in higher
viral loads and increased sensitivity and specificity. Although we controlled for race or ethnic
group, region, and an index of multiple deprivation, differences in vaccine coverage among
population groups that may have more or less
exposure to the delta variant may have affected
the secondary analysis but should not have affected the test-negative case–control design.
There may also be differences among the popu-

lations that received each vaccine — for example, in younger age groups, health care workers
are more likely to have received the BNT162b2
vaccine, whereas persons in clinical risk groups
are more likely to have received the ChAdOx1
nCoV-19 vaccine.11 Furthermore, the analysis
also relied on the assumptions that any residual
confounding in the test-negative case–control
design would affect the two estimates of vaccine
effectiveness equally or at least would not bias
the adjusted odds ratio for the comparison of
vaccine effectiveness for a given vaccine against
the two variants; that is, the accuracy of the sequencing would not depend on the variant and
the propensity among symptomatic persons to
get tested would not differ according to variant.
Overall, we found high levels of vaccine effectiveness against symptomatic disease with
the delta variant after the receipt of two doses.
These estimates were only modestly lower than
the estimate of vaccine effectiveness against the
alpha variant. Our finding of reduced effectiveness after the first dose would support efforts to
maximize vaccine uptake with two doses among
vulnerable groups in the context of circulation of
the delta variant.
Surveillance of coronavirus disease 2019 (Covid-19) testing
and vaccination is undertaken under Regulation 3 of the Health
Service (Control of Patient Information) Regulations 2002 to
collect confidential patient information (www.legislation.gov
.uk/uksi/2002/1438/regulation/3/made) under Sections 3(i) (a) to
(c), 3(i)(d) (i) and (ii), and 3. The study protocol was subject to
an internal review by the Public Health England Research Ethics and Governance Group and was found to be fully compliant
with all regulatory requirements. Given that no regulatory issues were identified and that ethics review is not a requirement
for this type of work, it was decided that a full ethics review
would not be necessary.
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