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Abstract

Background: While the vaccines against COVID-19 are highly effective, COVID-19 vaccine breakthrough is possible
despite being fully vaccinated. With SARS-CoV-2 variants still circulating, describing the characteristics of individuals
who have experienced COVID-19 vaccine breakthroughs could be hugely important in helping to determine who
may be at greatest risk.

Methods: With the approval of NHS England, we conducted a retrospective cohort study using routine clinical data
from the OpenSAFELY-TPP database of fully vaccinated individuals, linked to secondary care and death registry data
and described the characteristics of those experiencing COVID-19 vaccine breakthroughs.

Results: As of 1st November 2021, a total of 15,501,550 individuals were identified as being fully vaccinated against
COVID-19, with a median follow-up time of 149 days (IQR: 107-179). From within this population, a total of 579,780
(<4%) individuals reported a positive SARS-CoV-2 test. For every 1000 years of patient follow-up time, the correspond-
ing incidence rate (IR) was 98.06 (95% Cl 97.93-98.19). There were 28,580 COVID-19-related hospital admissions,

1980 COVID-19-related critical care admissions and 6435 COVID-19-related deaths; corresponding IRs 4.77 (95% Cl
4.74-4.80), 0.33 (95% Cl 0.32-0.34) and 1.07 (95% Cl 1.06-1.09), respectively. The highest rates of breakthrough COVID-
19 were seen in those in care homes and in patients with chronic kidney disease, dialysis, transplant, haematological
malignancy or who were immunocompromised.

Conclusions: While the majority of COVID-19 vaccine breakthrough cases in England were mild, some differences
in rates of breakthrough cases have been identified in several clinical groups. While it is important to note that these
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findings are simply descriptive and cannot be used to answer why certain groups have higher rates of COVID-19
breakthrough than others, the emergence of the Omicron variant of COVID-19 coupled with the number of positive
SARS-CoV-2 tests still occurring is concerning and as numbers of fully vaccinated (and boosted) individuals increases
and as follow-up time lengthens, so too will the number of COVID-19 breakthrough cases. Additional analyses, to
assess vaccine waning and rates of breakthrough COVID-19 between different variants, aimed at identifying individu-

als at higher risk, are needed.
Keywords: COVID-19, Vaccine breakthrough, EHR data

Background

The vaccination programme for COVID-19 in the United
Kingdom (UK) was started on 8 December 2020. Vac-
cination was in order of priority groups determined by
the Joint Committee on Vaccination and Immunisa-
tion (JCVI) expert advisory group [1]: initially to people
aged 80+ years, health and care workers and care home
residents, people aged 70-79 and those extremely clini-
cally vulnerable, followed by remaining adults in order
of decreasing age or at increased risk. Three COVID-
19 vaccines, approved by the Medicines and Healthcare
products Regulatory Agency (MHRA) and requiring two
doses to produce maximum protection, are currently in
use in the United Kingdom (UK) [2]. To allow a higher
percentage of the population to receive one vaccine dose
quicker, second doses initially followed a 12-week inter-
val from the first. This interval has since been shortened.
These vaccines and their date of first administration
and current second dose schedule are as follows: the
Pfizer-BioNTech BNT162b2 mRNA COVID-19 vaccine
(BNT162b2; first administered 8 Dec 2020, second dose
at least 21 days later); the Oxford-AstraZeneca ChAdOx1
nCoV-19 vaccine (ChAdOx1; first administered 4 Jan
2021, second dose between 4 and 12 weeks later); and
the Moderna mRNA-1273 vaccine (mRNA-1273; first
administered 7 April 2021, second dose 28 days later). As
of November 1st, 2021 78.7% of individuals aged over 16
years in England had been fully vaccinated (i.e., >14 days
have passed since the receipt of their second dose of a
COVID-19 vaccine) [3].

The vaccines against COVID-19 are considered to be
highly effective and there is strong evidence that the UK’s
COVID-19 vaccination programme has reduced infec-
tion and severe outcomes in vaccinated individuals [4—
6]. However, breakthrough infections after vaccination
against SARS-CoV-2 are increasingly reported [7] and
there are concerns that the effectiveness of the vaccines
may fade over time, due to the vaccines being less effec-
tive against the delta variant, and/or the waning of the
immune response [8]. In addition, as no vaccine is 100%
effective, COVID-19 vaccine breakthrough is likely (i.e., a
small number of people will still get sick, be hospitalised,
or die from COVID-19, despite being fully vaccinated).

Describing individuals who have experienced a COVID-
19 vaccine breakthrough could provide the first indi-
cation that the COVID-19 vaccine is less effective in
certain groups and could be hugely important in helping
to determine who may be at greatest risk and therefore
might benefit most from booster doses.

To that end we used the new secure data analytics plat-
form, OpenSAFELY [9] (built by our group on behalf of
NHS England to support analysis of important questions
related to COVID-19) to describe breakthrough COVID-
19 amongst fully vaccinated individuals in England;
and to describe how breakthrough COVID-19 varied
between priority groups and by clinical and demographic
characteristics.

Methods

Data sources

This OpenSAFELY study was conducted using the
OpenSAFELY-TPP database which contains records
for approximately 24 million people currently regis-
tered with GP surgeries using TPP SystmOne software
(approximately 40% of the English population).

Study population

The base population consisted of all individuals aged
16 years or over with records indicating that they had
received two COVID-19 vaccination doses since 8
December 2020 (the earliest vaccination date in Eng-
land) and who were still alive and registered 2 weeks
after their second dose. Individuals were excluded if they
tested positive for SARS-CoV-2 or had been hospitalised
or died due to COVID-19 within the 2 weeks after their
second dose. Follow-up started 14 days after an individu-
al’s second dose of the COVID-19 vaccination (the point
by which individuals were classified as being fully vacci-
nated) and individuals were followed up until 1st Novem-
ber 2021 or until the first occurrence of the outcome of
interest, death, and practice de-registration.

Outcomes

Four outcomes were assessed: positive SARS-CoV-2
swab test, via SGSS and based on swab date (we did not
distinguish between symptomatic and asymptomatic
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infection for this outcome, nor PCR and lateral flow test-
ing); COVID-19-related hospital admissions via Hospital
Episode Statistics (HES) in-patient records (using both
primary and non-primary diagnosis codes); COVID-
19-related critical care admissions via HES and COVID-
19-related death, via linked death registry records, which
included individuals who died within 28 days of positive
SARS-CoV-2 test or who had COVID-19 mentioned on
the death certificate as one of the causes. COVID-19
hospitalisation variables were derived using two ICD-10
COVID-19 diagnosis codes; U071, U072 [10]. Outcomes
were only included if they occurred 14 days or more after
an individual’s second dose of a COVID-19 vaccination.

Priority groups for vaccination

Individuals were classified into seven priority groups
(Table 1), based on the Joint Committee on Vaccina-
tion and Immunisation (JCVI) priority groups [11] using
SNOMED-CT codelists and logic defined in the national
COVID-19 Vaccination Uptake Reporting Specification
developed by PRIMIS [12]. Individuals were assigned
only to their highest priority group and not included
again as part of any other priority group. In line with
the national reporting specification, most criteria were
ascertained using the latest available data at the time of
analysis, with the exception of age which was calculated
as at 31 March 2021 as recommended by Public Health
England.

Key demographic and clinical characteristics

Key clinical and demographic groups which were con-
sidered to have a higher possibility of experiencing a
COVID-19 vaccine breakthrough were identified from
previous studies [13—17]. This included age, sex, body
mass index (BMI kg/m?), smoking status, depriva-
tion (measured by the index of multiple deprivation
(IMD) as quintiles, ethnicity, NHS region of patient’s

Table 1 Priority groups for vaccination
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general practice, asplenia, asthma, blood pressure, can-
cer, chronic kidney disease, diabetes mellitus, dialysis,
heart disease, haematological malignancy, immunocom-
promised, learning disability, liver disease, neurological
diseases, respiratory disease, severe mental illness and
transplant. Other variables considered were time since
being fully vaccinated, time between vaccinations and
any evidence of a prior SARS-CoV-2 infection.

Codelists and implementationg

Information on all variables were obtained from primary
care records by searching TPP SystmOne records for
specific coded data. Detailed information on compila-
tion and sources for every individual codelist is available
at https://codelists.opensafely.org/ and the lists are avail-
able for inspection and re-use by the broader research
community.

Missing data
Individuals with missing ethnicity, IMD and region were
included as “Unknown”.

Statistical methods

Simple descriptive statistics were used to summarise the
counts and rates of COVID-19 vaccine breakthrough.
Rates for each outcome were estimated by dividing the
count by person-years, with 95% confidence intervals.
Counts and rates were stratified by initial priority groups
for all outcomes and by selected clinical and demo-
graphic groups.

Software and reproducibility

Data management and analysis was performed using
the OpenSAFELY software libraries, Python 3 and R
version 4.0.2. All code for the OpenSAFELY platform
for data management, analysis and secure code execu-
tion is shared for review and re-use under open licenses

JCVIrisk group Priority group

Description Name
1 Residents in a care home for older adults, aged 65+ Care home
2 All those 80 years of age and over 80+
Health and social care workers Health/care workers
3 All those 70 years of age and over 70-79
4 Clinically extremely vulnerable individuals CEV
57,89 All those 50 years of age and over 50-69

6 "At Risk”individuals, some misclassified health/care workers and care home residents

Others not in the above groups

(except those age 70+ or shielding who will be included in another group), carers,
household contacts of those at increased risk, and those not in priority groups who
had the vaccine opportunistically, e.g. by responding to calls to use up excess doses.
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at GitHub.com/OpenSAFELY. All code for data man-
agement and analysis for this paper is shared for scien-
tific review and re-use under open licenses on GitHub
(https://github.com/opensafely/covid-19-vaccine-break
through).

Patient and public involvement
Any patient or member of the public is invited to contact
us at https://opensafely.org/ regarding this study or the
broader OpenSAFELY project.

Results

Study population

Out of approximately 24 million patients, 15,501,550
individuals were identified as being fully vaccinated
against COVID-19 and included in this study (Fig. 1). The
median follow-up time was 149 days (interquartile range:
107-179 days). Since being fully vaccinated, 8,370,837
(54%) of the base population had at least one record for
a (positive/negative) SARS-CoV-2 test recorded, with
a positivity rate of 3.17%. Testing behaviours varied
between priority groups with individuals in care homes
testing more regularly than other groups; 91% of care
home residents had 3+ SARS-CoV-2 tests since being
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fully vaccinated vs 41-73% in other groups. The total
number of COVID-19 vaccine breakthrough cases was
590,279 (<4%). Table 2 shows the number and rate of
individuals fully vaccinated broken down by initial JCVI
priority groups, along with the number and rate (per
1000 patient years) of each outcome.

Positive SARS-CoV-2 test

In fully vaccinated individuals, the median number of
days to a positive test for SARS-CoV-2 was 99 (IQR
63-134 days) with a total of 579,780 individuals test-
ing positive for SARS-CoV-2 (about 1 in 25 or <4%). For
every 1000 years of patient follow-up time, the corre-
sponding incidence rate was 98.06 (95% CI 97.93-98.19).
Within the initial JCVI priority groups, positive SARS-
CoV-2 test rates were highest in the CEV group (107.84,
95% CI 107.27-108.42) and lowest in those over 80 years
of age (26.69, 95% CI 26.48-26.90). The overall cumula-
tive incidence of positive SARS-CoV-2 tests at 275 days
from the study start date was <0.1% (Fig. 2).

When broken down into clinical/demographic
groups and comorbidities (Table 3), rates of individu-
als testing positive for SARS-CoV-2 were highest in
40-40 years old (179.96, 95% CI 179.50-180.42) and

N = 15,534,640

Fully vaccinated individuals (i.e. 214 days
have passed since the receipt of an
individual's second dose of a COVID-19
vaccine), who were alive and registered
with a general practice using TPP
software on 01° November 2021

Individuals younger

than 16 years or with

v

missing gender.
N = 5,055

old
N = 15,529,585

Males and females aged over 16 years

Individuals testing
positive for
SARS-CoV-2, being

hospitalised due to

A 4

P COVID-19 or dying

from COVID-19 in the

two weeks following
their second dose

N =15,501,550

Final included in base population

N = 28,040

v

Individuals experiencing
COVID-19 vaccine breakthrough
N = 590,279

Fig. 1 Inclusion/exclusion flowchart
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CEV (age 16-69) (priority group 4)
50-69 (priority groups 5-9)

Others not in the above groups (under 50)

Cumulative incidence of COVID-19 infection
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Number at Risk

Days since being fully vaccinated

150 200 250 300

98402 93245 88686
1073144 1059706 1044133
555619 540803 513882
1990756 1979227 1958386
725043 710700 680714

Priority group

4730157 4665548 4528088
6328232 5396550 2072855
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Fig. 2 Kaplan-Meir plot for positive SARS-CoV-2 test over time, by priority group

T
150 200 250 300

lowest in individuals over 80 years of age (28.90, 95%
CI 28.69-29.11). Rates were higher in females than in
males: 102.60 (95% CI 102.42-102.78) vs 92.76 ( 95% CI
92.58-92.95), respectively. Comorbidities with the high-
est rates of positive SARS-CoV-2 tests included kidney
transplant, dialysis and immunocompromised: 143.51
(95% CI 136.46-150.93), 134.75 (95% CI 124.32-146.06),
and 91.53 (95% CI 90.91-92.15), respectively. Rates of
positive SARS-CoV-2 tests were lowest 4—8 weeks after
being fully vaccinated and highest at 12+ weeks: 48.65
(95% CI 47.97-49.33) vs 100.3 (95% CI 100.16—100.43),
respectively.

COVID-19-related hospital admission

From within the fully vaccinated population, 28,580 had a
COVID-19-related hospital admission (about 1 in 550 or
0.18%), with a median time to hospitalisation of 143 days
(IQR 102-174). Of those who had a COVID-19-related
hospital admission, 18,800 (66%) had a positive SARS-
CoV-2 test in their records; 9170 (49%) occurred prior
to an individual being hospitalised, 7030 (37%) occurred
within the first 2 days of their hospital admission, 2365
(13%) occurred between 3 and 29 days after being hos-
pitalised and 235 (1%) occurred 30 days or more after an
individual had been hospitalised.

Rates of COVID-19-related hospital admissions
increased with age: 1.09 (1.84-1.96) for 16-29 years
old vs 12.75 (12.61-12.89) for those over 80 vyears,
respectively. Rates were higher in those who were more
deprived; most deprived IMD quintile versus least
deprived IMD quintile was 7.32 (7.23-7.41) vs 3.55 (3.5—
3.61), respectively. Comorbidities with the highest rates
of COVID-19-related hospital admissions included kid-
ney transplant, dialysis, and chronic kidney disease: 76.08
(95% CI 71.03-81.49), 70.73 (95% CI 63.34-78.99), and
49.49 (95% CI 45.33-54.02), respectively.

COVID-19-related critical care admission

Of the 28,580 COVID-19-related hospital admission,
1980 needed to be admitted to critical care (about 1 in
1000 of fully vaccinated people or 1 in 14 of hospital-
ised patients), with a median time to critical care admis-
sion of 136 days (IQR 94-166). For every 1000 years of
patient follow-up time, the corresponding incidence
rate was 0.33 (95% CI 0.32—-0.34). Within the initial JCVI
priority groups, COVID-19-related critical care admis-
sions rates were highest in the CEV group (1.73, 95% CI
1.66—-1.80) and lowest in health care workers 0.10 (95%
CI10.08-0.12).



Page 7 of 14

:243

(2022) 20

The OpenSAFELY Collaborative et al. BMC Medicine

(826'914) (926'914) (¥68'914) (z6%6 (£15'200)
©OLo-€10)¥1'0 S0l (S0'0-€0°0) Y00 o€ (590-65°0) 290 924 —61'76) 9516 9g'e 006'99 lc 6 8l €S (r91-78) s€l 087980 umouun
(res'6L) (L€s'6L) (605'64) (¥8'9L sdnoib
(9£0-850) £90 SS (S¥0-1€0) 8€0 0€ (L6'€-87'€) 69°€ S6C —-88'/) S8'SL 99¢  (069'8/)0/6S 0T OL 6L 0S (6S1-64) TCL SEETYT DY YO
(919'62) (¥19'62) (185'64) (S€9z yshug
(¢£'0-550) €90 0s (L+'0-87°0) €0 S¢ (9%'5-S6'7) 0T'S Sly —6EVL) LESL 86C (969'8/)0¢€6S €C 6 8l 6V (¢1-18) g€l Ov/'yze  deIgloxdelg
(£25€1€) (595°¢1€) (vov'eLe) (026 (661'60€) ysig uelsy
(L0'1-06'0) 5610 00€ (E¥'0-9€°0) 6€0 oclL (£9°6-0¥'S) ¥S'S Sesl —76'S6) 87'96 vy 0eg'6C Ll OL 6L SS (0£1-18) ¥EL 025’106 10 uelsy
(08£'05) (6££'05) (¥9£'05) (86001 (¥91-94)
(¢90-2¥0) LSO S¢ (S#'0-87°0) S€0 0c (L1¥-95°€) 78°€ S61 -91'86) 9566 8/¢  (0£0'05) 086  SC Ll 0T ¥ 6Cl SLT'LSL PaXIN
(TrL'SSLY) (¢65'5SLY) (¢8€'€SL'Y) (8566 (99€'889'%)
(Cratsaiizal 5065 (8€°0-9€°0) LEO 091 (0¥'S-€€'9) 9€'S 005'sC -6766) £7'66 80'¢ 0/1'99%y 9z OL 6L ¥¥ (28l-6L1)¥SL S61'568'L L SUYM Apuyig
(£09'811€) (L0S'8L1€) (#6891 1°€) (€06 (czL9L0'€) Jaunioy
(6¥'1-S¥'1) L¥'L SLSY (E¥0-1¥0) ¢v0 oLel (209-€6'9) L6'S 029’8l —-89°€6) 98'€6 1453 08/'88C  ¥C OL 6l /(¥ (281-STl)9SL 698799’/ pueiuaLN)
umouun
(1£8'248'0) (905'248'0) (0¥9'9/8'7) (Lgzol (9£4'5€8'0) pue sxows
(990-€9°0) 590 0981 (¥T0-€20) ¥20 SL9 (05°€-€v'€) ov'e 0966 —€¥'201) ¢9°C0L 6l'¢ 000'l6C 9T OL 6L S¥ 9L1-16) vl 069'€€8'L -UoN bupjows
(S6€9¢v'1) (ELE9EY'L) (6v¥'SEV'L) (99901 (L6TYLY'L)
OrL1-¥€1) LEL 5961 (1£:0-990) 890 086 (lTL=L00v1'L Sszol —11°901) 6€901 L0€ So¥'0SL 9¢ oL 6L 9% (18L-SEL)6SL 0097ey'e  (0£<) 85990
(€8£'655%) (#69'6557) (980'855'%) (107'86¥'Y)
(00°1-£6'0) 86'0 Sivy (€T0-1z0) CT0 oLoL (S0¥-66'€) 20 0e€'8l  (65'S6-€'56) b'S6 oce Sle'6cy  S¢ooL 6L 9 (8£1-86) il S56'8£0°CL 95970 10N (w/6%) INg
(5¥6'59L'7) (€v8'59L'0) (155%9L'7) (s6'C6 (6£9'62L'D)
(6€'1-¥E1) LEL 08L¢ (O¥'0-¥¥0) S¥'0 0scl (05°5-1¥'S) 9F'S 080'SL —-85°76) 9/'T6 1404 SLz'ese lc 0oL 6l 0S (P£1-66) ¥l SEV'6TY'L Sew
(€€T°0€T'E) (#91'0€T’€) (¥86'87C'€) (827701 (618'C81€)
(¥8°0-18°0) 280 599¢ (#20-2Z0) €20 ovL (Czy-viv) 8Ly 00S'€L —Zy'e01) 90l 69C G959z 8¢ OL 6l € (¥81-9L1)SSL Sli'zeo's dewaS Xxas
(€89'G€9) (0£95€9) (7£8'7€9) (P20'€€9)
(SEG-£1'9) 9T'S Shee (LE0-£20) 620 08l (68TI-19CL)SLTL 5608  (L1'67-69'87) 6'8C (441 se6C8l  v¢ L vl 5SS (€lg-l6l) 00T 0SLopL’L +08
(6%71'700'1) (FL1'¥00'1) (08¥'€00'1) ey (€€¥866)
©L1=91) LLL 0csL (550-150) €50 0es (LL'/-69) €0°L 0502 —€6'LY) v1'Ty L1e S0ty 6L 8 /L 95 (161-9/1)¥8L S9€'910'T 6/-0L
(CrS'yL0'1) (86%'7L0'1) (LL1'yL0'1) (€90'%90'1)
(180-9£°0) 820 Sv8 (¢50-£¥0) 670 0€S (SPy-€€p) 6EY SlLy (1989-1'89) 9€'89 6L seL't,  veo 6 8L 6y (P£1-0SL) €91 SYT'LTy'e 69-09
(50£'60'1) (€99'607'1) (1S€'607'1) (60°SLL (856'881°1L)
(¢e0-670) LEO (VA (LE0-€€0) S€0 ocy (eze—€le)sle 0s8¢ —L¥yLL)8LYLL 6v'C 0/¥'9€l 8T OL 6L €r (€91-G€1)9pl Ovy'Tr6'T 65-0S
(128'148) (66£'1£8) (529'148) (¢ro8L-56L1) (89¢€'158)
(SL0-CL0) ¥L'0 4} (920-¢z0) ¥T0 oL (¢LT-190) 99T ocee 96'6/L 98¢ 0lZ'eSL 6 Ll 0T OF  (SS5L-€01) 9zl SL0'6SY'T 05-0F
(£21'€29) (8L1'€£9) (L0'€L9) (88'LyL (EL€'099)
(900-+00) S0°0 13 (ero-orocLo 08 (9€'7-5C0) 0€T 0SSl —S6071) Ly Lyl 0S¥ S/E'e6 ST Tl LT Ty (S¥1-t) ¥6 S91'68C'C 6€-0¢
(051'£29) (St1'£29) (€£0'229) [(YA24] (682'919)
(¢00-10°0) 200 ol (80°0-90°0) 00 oy (96'L-¥8'1) 06'L 0001 —/TTl) TTETL 7S 079'€9 ¢ Ll 1T Sh (621-1¥) 99 ozl'zee'e 6¢-91 aby
+€ T L 0
(12 %S6) (1D %S6) s1eak (1 %S6) (1D %56) s1eak (40) shep
saeak-uosiad 0001 (SAd)  -uosiad 0001 43d (SAd)  sdeak-uosiad 0001 -uosiad oo 49d (SAd) 5(%) wnipaw ‘swn
13d ajes sduapidU| qeSIUSAT ajes dUIPHU| qeSIUSAT 13d 3101 DUIPDU|  (SA) ¢eSIUIAT ajel aduapHU| qeSIUPAT (%) Aunmsod pa3onpuod s3sa dn-mojjo4 qe}Unod .
dnoul
cuoissiwpe s1ydesbowsp
Y1eap paeas 61-AIN0D 2183|2131 P3Ie|RI-6L-AINOD 6L-QINOD YuM pasijedsoH #1591 Z-\0D-SYV'S dAnISOd pajeuden Ajjn4 Ki0633e) /ledwd

sdnoub djydeibowap pue [esiuld
P123]95 AQ UMOP USY0IT dd1-AT34YSUadQ Ul S|enplAlpul paleuiddeA Ajjny Ul yiesp pue uoliesijendsoy pue sisal z-A0D-SYYS aAIIsod ybnoiyiyeaiq Jo saiel pue 1unoD € ajqel



Page 8 of 14

:243

(2022) 20

The OpenSAFELY Collaborative et al. BMC Medicine

(#89'806) (e6LLL (¢rT'e68)
(lT1=vLI1) 8Ll (¥2£'806) 0L0L (6¥'0-v¥'0) L/0 Sty (85°9-1%9) 9 (991'806) 0065 —LTLLL) LSLLL [943 SLO'SOL /¢ Ll 0T T (8/L-0LL)LSL 059'9€€'C ewyisy
(Ov/'6Y) (rL61) (81L'6Y) (cziol
(6T'1-86°0) EL'L SS (L¥'0-S0) C€0 Sl (¥6'5-LT'S) 65°S 08¢ ~/£'86) 6,66 97  (ve6'8v) 068y 0 Ll 6L OF  (98L-¥Sl) 0L 05€'80L ejuaydsy
(6962) (£1z0L (6260
d31ova3y d31ova3y a31ovd3y d3Lova3ld 919-19¢) LLY Sl —£'06) LT'96 S8'€ 08¢ S¢ LL 0C ¥¥ (F91-L9) 9L L 1439 umoudun
Jaquiny
(601'558) (099'758) (I8€LL (s€9'0v8) sylLpue
(0g'1-cz)oT’L  (2e1'ss8) 0801 (GE0-1€0) €€0 08¢ (#S'S-8€°S) OF'S 0£9% —L0ELL) PrELL 1449 09¢'s6 ¢z 6 6L 05 (18l-LLL)LSL 0zs'6L1'T SIYSHIOA
(L1T'elo) (loz'ele) (5s0710) (68201 (€€8'800) spugj
(6¥71-€€1) OF'L 00¢ (S5'0-5%0) 050 SOL (16'9-559) €£'9 Sevl —6%'101) 61201 69°¢ o'l ¢ 6 8L TS (6/1-601) 6L 009'8%S -PIN IS9M
(¢z8'L06) (508'206) (5€5'206) (16’26 (62£'968)
(£80-180) €80 09/ (Cz0o-610) 020 S8l (88°¢-6/¢) 18°€ 09€ ~/T'T6) 656 95'C 0€0'€8 /¢ OL 6L Sy (08l-LLL)TSL SETYLET 1S9M YInos
(LLT'eey) (cot'eey) (ecl'zey) (L¥'e8 (Lev'LLY)
(€6:0-78°0) 880 (VA (62°0-¥C0) LTO oLl (91%-96'€) 90t SlZL —-8578) 70'€8 S9¢C SS9'%€ Lz 0L 6L €F (08L-80L) LSL S10'8£0L iseg yinos
(296'159) (£€6'159) (109'159) (8411 (LL8'L¥S)
i) eyl 08/ (L50-5+0) 870 59¢ (S€9-¥19) 79 Stie —-G89LL) CELLL SG'E 0/6'€9 € 6 6L 6 (081-SL1)0SL Sh9'ToV'L 1S9M YHON
(€60'562) (080's62) (¥/8'%60) (csoel (¥6¥'682)
(921-19'1)89°L 14 (LS0-€¥0) L0 orl (cSL-lTn)ogL (7AY4 -8l'6C1) S8'6CL N4 065'/€ TCZ OL 0C 6k (181-GLL)OSL SLLSYL ise3 yuoN
(LLUSK0'L) (€Lo'sv0'1) (€€9'vr0'L) (or'so1 (8/9%620'1) spue| (pan
ozi-grort Slel (¢0-8€°0) 0 (44 (CES-L19) vT'S 08YS —-78%01) ¥1'501 LY'E GST'80L bz 0oL 6l 8  (LLL-€LL)0SL 0£0'204'C -PINIse] -Unuod) uoibay
OLY'56€'L) (£8g's6€'1) (5L6'76€'1) (s9z8 (19008€'1) pue|bu3
(680-78°0) £80 SlcL (L€'0-820) 620 ol (l£e-19¢) 99°¢ S0LS -91'78) L¥'C8 [4:34 SeLell [T OL 6L Wb (641-10L)6VL Sk/'679'c JO1se3
(061'80€) (81'80€) (£60'80€) (952 (9€8%0€)
(L£0-£90) L0 0cc (9z0-1z0) €20 0/ (89°€-9¥°€) LS°€ 0oLl —65°14) L0TL 6l 0/6'lc 8¢ TL 0T OF (0z1-€8) 6C1 099'168 uopuot
(ceo'syl) (620'sv1) (LL6'7P 1) (6Lett ¥oL'zy 1) (€L1-18)
(06'0-5£°0) 280 oclL (S€0-5°0) 0€0 St (SSY-0TP) LEY S€9 —€F0LL) LELLL ¥9°€ G88'sl  9¢ Ll 0T ¢¥ 6¢cl SSSTob umouun
(909'2€T'1) (085'£€T'1) (8LT'LET'L) (£L86 (9s8'0z2'1) (panudap
(58°0-08°0) 280 0¢olL (920-¥Z°0) ST0 oLe (19°€-05°€) §5°€ S6EY -17'86) 6786 86'C Sycozl  6¢ Ll 6L 1P (18L-SLL)TSL STO'SLL'E 1se9)) §
(908'687'1) (52£'68T'1) (9¢€'68'1) (€6'56 (leL'zee)
(S6'0-06'0) 260 S6lLL (L€'0-820) 620 08¢ (0L¥-86¢) V0¥ oles —-8€'G6) 59'S6 L0€ ov/'lzL [T OL 6L ¥b (18l-€LL)LSL 09¥'vLT'E 14
(evl'L6T'L) (8oL'L6T'l) (L€9'062'1) (Le1'vLT'L)
(10'1-56'0) 86'0 S9CL (2€0-62°0) 0£'0 06€ (6€7-8CY) €€ G655 (C¥6-99°€6) €6'€6 '€ 089611 GZ 0L 6L 97 (08L-601)0SL 089'8LE'E €
(9€7'060'1) (10Z'060'1) (669'6801) (969'7£01)
(€T l-211)0TL oLel (6£0-9€°0) 8€'0 oly (S'G-1€S) 8E'S 0985 (¥'86-08'26) 01’86 0g'e 0E¥'sol € 6 6L 6V (8/1-101)8¥L 0£5'148'C 4
(rLETV6) (089'L¥6) (¢svol (¥S€'LT6) (panudap
(L91-651) €9l (SSETH6) SESL (L50-9%'0) 6¥°0 09 (Ww/-€cnees 0689 -S001) 6€10L 95 00896 0C 6 8L ¥S (9/1-001)9¥L S9T615'T sou) | 3nuinb awi
+€ T L 0
(12 %S6) (1D %S6) s1eak (1> %S6) (1> %S6) s1eak (401 skep
sieak-uosiad 0001 (sAd)  -uosiad 0001 49d (SAd)  saeak-uosiad 0001 -uosiad 0001 Jod (SAd) 5(%) wnipaw ‘swn
1ad ajes eduapIdU| qeSIUSAT aje1 dUIpHU| qeSIUDAT 13d 3101 DUIPDU|  (SAd) ¢eSIUIAT ajel aduapnU| qeSIUPAT (%) Auamisod pa31onpuod s3sa dn-mojjo4 qe}Unod
puolssiwpe
oYiedp paie|21 61-AINOD 9Jed |ednld pajejdl-61-alIN0D ¢6L-AINOD YuM pasijendsoH 21591 T-\0D-SYV'S dAnIsOd pajeuden Ajjn4 Kio63a1e)

(panunuod) € ajqey



Page 9 of 14

:243

(2022) 20

The OpenSAFELY Collaborative et al. BMC Medicine

(£96'92) (196'92) (506'92) (9€'89
(81'-98'1) 10T 5SSl (€£0-550) ¥9°0 0S (828-11'8) v¥'8 059 —-8¥'99) Cv'L9 ¥z (¥8l'94)SELS 9T 8 SL LS (LLL-Lil)6SL 598'181 SSaU||! [eIUdW BIdASS
(15£'782) (12€'%82) (16'65 (51€'280)
(OF's-61'9) C€'S  (€E£L780) SLSL (rL1=10'1) 20 S0e (6¥'£1-66'91) ¥T'LL 0061 -66'85) S¥'65 €5¢C S8/9L ST 6 /Ll 05 (€61-991)08L 0€6'18S aseas|p Aiojesdsay
(e20°CLY) (909°LLY) (L00L (998'20%)
(61'7-66€) 60%  (S60TLY) 5891 (€90-550) 650 74 (lgzi-9lzL) eect S/05 —¥'69) 9969 6C'C oly'sz  0e 8 9L Sb  (e61-951)9/L SE9V/8 aseasip [ea160j0inaN
(8£9'¢S1) (£99'€51) (625'€S1) (£85LS1)
(8¥'7-€T0) 9€C 09¢ (€6:0-8£°0) 580 o€l (1801-62°01) 5501 0791 (6T'€6-7L'16) ST6 9%6'¢ 020%L 9z 0L 6l Sb (@8l-¥kl)¥9l SS8'8rE 9sSeasIp 49AI
(LLEYY) (£9€'vY) (6€€'wh) (8L
(0£'1-8610) €L°L 0S (6£0-¥50) 590 o€ (L¥'£-199) 90, SlE -8TTL) LSEL 8.1 (z68'ev)ocze €€ 9 €L Lb  (££1-9¥1)09L 0€/'20L Aunqesip bujuiea
(€0€'0v2) (co0'0v2) (5126 (910'£€0)
(€TS5—¥67)80'S  (6EE'0¥T) OTCL (L6'1-64'1)88'L (54 (1£91-6191) 59l 0S6€ -16106) €516 06C S69'lc 0 0L 8L ¥ (l6l-6SL) /L1 0€6'80S pasiwoidwodounww
(z6t05) (18+'05) (98€'05) (6£5L
(¥0'6-17'8) 298 134 (roe-250) 64T orl (90'5C-£9€0) SEVT scel -SEE€L) 9SYL l6c  (Sve'eh) STLE le 6 /L Ty (€61-991) 08l ST9'e0L K>ueubijew |esibojojewaey
(#06'158) (826'058) (5519 (ezv'vv8)
(L0—€6'€) 00  (156'158) SOVE (6£0-€£°0)9£0 059 (LGTI-€€TL) SPTL 06501 -1019) 87’19 8€C Sv/'lS 9z 6 Ll 8% (r6l—€91)08L SY8'SyL'L aseas|p 11esH
jue(dsuen)
(0£05) (8905) (8%05) (e6'LLL (¢g6Y) Asuppy
(eevi-L1L)TTel <9 Or9-or'y) €€°S SC (OV'8r-9¥'Th) 9€'St 0€C —S9°T01)61°£01 8L GES €9 L 6 TC (661-591)08L 50501 snoinaid oN
1ue(dsueny
(£911) (s9L1) (6SL1) (90971 (evLl) Asuphy
(98°0€-¢t'12) LLST 0€  (Ceve-€0o9l) L6l S¢ (66'8/-7€€9) ££°0L 08 —CEVTL) SLYEL 7S¢ SSl IS 6 Sl ST (86l-tsl)esl Shec SNOIASId siskleiq
(SL€'169) (719'069) 814, (#69'€89)
(ece-61'€)9Te  (9€¥'169) 55TT (LI'1-¢o') £0'L ovs (S9Tl-6€7T1) TSTL S¥98 -159/) 589/ 08¢ ovses vz 6 /L 05 (16l-/SL)€LL 088'9/%'L so1eqelq
(8€90) (8€97) (£290) (6788 (£092)
(L90z-+s1) 1821 St (€6'9-90%) LE'S Sl (COvS—€€SY) 6Y 61 ocl —¥0'LL) (VT8 SLL Sle ¢s L Tl 6r  (00T+91) ¥8lL 505§ G abeis
(£9090) (#90'92) (000'92) (1805
(LG€l-L1Tl) S8CL 9133 (607-95°1) 08'L St (10'L€-£8'80) T6'6C 08/ —-S0'8Y) LY'6h 61  (L06'sQ)oscL €€ 8 €L Ly (YOT-vLL) L6L oLe'Ls v obe1s
(ces'con) (L2'201) (£zs'201) (6l'zy
99/-€1')6EL S6/ (66:0-080) 680 S6 (co0z-9l'61) 6561 SoLe —-S6'07) 95l oLz (eLl'zo00)0Svy Lz L vl TS (SOZ-8Ll)T6l 05¥'90C qge abers
(005'0£2) (¥81'0L2) (69°St (808'897) oaseasip
(CL'y-88'€) 00  (¥15'0£2) 0801 (5£°0-590) 0£'0 06l (LTi-Lze) syel 0/€€ —[8VY) LTSy 8l'¢ o/l'zl  €¢ 8 9l €5 (l0z-€£1) /8L 000'62S e¢ abeis Kauppj d1uoay>
(659'62Y) (98T'6CY) (2509 (S10'92¥)
(EL'€-9677) ¥O'E  (8£9'6T) SOEL (850-150) ¥S0 SEC (C96-C€6) V6 S90% —/£'65) 5109 80C St9'sc 8¢ 6 Ll S¥ (v61-091) 08l GE6'168 (lev160j01eWRRY-UOU) J2DURD
(55T'967'€) (051'96%'€) (899'767'€) (¥z68 (£06'L5¥'€)
(Lri-sort)olt 0£8¢ (££0-5€0) 9€°0 0sclL (L6 v-¥8'7) 881 0v0'LL —76'88) 80'68 60'€ 00§'20€  v¢ OL 6L 8y (I18L-€L1) TSl S¥6'188'8 umoudun
(901'£9¢€'1) (#90°£9€'1) (F6¥'99€'1) (sE'L0L-8001) (€6¥'L¥E'L) by
(Lo1-101) vO'L ocrl (LE0-¥E0) SE0 08y 98YV—v/ V) 8Y 5959 80'10L 80¢ 007'9¢L Sz oL 6L 9 (6Ll-TTl) LSt S19'8TY'E /p1enal3
(918zel'l) (c6L'TEL'L) (eL€'T€1'L) (6sCTL (860°€L1'L)
(80°1-¢0'L) SO'L S8LL (#20-20) €C0 09¢ Ovy-cev) vy SL6Y —€6'121)9ceel e G80'9¢l 8¢ Ll 0C LY (1£1-£8) L€L S66'061'€ [eWIoN aunssaid poojg
+€ T L 0
(12 %S6) (1D %S6) s1eak (1> %S6) (1> %S6) s1eak (401 skep
saeak-uosiad 0001 (SAd)  -uosiad oo 43d (SAd)  sieak-uosiad 0001 -uosiad oo 49d (SAd) 5(%) wnipaw ‘swn
19d ajes eduapIdU| qeSIUDAT aje1 duapNU| qeSIUDAT 13d 3101 DUIPDU|  (SAd) ¢eSIUIAT ajel aduapnU| qeSIUPAT (%) Auamisod pa31onpuod s3sa dn-mojjo4 qe}Unod
euoissiwpe
oYiedp paie|21 61-AINOD 9Jed |ednld pajejdl-61-alIN0D ¢6L-AINOD YuMm pasijendsoH 21591 T-\0D-SYV'S dAnIsOd pajeuden Ajjn4 Kio631e)

(panunuod) € ajqey



Page 10 of 14

:243

(2022) 20

The OpenSAFELY Collaborative et al. BMC Medicine

uosiad |enpiAlpul ue 1oy 1531 9|dinw
apnpul Aew pue s3nsa1 3591 (3A1eH3U pue dAIISOd) JO JUNOD € S| PIIONPUOD SISTL, "SIUNOD PUE G 153189U D1 0} PIPUNOI USI] dARY (SIUSAS pue 9|doad JO) SIUNOD ||, *LZOT JOGWSAON 1510 JO SE P33eINd|ed SSWOdINO ||

(85¥'8C¢) (rL€'82€) UolI_UIDIRA
(990-£50) 190 00¢ (11'0-80°0) 600 (FS¥'8T€) 0€ (6€C-C0) 1€T SSL (SLT-te90) L1TLT 6Ll (Lv6'97€)S688  6C OL 6l ¥ (0£1-88) g€l 096'926 15| 2104eg
uoneurn
(518'6Y) (982'6Y) -OBA puUZ pue
(¥T'1-56°0) 80'L SS a31ovad3y d3Lovaiy (¢se-10€) STe 091 (95€-£6'€E) SLPE 4 (lev'6) 0Ll ¥C 6 6L 8F (991-2¥) 59 0zZE'l6L 15| Usamlag 61-AINOD +old
(619'€0S) (665'€0S) (60€°€0S) (96'58 (LL¥'26%) =low
(Loz-68'1) S6'L 086 (£§0-500) €50 (VA4 (€LL-6¥1) 192 0€8¢ —€1'58) ¥5'S8 6l¢ 0SSty lz 8 8L €5 (0£1-001)€vl 008'9¢¥’L  losyeemgl
(L£L'SET'S) (0€9'5€7') (529'€€T'S) (627001 (E¥€'191'S)
(L6:0-¥6'0) 96'0 5005 (2€0-€00) LEO SE9L (SPy-6€Y) Try ocl'ee -15°001) 59001 0ce 0/¥'6lS ST 0L 6L 9¥ (6/1-801) 0SL 0/£6'595°¢L SPIM 71-9
(88£'950) (£4£'950) (055'950) (¢soL (br2'€ST) ss3) suoneudeA
(€8'1-29'1)SL'L 0S¥ (8€0-€0°0) ¥€0 S8 (159-0T9) 5€'9 0e9l —/¥'69) 66'69 1944 0921 le 1L 8L 6£ (e8z-LLL) S8l S8l'66Y 10 oM 9 ussmiaq swll
(£96'709'S) (66£'%09'S) (€5€'209'S) (€001 (8€0'€TS'S)
(80°1-50'1) 90'L 5965 (SE0-€€0) vE0 olel (€6'7—L8%) 06 0L¥'LT -91°001) €001 w6'C 096'€5S  LC 0L 6L ¥y (¥8L-SEL)6SL 550'€S8TL Spam +71
(¥08'LL20) (108'LL2) (€82'1£0) (Le'eeL (¥62'0L0)
(S0'L-€6'0) 6610 0L¢ (€T0-810) 020 SS weT-910) ST 0L9 -¥6'LL) SYTL €9 G8s6lL /L Ll 7T 0S (92-29) 69 S60°0€Y'L SeIM T 1-8
(9z8'sol) (sz8'sol) (618's0L) (e€6¥
(8T1-L01)LL'L Scl (€z0-¥L'0)8L0 0c (cee—867)Sle 133 —/6'LY) S9'8% 60/ (865'SOL)SELS Tl 6 0T 65 (15-£8) v¥ 0/8'988 S9IM 81
(e8s'el) (08s'el) (z9e8 pajeupdea Ajjny
(EV9-€1'S) V'S 08 a31ovd3y d3Lovaly Oeel-s¥LL) LeTL 0/L —€£8L)¥1'l8 166 (695'€1) 001 L lL £ 6l €9 (€2-8) 9L SeS'LEe SpPam -0 Bulaq aduls sy
(coze) (652€) VAz43)] (8G€eL (coze)
(6T61-€L11) 9891 SS (1L€1-166)99'LL o (6T¥S—T9v) TOS 9L -/60Tl) Tl LTl L6'€ S0k 9¢ Ll 8L SE  (881-0/1)8/L 08.9  uebiosLsO
(s1sAjeip
(€020) (coco) (€610 (90'8eL (0910 snoiaid 1no
(e€/l-L1TV) TS YL o€ (£87T1-81'8) S¥0OL 14 (8'€9-9%'€S) ¥'85 oel —-¥STCL) LO0EL 9% 08¢ Ge 1L 6L 9t (lel-lLL)6LL SIS -Yum) Asupiy
(s1sAe1p
(¥087) (0082) (£8.7) (6051 (SvL0) snoiaid
(89'1C-£¥91) 681 SS (LS0C-5S1)98°LL 0S (6¥'18-€0°1£) 80'9L olc —-9b9el) LG EVL €81 S6€ L€ Ll 8L S¢  (lel-zLb)6LL SpLS  yum) Asupy juejdsues)
+€ T L 0
(12 %S6) (1D %S6) s1eak (1D %S6) (1 %S6) s1eak (o) shep
saeak-uosiad 0001 (SAd)  -uosiad ool 12d (SAd) sieak-uosiad 000 L -uosiad 001 4od (SAd) 5(%) wnipaw ‘swn
J1ad aje1 dULpHU| qeSIU9AY 9e4 dUBPHU| qeSIUAAT  Jad 31Rs DUBPDU|  (SAd) geSIUBAT 91eI3DUBPU| o SIUAAT (%) ANANISOd  PAIINPUOd SISL dn-mojjo4 qeduUnod .
dnoul
cuoissiwpe s1ydesbowsp
Y1eap paeas 61-QIN0D 2183 [ed131ID P3Ie|RI-6L-AINOD ¢61-QIAOD Yum pasijeydsoy #1591 Z-\0D-SYV'S dARISOd pajeuden Ajjn4 Ki0633e) /leswd

(PanunUOd) € 3jqey



The OpenSAFELY Collaborative et al. BMC Medicine (2022) 20:243

Rates of COVID-19-related critical care admissions
were higher in males than females and in; 0.45 (95% CI
0.44-0.46) vs 0.23 (95% CI 0.22-0.24), respectively. Rates
were higher in those who were obese compared to not
obese; BMI >30 (kg/m?) versus BMI <30 (kg/m?) was 0.68
(0.66-0.71) vs 0.22 (0.21-0.23), respectively. Comorbidi-
ties with the highest rates of COVID-19-related critical
care admissions included dialysis, kidney transplant and
chronic kidney disease: 19.74 (95% CI 16.03-24.32),
17.86 (95% CI 15.5-20.57) and 5.31 (95% CI 4.06-6.93),
respectively.

COVID-19-related death

Of those who were fully vaccinated, 6435 had a COVID-
19-related death (about 1 in 2500 or 0.04%) with a
median number of days to the death of 165 (IQR 129—
188). While the majority (43%) of deaths occurred in the
80+ JCVI priority group, COVID-19-related death rates
were three times as high amongst individuals living in
care homes compared to those over 80 years living in pri-
vate residences: 13.37 (95% CI 12.86—13.91) vs 4.64 (95%
Cl 4.56-4.73), respectively.

There were very few deaths in those under 30 years
of age with rates of COVID-19-related death increasing
with increased age: 0.02 (95% CI 0.02—-0.03) for 16-29
years old vs 5.26 (95% CI 5.17-5.35) for those over 80
years, respectively. Comorbidities with the highest rates
of COVID-19-related death included dialysis, transplant
and chronic kidney disease: 25.71 (95% CI 21.42-30.86),
18.9 (95% CI 16.47-21.68), and 17.81 (95% CI 15.40—
20.61), respectively.

Conclusions

Summary

This descriptive analysis in over 15 million people living
in England shows that COVID-19 vaccine breakthrough
is occurring; however, events are currently rare and
mostly mild in nature. Nevertheless, some individuals are
experiencing higher rates of serious illness and death due
to COVID-19, such as those in care homes, with chronic
kidney disease, on dialysis, with a transplant or who are
immunosuppressed. It is important to note that this anal-
ysis is a simple descriptive piece of analysis; rates pre-
sented here are crude, and are subject to the limitations
described below, making interpretation of potential dif-
ferences in rates of outcomes, such as when stratified by
time since vaccination, challenging. While it is possible
to adjust rates (as demonstrated for patients with chronic
kidney disease in Supplementary file 1) to help inform
decisions around rollout of vaccine/booster programme
for patients at high risk of adverse outcomes, it is impor-
tant to stress that this study was not designed to estimate
risk factors for COVID-19 vaccine breakthrough and
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thus cannot be used to answer why certain groups have
higher rates of breakthrough cases than others or to esti-
mate vaccine effectiveness.

Strengths and weaknesses

This study used large-scale, routinely-collected primary
care records, linked to coronavirus testing surveillance,
hospital, and death registry data. This allowed us to
describe a substantial proportion of the English popula-
tion in rich longitudinal detail and to detect variations
in COVID-19 vaccine breakthrough cases, as early as
possible.

We acknowledge several important limitations of these
findings. First, even though the base population con-
sisted of over 15 million fully vaccinated individuals the
numbers of COVID-19 vaccine breakthrough cases were
relatively small, especially for hospitalisations and deaths.
This made comparisons between outcomes, specifi-
cally at selected clinical and demographic levels difficult,
meaning rates could be imprecisely estimated. Second,
due to the targeted rollout of the COVID-19 vaccination
programme in England, this cohort represents mostly
older and vulnerable populations. In addition, follow-
up time is systematically different amongst individuals
included in this study and no adjustment for this has
been made. Third, asymptomatic testing patterns vary
between individuals. Apart from health and care work-
ers, asymptomatic individuals without any underlying
health issues or comorbidities are less likely to get tested
than those with underlying health issues or comorbidities
(i.e., haemodialysis patients) who will undergo asympto-
matic testing regularly. Most lateral flow tests conducted
at home are not included in our data. The number of
reported positive SARS-CoV-2 tests is therefore likely to
be an undercount of SARS-CoV-2 amongst fully vacci-
nated individuals without any underlying health issues or
comorbidities, which may have led to underestimation of
the corresponding rates. Fourth, while individuals were
excluded if they tested positive for SARS-CoV-2 or had
been hospitalised or died due to COVID-19 within the
two weeks after their second dose, we acknowledge that
there is still the potential that some patients will have
been included whose outcome was related to a previous
infection pre second vaccination. In particular, this may
affect some of the highest risk groups such as dialysis
patients and those in care homes where there is a high
amount of repeated screening in and outcomes strati-
fied by time since vaccination. As a result, there may be
a potential increase in the associated rates; as indicated
by the high positive SARS-CoV-2 test incidence rate in
those 0—4 weeks following full vaccination. Fifth, char-
acteristics linked to COVID-19 vaccine breakthrough in
fully vaccinated individuals may be reflective of higher
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infection rates regardless of vaccination in some groups,
not because of vaccination (i.e. due to higher exposure
due to behavioural differences) [18]. Finally, this study
includes data from December 2020 until November 2021,
during which time two different variants of SARS-COV-2
were dominating in England at different times; the Alpha
variant (B.1.1.7) between January 2021 and May 2021,
and the Delta variant (B.1.617.2) after June 2021 [19].
These have since been supplanted by other variants,
in particular the Omicron variant. This is a descriptive
study and does not aim to quantify the contribution of
vaccine breakthrough due to the change in dominant
variant from Alpha to Delta or the extent of waning in
the months immediately following vaccination. Further
studies are needed to assess vaccine waning and rates
of breakthrough COVID-19 between different variants
and in newer, more prevalent variants, such as Omicron
(B.1.1.529).

Findings in context

There is strong evidence that the UK’s COVID-19 vac-
cination programme has reduced infection and severe
outcomes in vaccinated individuals [4, 5]. However,
breakthrough infections after vaccination against SARS-
CoV-2 are increasingly reported [7] and there are con-
cerns that the effectiveness of the vaccines may reduce
over time, due to the vaccines being less effective against
the delta variant, and/or the waning of the immune
response [8]. While we did find that breakthrough infec-
tions were more frequent in the earlier-vaccinated indi-
viduals, potentially due to waning vaccine efficacy or
impaired immune response, further studies are needed
to gain a clearer picture of the long-term effectiveness
of COVID-19 vaccines. In addition, with only a hand-
ful of studies investigating risk factors for post-vacci-
nation infection [13, 16, 17], very little is known about
how breakthrough COVID-19 varies between key clini-
cal and demographic groups. Our findings on COVID-
19 vaccine breakthrough are consistent with patterns
observed worldwide; COVID-19 vaccine breakthrough
cases are rare and mild. However, there are potentially
several groups who are at higher risk of COVID-19 vac-
cine breakthrough including those in care-homes, with
chronic kidney disease, on dialysis, with transplants or
who are immunocompromised.

Conclusion

As of 1st November 2021, the majority of COVID-19
vaccine breakthrough cases in England were mild with
relatively smaller numbers of fully vaccinated individu-
als being hospitalised or dying as a result of COVID-
19. While these numbers are in line with expectations,
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and while follow-up time is systematically different
amongst fully vaccinated individuals and variation in
vaccination coverage between groups and regions will
have many complex drivers, some potential differences
in rates of breakthrough cases were identified in several
clinical groups. The emergence of the Omicron vari-
ant of COVID-19 coupled with the number of positive
SARS-CoV-2 tests still occurring is concerning and as
numbers of fully vaccinated (and boosted) individuals
increases and as follow-up time lengthens, so too will
the number of COVID-19 breakthrough cases. Addi-
tional analyses are therefore, to assess vaccine waning
and rates of breakthrough COVID-19 between different
variants, and to enable identification of individuals at
higher risk, who would require continued strict precau-
tions, and additional vaccination.
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