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Summary

Background - The objectives of this study were to investigate whether vaccine efficacy against severe COVID-19

has decreased since Delta became the predominant variant; (2) whether efficacy wanes with time since second dose.

Methods Efficacy was estimated in a matched case-control study that includes all diagnosed cases of COVID-19

in Scotland up to 8 September 2021. The main outcome measure was severe COVID-19, defined as cases with entry

to critical care or fatal outcome.

Findings - Efficacy of vaccination against severe COVID-19 decreased in May 2021 coinciding with the

replacement of the B.1.1.7 (Alpha) by the B.1.617.2 (Delta) variant in Scotland, but this decrease was reversed over

the next month. In the most recent time window, the efficacy of two doses was 91% (95 percent CI 87% to 94%) for

the AstraZeneca product and 92% (95 percent CI 88% to 95%) for mRNA (Pfizer or Moderna) products. Efficacy of

the AstraZeneca product against severe COVID-19 declined with time since second dose to 69% (95 percent CI 52%

to 80%) at 20 weeks from second dose. Efficacy of mRNA vaccines declined in the first ten weeks from second dose

but more slowly thereafter to 93% (95 percent CI 88% to 96%) at 20 weeks from second dose.

Interpretation - These results are reassuring with respect to concerns that efficacy against severe COVID-19

might have fallen since the Delta variant became predominant, or that efficacy of mRNA vaccines wanes with

increasing time since second dose. However it is now clear that efficacy of the AstraZeneca vaccine against severe

COVID-19 wanes substantially by 20 weeks from second dose. This supports the case for additional protective

measures for those at risk of severe disease, including but not limited to booster doses, at times when transmission

rates are high or expected to rise. The basis for recommending booster doses in relatively low-risk individuals however
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depends upon whether boosters are effective in reducing transmission and on the extent to which policy is focused

on reducing transmission in the population.

Funding - No specific funding was received for this work. HC is supported by an endowed chair from the AXA

Research Foundation.
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Research in context

Evidence before this study

Several reports have suggested that efficacy of COVID-19 vaccines has fallen since the Delta variant became

predominant, or that efficacy wanes with time since second dose. The starting point for this study was

the evidence of waning efficacy cited by the CDC (up to 9 December 2021) and the UK Joint Committee

on Vaccination and Immunisation (up to 15 November 2021) in support of their recommendations that

booster doses should be delivered to the general population. We searched reports and supporting documents

issued by these agencies since the start of vaccination for mention of studies that investigated waning of

efficacy of COVID-19 vaccines; where no link to the original report was given, other sites including preprint

servers were searched to retrieve it. We also searched PubMed, with no language restrictions, using the

terms (SARS-CoV-2 OR COVID-19) AND vaccines AND (effectiveness OR efficacy) for studies published

between 1 April 2021 and 1 November 2021; this search did not identify any additional studies of waning of

efficacy.

Added value of this study

This study focuses on severe COVID-19 – cases that were fatal or required critical care – as the primary

outcome measure. This is less susceptible to ascertainment bias than diagnosed infection, and more specific

than hospitalisation. The results show that efficacy of both AstraZeneca and mRNA vaccines against severe

COVID-19 remains high (around 90%) in the most recent time window, but that efficacy of the AstraZeneca

vaccine wanes to about 70% by 20 weeks from second dose. In contrast efficacy of the mRNA vaccines wanes

rapidly at first but stabilises at about 90% by 20 weeks from second dose.

Implications of all the available evidence

This study and others suggest that efficacy of mRNA vaccines against severe disease caused by the Delta

variant remains high up to at least 5-6 months after second dose, but efficacy after 20 weeks against newer

variants remains to be established.

Introduction

Recent reports have suggested that efficacy of vaccines against COVID-19 infection may have fallen since the

B.1.617.2 (Delta) variant became predominant1–6. Other studies have raised concerns that efficacy may wane with

time since second dose3,7,8. These concerns have led US and UK advisory bodies9,10 to recommend booster doses for

the general population.

Studies of efficacy against infection are subject to ascertainment bias unless they are based on testing at

predetermined regular intervals3. Studies of efficacy against severe COVID-19, defined as cases that are fatal

or require critical care, are less susceptible to ascertainment bias and this is also the outcome most relevant to

health-care capacity. The objectives of this study were to investigate for the two main classes of vaccine: (1) whether
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efficacy against severe COVID-19 has decreased since Delta became the predominant variant; (2) whether efficacy of

two doses against severe COVID-19 wanes with time since second dose.

Methods

The design of the REACT-SCOT case-control study has been described in detail previously11,12. In brief, for

every incident case of COVID-19 in the Scottish population ten controls matched for one-year age, sex and primary

care practice and alive on the day of presentation of the case that they were matched to were selected using the

Community Health Index database. Individuals previously diagnosed with COVID-19 were excluded from the

sampling of incident cases and matched controls. Diagnosed cases of COVID-19 were those with a positive nucleic

acid test, a hospital discharge diagnosis coded as COVID-19, or a death certificate with mention of COVID-19.

All nucleic acid tests for SARS-CoV-2 in Scotland are held in the ECOSS database. For the community testing

programme (Pillar 2), PCR cycle thresholds for each channel are reported, allowing Delta and Alpha variants to be

distinguished based on S gene dropout. As previously, to minimise ascertainment bias we pre-specified the primary

outcome measure as severe COVID-19, defined as diagnosed cases with entry to critical care within 21 days of first

positive test, death within 28 days of first positive test or any death for which COVID-19 was coded as underlying

cause11. We also examined as a secondary outcome the broader category of hospitalised or fatal COVID-19, with

hospitalisation defined as admission within 14 days of first positive test. Though the REACT-SCOT study samples

all diagnosed cases together with matched controls, the analyses reported here are restricted to severe or hospitalised

cases, as defined above, together with their matched controls. Though the data extract included cases presenting up

to 22 September 2021, the analyses reported here are restricted to cases and controls presenting from 1 December

2020 to 8 September 2021, ensuring follow-up for at least 14 days after presentation date to allow classification of

hospitalisation and (for most cases) severity based on entry to critical care or fatal outcome.

The vaccination programme in Scotland began on 8 December 2020. By 24 March 2021 half the adult population

had received a first dose, and by 7 June half the adult population had received a second dose13. Vaccination status

was defined by the number of doses received at least 14 days before presentation date.

The incidence density sampling design controls not only for the matching factors of age, sex and primary care

practice but also for calendar time. Rate ratios for severe COVID-19 were estimated from conditional logistic

regression models. The efficacy of vaccination is 1 minus the rate ratio. Covariates included in each model were

those previously identified as strong predictors of severe disease in this population: care home residence, clinical risk

category (no risk condition, moderate risk condition, clinically extremely vulnerable), number of non-cardiovascular

drug classes dispensed in last 240 days and recent hospital stay11,12,14. The criteria used to assign clinical risk

categories are described in the Supplementary Material.

To investigate the effect of the Delta variant we examined how efficacy varied with calendar time, and to

investigate possible waning we examined how efficacy varied with time since last dose. To show these relationships

without predefined categories, the initial analysis presents line plots of log rate ratios estimated within sliding 42-day

time windows against calendar time and against time since last dose. These sliding time windows were used only

to generate plots. For a formal comparison between time periods before and after Delta became the predominant
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variant, we defined 15 June 2021 as a cutoff date for when Delta became the predominant variant in Scotland, and

estimated rate ratios before and after this date.

A key question for policy is whether the early waning of vaccine efficacy after the second dose tapers off after

a few months. To investigate this we compared the fit of two families of model: (1) a “waning to zero efficacy”

model in which the effect of vaccination on the scale of log rate ratio decays exponentially to zero with time since

second dose encoded as a term of the form exp (−t log 2/h), where t is the time since second dose and h is the decay

half-life); (2) a “waning to constant efficacy” model in which the effect of vaccination is the sum of two terms: a

waning effect as above and a term for vaccination status that does not decay with time since second dose. For each

of these two model families, a model was fitted for each value of the decay half-life over a sequence of values from 10

to 500 days and a profile likelihood confidence interval for the half-life was obtained as the range of half-life values

over which the log-likelihood of the model was within 1.92 natural log units of its maximum value15. Comparison

between the best-fitting waning to zero model and the best-fitting “waning to constant efficacy” model was based on

the difference in log-likelihood between these nested models.

Funding

No specific funding was received for this work. HC is supported by an endowed chair from the AXA Research

Foundation.

Results

Tables S2 and S3 show the distributions of risk factors in cases and their matched controls, for the 5645 severe

cases and the 21879 cases in the broader category of hospitalised or fatal. These results are provided for reference

only: the reader is cautioned that unconditional odds ratios calculated from these tables cannot be used to estimate

rate ratios because of the matched design16,17. Figure S1 shows the vaccination status by calendar month of those

sampled as age-matched controls of the hospitalised or fatal cases. Of those who had received two doses of an mRNA

vaccine by the date of the latest extract, 9% had received the Moderna product. In those who had received two

doses of vaccine, the median and interquartile range of the time since second dose was 112 (IQR 78 to 139) days in

hospitalised or fatal cases during the study period and 96 (IQR 60 to 132) days in their matched controls.

Vaccine efficacy before and after the Delta variant became predominant

Figure S2 shows how the Delta variant (with no S gene dropout in the PCR test) replaced the Alpha variant (with

S gene dropout) in Scotland over a few weeks in May to June 2020. Figure 1 (a) shows that this was accompanied

by a temporary increase in the rate ratio for severe disease (corresponding to a decline in efficacy) associated with

a single dose of vaccine, but that by July 2021 the rate ratio had retured to the pre-Delta value. The rate ratios

associated with two doses of vaccine show a similar perturbation during May-June 2021, but the estimates of rate

ratios for this period are imprecise because at this time few individuals had received their second dose. To compare

the rate ratio before and after the date that the Delta variant became predominant, a conditional logistic regression

model was fitted with the effect of two doses versus none nested within each level of an indicator variable defined as

presentation date on or after 15 June 2021. The rate ratio for severe disease associated with two doses of vaccine was
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0.47 (95% CI 0.41 to 0.56) before 15 June and 0.30 (95% CI 0.27 to 0.33) from 15 June onwards. The confidence

interval for the rate ratio before 15 June is wide because few individuals had received two doses before April 2021

and there were few severe cases from April to May 2021. Figure 1 (b) shows that the rate ratio for the broader

category of hospitalised or fatal disease associated with two doses of vaccine increased (and thus efficacy was lower)

after the Delta variant became predominant. The rate ratio was estimated as 0.44 (95% CI 0.41 to 0.47) before 15

June and 0.40 (95% CI 0.38 to 0.41) from 15 June onwards

Figure 1 (a) shows that against severe COVID-19, the efficacy of two doses of the AstraZeneca and mRNA

vaccines did not differ after May 2021, but Figure 1 (b) shows that against the broader category of hospitalised or

fatal COVID-19 the AstraZeneca vaccine had lower efficacy than the mRNA vaccines. In the most recent 42-day

time window centred on 29 July 2021, the efficacy of two doses against severe COVID-19 was 91% (95 percent CI

87% to 94%) for the AstraZeneca product and 92% (95 percent CI 88% to 95%) for mRNA (Pfizer or Moderna)

products. Against the broader category of hospitalised or fatal COVID-19, efficacy in this time window was slightly

lower for the AstraZeneca product [86% (95 percent CI 83% to 88%)] than for mRNA vaccines [90% (95 percent CI

88% to 92%)].

Vaccine efficacy by time since second dose

Figure 2 (a) shows that the log rate ratio for severe COVID-19 increases (and thus efficacy decreases) over

the first ten weeks after the second dose for both AstraZeneca and mRNA vaccines. After this the slope of this

relationship flattens for mRNA vaccines but not for the AstraZeneca vaccine. Figure 2 (b) shows the same analysis

for the broader category of hospitalized or fatal COVID-19. In the 42-day time window centred on 20 weeks from

second dose, the efficacy of the AstraZeneca product against severe COVID-19 is 69% (95 percent CI 52% to 80%)

but the efficacy of mRNA vaccines is 93% (95 percent CI 88% to 96%). For efficacy against hospitalised or fatal

COVID-19 at 20 weeks from second dose the corresponding estimates were 58% (95 percent CI 50% to 64%) and

89% (95 percent CI 86% to 91%).

Figure S3 shows the relation of efficacy against hospitalisation to time since second dose by clinical risk category.

The differences between the AstraZeneca vaccine and the mRNA vaccines in pattern of waning is evident in each

risk category: thus these differences cannot be explained by the different risk profiles of those who received mRNA

vaccines and those who received AstraZeneca vaccines.

Modelling of the relation of efficacy to time since second dose was based on comparison of “waning to zero

efficacy” and “waning to constant efficacy” models as described above. Results are shown in Table S1. The decay

curves corresponding to the best-fitting waning to constant efficacy model for each outcome are shown in Figure S4.

For severe COVID-19, there was no clear evidence (difference in log-likelihood < 2) favouring waning to constant

efficacy over waning to zero. For the broader category of hospitalised or fatal COVID-19, there was strong evidence

favouring waning to constant efficacy over waning to zero. For mRNA vaccines the model best supported by the

data was one in which efficacy was the sum of a rapidly waning effect with half-life of 16 (95% CI 4 to 102) days

and a time-invariant efficacy of 93%. For the AstraZeneca vaccine the model with waning to constant efficacy was

supported, but with a much longer decay half-life (lower bound 211 days) such that the decay curve up to 30 weeks

is barely distinguishable from a straight line.
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Conclusions

Statement of principal findings

• The efficacy of two vaccine doses against severe COVID-19 in the most recent time windows is around 92%

and differs only slightly between AstraZeneca and mRNA products. Efficacy against the broader category of

hospitalised or fatal COVID-19 is lower for the AstraZeneca vaccine than for mRNA vaccines (86% versus

90%). The replacement of the Alpha by the Delta variant in May 2021 was accompanied by a temporary

reduction of efficacy against severe disease: a possible explanation is that the early spread of the new variant

was associated with higher infecting doses as suggested by the lower PCR cycle threshold values recorded in

surveillance data for England18.

• Efficacy of mRNA vaccines against severe or hospitalised COVID declines during the first ten weeks after the

second dose but stabilises thereafter at about 90%. Efficacy of the Astra Zeneca vaccine continues to decline to

about 60% at 20 weeks. Although the logarithmic scale is the natural scale on which to model effects on rates,

we emphasize that changes on this scale do not equate to changes in absolute risk: thus a twofold increase

in the rate ratio can represent a decline of efficacy from 97.5% to 95%, or a decline from 80% to 60%. It is

natural to model waning as an exponential decay of the log rate ratio (a linear effect would imply that efficacy

eventually becomes negative). Although a model in which efficacy against hospitalisation is the sum (on a

scale of log rate ratio) of a rapidly-waning effect and a time-invariant effect is supported by these data, the

underlying mechanism of this is not clear, as the rate of decline of neutralising antibodies induced by mRNA

vaccines19 appears too slow to explain the rapid decline of efficacy in the first two months since second dose.

Strengths and limitations

Strengths of this study are the focus on severe COVID-19 as an outcome measure for which ascertainment

is complete and ascertainment bias should be minimal, the elimination of confounding by calendar time in the

matched case-control design, and the ability to control for confounding by comorbidities and recent inpatient stay

through linkage to electronic health records. Confounding by unmeasured health-seeking behaviour is likely to occur

where the unvaccinated are a small and possibly extreme minority, but even towards the end of the study period

more than 20% of controls remained unvaccinated. The clear difference in waning between the two vaccine types

cannot easily be explained by confounding by differences in health-seeking behaviour between unvaccinated and

vaccinated individuals. The incidence density case-control design excludes those who have previously tested positive

for COVID-19: a study of reinfections will be reported elsewhere. Our estimates for waning of mRNA vaccines are

based almost entirely on the Pfizer vaccine: only recently has the Moderna vaccine been used in Scotland. For

the secondary outcome of hospitalised or fatal COVID-19 the numbers of events are larger but we cannot easily

distinguish admissions caused by COVID-19 from admissions for other conditions where a positive COVID test is

an incidental finding on admission. Where hospitalisations with COVID-19 are misclassified as hospitalisations

caused by COVID-19, efficacy of a vaccine against hospitalisation caused by COVID-19 may be underestimated if its

efficacy against test-positive infection is lower than its efficacy against disease.
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For investigating the possible effect of the Delta variant on efficacy, a limitation is that we do not have direct

measurements of variant type except for those cases ascertained through Pillar 2 testing; however in Scotland the

Alpha variant was almost completely replaced by Delta over a few weeks in May-June 202120, and the effect of this

is visible in the time window plots as a temporary perturbation of efficacy. As few people had received their second

dose before April 2021 and from April to May 2021 the number of severe cases was low, estimates of efficacy of

two doses against severe COVID-19 are based mainly on cases occurring after May 2021. Although the effects of

calendar time and time since second dose are confounded with other factors not considered in this analysis including

seasonality, the build-up of natural immunity, and the changing morbidity profile of cases, the objective of this study

is to establish whether efficacy is waning in the population as a whole and thus to lay an evidence base for policy.

Comparison with other studies

Several studies have suggested that vaccine efficacy against infection may have fallen since Delta became the

predominant variant, or that efficacy wanes with increasing time since second dose. For efficacy against infection,

the most reliable evidence is from the UK Office of National Statistics (ONS) Covid-19 Infection Survey, based on

regular monthly PCR testing: a study based on this reported that efficacy against infection had fallen from 79%

to 67% for the AstraZeneca vaccine since Delta became the predominant variant, but had remained around 80%

for the Pfizer vaccine3. Three other recent studies from the UK2,20,21 using test-negative controls have estimated

recent efficacy against symptomatic infection to be lower for the AstraZeneca vaccine than for the Pfizer vaccine.

In Scotland a recent study based on community testing (where Delta and Alpha variants can be distinguished)

estimated efficacy against mortality from the Delta variant to be around 90% for both vaccines22, similar to our

estimate for the broader outcome of all diagnosed cases of severe COVID-19.

A recent study from the Kaiser Permanente Health Program showing that efficacy of two doses of the Pfizer

vaccine against hospitalisation with COVID-19 remained around 90% after six months since second dose are

consistent with our findings23. A more recent study from South Carolina reported that efficacy of the Pfizer vaccine

against hospitalisation and death remained around 88% after 7 months24. In contrast a case-control study based

on 21 US hospitals estimated that efficacy against hospitalisation declined to 77% after 120 days since second

dose25; interpretation of this result is complicated by the use of a control sampling frame comprising test-negative

hospitalised individuals. Few studies have compared the waning of efficacy of mRNA and AstraZeneca vaccines

against hospitalisation. A recent study from Public Health England based on data up to 3 September 2021 estimated

that efficacy against hospitalisation beyond 20 weeks from second dose remained around 92% for the Pfizer vaccine,

but declined to 77% for the AstraZeneca vaccine21, rather less than the decline to about 60% that we estimate.

Limitations of the study from Public Health England are the restriction to cases ascertained from Pillar 2 community

testing (likely to have less comorbidity than cases ascertained in health-care settings) and the test-negative control

design, which is not necessary where the outcome under study is hospitalisation (for which case ascertainment should

be complete).

Policy implications

On the basis of reports that vaccine efficacy against SARS-CoV-2 had fallen since Delta became the predominant

variant, and that efficacy waned with time since second dose, the CDC and FDA recommended booster doses for all
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adults in the US9 though the Vaccines and Related Biological Products Advisory Committee subsequently limited

their recommendation to those aged over 65 years. In the UK the JCVI recommended booster doses for all those

aged over 50 years10 and later updated this to lower the age threshold to 40 years26. Others have expressed doubts

about the evidence of waning efficacy, and argued that “currently available evidence does not show the need for

widespread use of booster vaccination in populations that have received an effective primary vaccination regimen.”27.

A report from Public Health England suggested that declining efficacy against infection might even be beneficial in

the long term by “boosting the primed immune system of vaccinees who would experience mild or asymptomatic

infections.”28

With respect to the Delta variant, our results are more reassuring than earlier reports, in that we find that

while efficacy of a single dose of vaccine against severe COVID-19 declined when the Alpha variant was replaced

by the Delta variant, this decline was only temporary. As for waning of efficacy with time since second dose, it is

now clear that but although efficacy of mRNA vaccines against severe COVID-19 and hospitalisation appears to

stabilise at about 90% after rapid waning in the first 10 weeks from second dose, the efficacy of the AstraZeneca

vaccine against severe disease continues to wane to about 60% by 20 weeks. This supports the case for additional

protective measures for those at risk of severe disease, including but not limited to booster doses, at times when

transmission rates are high or expected to rise. The basis for recommending booster doses in relatively low-risk

individuals however depends upon whether boosters are effective in reducing transmission in the population and

upon the balance between policies that focus on reducing transmission and policies that focus on protecting the

vulnerable during the transition to endemicity.
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Figure 1: Relation of vaccine efficacy to calendar time: (a) severe COVID-19 (single-dose categories for AZ and mRNA vaccines have

been combined as the numbers of events in those with 1 dose of mRNA vaccine were small); (b) hospitalised or fatal COVID-19. Rate

ratios in conditional logistic regression model, adjusted for covariates. For each effect, line thickness is proportional to precision (inverse

variance) of estimate, scaled to the same maximum thickness for each effect.
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Figure 2: Relation of vaccine efficacy to time since last dose: (a) severe COVID-19; (b) hospitalised or fatal COVID-19. Rate ratios in

conditional logistic regression model, adjusted for covariates. For each effect, line thickness is proportional to precision (inverse variance)

of estimate, scaled to the same maximum thickness for each effect.
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Supplementary Material

Assignment of clinical risk categories

Clinically extremely vulnerable

A list of of those designated as “clinically extremely vulnerable” and thus eligible for shielding was generated by

Public Health Scotland in March 2020 onwards and regularly updated since. The list was generated by querying

health-care information systems including hospital discharge records, prescription encashments, regional cancer

chemotherapy databases, haematology registries and transplant registries. This search was supplemented by direct

requests to clinicians in relevant specialties29. The categories designated as eligible for shielding were as listed

below29,30:

1. Solid organ transplant recipient

2. Cancer of the blood or bone marrow at any stage of treatment, or people with cancer receiving treatments

that affect the immune system

3. Severe respiratory conditions including cystic fibrosis, severe asthma and severe chronic obstructive airway

disease, on home oxygen, severe bronchiectasis, pulmonary hypertension)

4. Rare diseases that increase the risk of infections such as severe combined immunodeficiency, homozygous

sickle-cell disease.

5. People on immunosuppression therapies sufficient to increase risk of infection

6. Pregnant with heart disease

7. Additional conditions, including people on renal dialysis, those who had had a splenectomy and others identified

by clinicians as requiring shielding advice.

Moderate risk condition or no risk condition

Those not designated as clinically extremely vulnerable were scored as “moderate risk condition” or “no risk

condition” based on scoring for any of eight conditions designated by public health agencies as moderate risk

conditions for COVID-1931. As described previously, scoring of these conditions was based on diagnostic codes

in any hospital discharge record during the last five years, or encashed prescription within the last 240 days

of a drug for which the only indications are in that group of diagnostic codes11. The R code for derivation

of these variables from ICD-10 codes and BNF drug codes is available at https://github.com/pmckeigue/covid-

scotland_public/blob/master/comorbidity.R. Diagnosed cases of diabetes were identified through linkage to the

national diabetes register (SCI-Diabetes), with a clinical classification of diabetes type as Type 1, Type 2 or

Other/Unknown.
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Supplementary Figures
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Figure S1: Vaccination status of controls matched to hospitalised or fatal cases, by calendar month
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Figure S2: Daily number of test-positive cases in Scotland detected in the Pillar 2 (community) testing programme, by S gene dropout

status (a marker for the Alpha variant)
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Figure S3: Relation of efficacy of two doses of vaccine against hospitalised or fatal COVID-19 to time since last dose by risk group: (a)

AstraZeneca vaccine; (b) mRNA vaccines. Rate ratios in conditional logistic regression model, adjusted for covariates. For each effect,

line thickness is proportional to precision of estimate
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Table S1: Comparison of models for waning of efficacy

Waning model Product Outcome Difference in

log-likelihood

Decay half-life (days)

To zero AZ Severe 0.0 85 (95% CI 65 to 127)

To constant efficacy AZ Severe 1.4 >500 (95% CI 68 to Inf)

To zero mRNA Severe 0.0 >500 (95% CI 201 to Inf)

To constant efficacy mRNA Severe 1.4 20 (95% CI 3 to Inf)

To zero AZ Hospitalised 0.0 37 (95% CI 33 to 46)

To constant efficacy AZ Hospitalised 1071.7 >500 (95% CI 215 to Inf)

To zero mRNA Hospitalised 0.0 116 (95% CI 67 to 396)

To constant efficacy mRNA Hospitalised 224.5 16 (95% CI 4 to 102)

Differences in log-likelihood > 11 natural log units are significant at p < 0.001

Conditional logistic regression models include care home residence, clinical risk category,

number of non-cardiovascular drug classes and recent inpatient stay as covariates

Table S2: Rate ratios for severe COVID-19

Univariate Multivariable

Controls (50096) Cases (5645) Rate ratio (95%

CI)

p-value Rate ratio (95%

CI)

p-value

Care home 2471 (5%) 951 (17%) 5.1 (4.6, 5.7) <0.0001 5.2 (4.6, 5.8) <0.0001

Clinical risk category

No risk condition 28668 (57%) 1576 (28%) . .

Moderate risk condition 17606 (35%) 2892 (51%) 3.31 (3.09, 3.55) <0.0001 1.96 (1.81, 2.13) <0.0001

Eligible for shielding 3822 (8%) 1177 (21%) 6.5 (5.9, 7.1) <0.0001 2.99 (2.67, 3.34) <0.0001

Number of

non-cardiovascular drug

classes

2 (IQR 1 to 5) 6 (IQR 3 to 9) 1.20 (1.20, 1.21) <0.0001 1.12 (1.11, 1.13) <0.0001

Recent hospital stay 1050 (2%) 1459 (26%) 16.9 (15.3, 18.6) <0.0001 11.7 (10.5, 12.9) <0.0001

Vaccination status

Not vaccinated 2693 (5%) 260 (5%) . .

1 dose mRNA vaccine 2282 (5%) 247 (4%) 1.76 (1.40, 2.21) <0.0001 1.18 (0.92, 1.51) 0.2

1 dose AZ vaccine 5595 (11%) 499 (9%) 0.47 (0.37, 0.60) <0.0001 0.38 (0.29, 0.49) <0.0001

2 doses mRNA vaccine 2630 (5%) 142 (3%) 0.29 (0.22, 0.39) <0.0001 0.21 (0.15, 0.29) <0.0001

2 doses AZ vaccine 36879 (74%) 4495 (80%) 2.59 (2.14, 3.13) <0.0001 2.99 (2.43, 3.68) <0.0001

Presentation dates from 1 December 2020 to 8 September 2021.

Vaccination status defined as number of doses received at least 14 days before presentation date.

Controls matched for age, sex, and primary care practice on date of presentation of case.

Multivariable model includes all covariates in the table
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Table S3: Rate ratios for hospitalised or fatal COVID-19

Univariate Multivariable

Controls (204154) Cases (21879) Rate ratio (95%

CI)

p-value Rate ratio (95%

CI)

p-value

Care home 5807 (3%) 2054 (9%) 4.25 (3.98, 4.54) <0.0001 3.33 (3.07, 3.61) <0.0001

Clinical risk category

No risk condition 135486 (66%) 8914 (41%) . .

Moderate risk condition 56229 (28%) 9277 (42%) 2.98 (2.88, 3.08) <0.0001 1.82 (1.75, 1.90) <0.0001

Eligible for shielding 12439 (6%) 3688 (17%) 5.6 (5.3, 5.8) <0.0001 2.63 (2.48, 2.79) <0.0001

Number of

non-cardiovascular drug

classes

2 (IQR 0 to 4) 4 (IQR 2 to 8) 1.19 (1.19, 1.20) <0.0001 1.12 (1.12, 1.13) <0.0001

Recent hospital stay 3301 (2%) 5337 (24%) 21.3 (20.2, 22.5) <0.0001 14.7 (13.9, 15.5) <0.0001

Vaccination status

Not vaccinated 12676 (6%) 1451 (7%) . .

1 dose mRNA vaccine 12005 (6%) 796 (4%) 0.63 (0.56, 0.70) <0.0001 0.59 (0.53, 0.67) <0.0001

1 dose AZ vaccine 32928 (16%) 3373 (15%) 0.56 (0.51, 0.62) <0.0001 0.45 (0.40, 0.50) <0.0001

2 doses mRNA vaccine 17468 (9%) 793 (4%) 0.22 (0.20, 0.25) <0.0001 0.19 (0.17, 0.22) <0.0001

2 doses AZ vaccine 128992 (63%) 15460 (71%) 1.69 (1.55, 1.84) <0.0001 2.00 (1.83, 2.19) <0.0001

Presentation dates from 1 December 2020 to 8 September 2021.

Vaccination status defined as number of doses received at least 14 days before presentation date.

Controls matched for age, sex, and primary care practice on date of presentation of case.

Multivariable model includes all covariates in the table
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