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Supplementary material 
 

1.0 Data sources 
Cases data 
COVID-19 is a notifiable disease and Public Health England (PHE) collects data on all positive cases of 
COVID-19 in England held within the Second Generation Surveillance System (SGSS).1, 2  

Variant identification 
Confirmed Alpha and Delta cases were identified from sequencing information co-ordinated by COVID-19 
Genomics UK consortium COG-UK, which had passed quality checks and subsequently been uploaded to the 
CLIMB (Cloud Infrastructure for Big Data Microbial Bioinformatics) database.3 Variant classification was 
assigned based on lineage definitions from PHE.4  

Vaccination status 
Individual-level COVID-19 vaccination data, including date of vaccination and dosage, were derived from the 
NHS England-maintained National Immunisation Management System (NIMS),5 which includes COVID-19 
vaccination data for all individuals in England. Vaccination status at the time of positive test was calculated 
based on interval between the first positive specimen date and vaccination dates. 

Hospital care data 
Hospital care data were obtained from hospital records from the Secondary Uses Service (SUS) and Emergency 
Care Dataset (ECDS) data collections collated by NHS Digital.6, 7 SUS includes data on admissions to NHS 
hospitals is updated monthly. ECDS provides information on emergency care attendances, including those that 
result in transfer or admission, and can be updated daily depending on the Trust. Hence, combining SUS and 
ECDS can give a more timely and complete ascertainment of hospital attendance and admission.8 

Deaths 
Mortality data were taken from the PHE COVID-19 associated deaths dataset, which consolidates deaths 
reported through four sources: (i) deaths in hospitals, notified to NHS England by NHS trusts, (ii) COVID-19 
associated deaths notified to PHE Health Protection Teams during outbreak management, (iii) SARS-CoV-2-
positive laboratory test results linked with death reports from NHS records through the Demographic Batch 
Service, and (iv) Office for National Statistics death registrations where COVID-19 was mentioned on the death 
certificate that could be retrospectively linked to a laboratory confirmed COVID-19 test.9 
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2.0 Study inclusion flow diagram 
 

 

 

Figure S1: Inclusion flow diagram for study population 

  



   
 

3 
 

3.0 Sensitivity analyses 
Proportional hazards assumption 
Methods 

The proportional hazards assumption of the Cox regression model was graphically assessed using plots of the 
scaled Schoenfeld residuals by follow-up time from the primary fully adjusted models, fitted to natural cubic 
spline regression curves with four degrees of freedom. If the proportional hazards assumption is true, these 
curves are expected to be approximately constant with no trend. The assumption was formally tested using the 
Schoenfeld test. 

Results 

The Schoenfeld residuals plots showed no clear trend for either the hospital admission (Figure S1) or the 
hospital admission or emergency care attendance outcome (Figure S2). Based on the Schoenfeld test, there was 
no significant deviation from the proportional hazards assumption for either hospital admission (p=0.241) or 
hospital admission or emergency care attendance (p=0.665). 

 

 

Figure S2: Schoenfeld residuals plot for the outcome hospital admission within 14 days, for Delta compared to 
Alpha cases. 

 

Figure S3: Schoenfeld residuals plot for the outcome hospital admission or emergency care attendance within 14 
days, for Delta compared to Alpha cases. 
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Post-evaluation of confounder contribution to adjusted hazard ratios 
Methods 

Post-evaluations were performed to evaluate the relative magnitudes of the confounders’ contribution to the 
adjusted HRs for Delta compared to Alpha cases. The adjustment models were expanded in a stepwise manner, 
where each considered stratification variable was added sequentially, in the order of the resulting absolute 
percentage change in the HRs for Delta compared to Alpha cases. After all stratification variables were added, 
the regression variables to adjust for the residual effects of age and calendar date were added. Next, the stepwise 
approach was continued with the remaining considered regression variables. 

Results 

For the outcome hospital admission within 14 days, the HR for Delta vs Alpha changed the most, 83%, when 
adjusted for calendar week. Further adjustment for ethnicity, LTLA and vaccination status changed the estimate 
by between 9% and 16%. Additional adjustment for age, recent international travel, IMD and sex changed the 
HR estimate by at most 5% (Table S1). 

Similarly, for the outcome hospital admission or emergency care attendance within 14 days, the HR for Delta vs 
Alpha changed the most, 39%, when adjusted for calendar week. Further adjustment for ethnicity, LTLA, 
vaccination status and age changed the estimate by between 10% and 13%. Additional adjustment for recent 
international travel, IMD and sex changed the HR estimate by at most 1% (Table S2). 

 

 

Step Adjustments HR (95% CI),  
Delta vs Alpha 

% HR 
change 

1 Unadjusted 1.03 (0.88-1.21)  
2 Stratification for:     
        Age group 1.18 (1.01-1.39) 15% 

        Week 1.89 (1.54-2.32) 83% 

        LTLA 1.09 (0.91-1.32) 6% 

        Ethnicity 0.93 (0.79-1.09) -10% 

        Vaccination status 1.02 (0.87-1.20) -1% 
3 Stratification for: Week + …   
        Age group 1.76 (1.43-2.15) -7% 

        LTLA 2.00 (1.52-2.62) 6% 

        Ethnicity 1.62 (1.31-2.01) -14% 

        Vaccination status 1.88 (1.53-2.30) -0.5% 
4 Stratification for: Week + Ethnicity + …   
        Age group 1.51 (1.21-1.87) -7% 

        LTLA 1.77 (1.28-2.44) 9% 

        Vaccination status 1.59 (1.28-1.96) -2% 
5 Stratification for: Week + Ethnicity + LTLA + …   
        Age group 1.81 (1.14-2.88) 2% 

        Vaccination status 2.05 (1.44-2.93) 16% 
6 Stratification for: Week + Ethnicity + LTLA + Vaccination status + …   
        Age group 2.11 (1.24-3.59) 3% 
7 Stratification for: Week + Ethnicity + LTLA + Vaccination status + Age group; 

Regression adjustment for Age (linear) + Calendar date (linear) 
2.10 (1.24-3.58) -0.5% 

8 Stratification for: Week + Ethnicity + LTLA + Vaccination status + Age group; 
Regression adjustment for Age (linear) + Calendar date (linear) + …   

        Sex 2.11 (1.24-3.58) 0.5% 

        IMD 2.16 (1.27-3.69) 3% 
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        Recent international travel 2.20 (1.28-3.78) 5% 
9 Stratification for: Week + Ethnicity + LTLA + Vaccination status + Age group; 

Regression adjustment for Age (linear) + Calendar date (linear) + Recent 
international travel + … 

   

        Sex 2.21 (1.29-3.79) 0.5% 

        IMD 2.26 (1.31-3.88) 3% 
10 Stratification for: Week + Ethnicity + LTLA + Vaccination status + Age group; 

Regression adjustment for Age (linear) + Calendar date (linear) + Recent 
international travel + IMD + … 

    

        Sex 2.26 (1.32-3.89) 0.0% 
 

Table S1: Post-evaluation of the contribution to the adjusted HR of hospital admission within 14 days 
when the adjustment variables were added sequentially 

 

 

Step Adjustments HR (95% CI),  
Delta vs Alpha 

% HR 
change 

1 Unadjusted 1.39 (1.25-1.53)  
2 Stratification for:     
        Age group 1.52 (1.37-1.68) 9% 

        Week 1.93 (1.69-2.20) 39% 

        LTLA 1.28 (1.13-1.46) -8% 

        Ethnicity 1.25 (1.12-1.38) -10% 

        Vaccination status 1.38 (1.24-1.53) -0.7% 
3 Stratification for: Week + …   
        Age group 1.83 (1.60-2.09) -5% 

        LTLA 1.70 (1.42-2.03) -12% 

        Ethnicity 1.67 (1.45-1.92) -13% 

        Vaccination status 1.91 (1.67-2.18) -1% 
4 Stratification for: Week + Ethnicity + …   
        Age group 1.58 (1.37-1.82) -5% 

        LTLA 1.47 (1.20-1.80) -12% 

        Vaccination status 1.64 (1.43-1.89) -2% 
5 Stratification for: Week + Ethnicity + LTLA + …   
        Age group 1.36 (1.04-1.77) -7% 

        Vaccination status 1.62 (1.29-2.03) 10% 
6 Stratification for: Week + Ethnicity + LTLA + Vaccination status + …   
        Age group 1.45 (1.08-1.95) -10% 
7 Stratification for: Week + Ethnicity + LTLA + Vaccination status + Age group; 

Regression adjustment for Age (linear) + Calendar date (linear) 
1.41 (1.05-1.89) -3% 

8 Stratification for: Week + Ethnicity + LTLA + Vaccination status + Age group; 
Regression adjustment for Age (linear) + Calendar date (linear) + …   

        Sex 1.41 (1.05-1.90) 0.0% 

        IMD 1.42 (1.06-1.91) 0.7% 

        Recent international travel 1.43 (1.06-1.92) 1% 
9 Stratification for: Week + Ethnicity + LTLA + Vaccination status + Age group; 

Regression adjustment for Age (linear) + Calendar date (linear) + Recent 
international travel + … 

   

        Sex 1.43 (1.06-1.93) 0.0% 

        IMD 1.44 (1.07-1.94) 0.7% 
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10 Stratification for: Week + Ethnicity + LTLA + Vaccination status + Age group; 
Regression adjustment for Age (linear) + Calendar date (linear) + Recent 
international travel + IMD + … 

    

        Sex 1.45 (1.08-1.95) 0.7% 

 

Table S2: Post-evaluation of the contribution to the adjusted HR of hospital admission or emergency care 
attendance within 14 days when the adjustment variables were added sequentially 
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Alternative adjustment methods 
Methods 

Stratification controls for confounders based on fewer assumptions than regression models, but does so at the 
expense of a lower effective sample size and comparatively lower power. To assess the impact of stratification 
versus regression modelling on the HRs and 95% CIs, the primary model was refitted with one stratification 
variable instead included as a regression variable, for each of the stratification variables, and also by fitting a 
model that used regression adjustment for all confounders. These models used a random effects term for LTLA 
due to the large number of categories of this covariate, and fixed effects terms for all other confounders. 

Results 

The primary models were informed by 30.1% of the Delta cases admitted to hospital and 35.9% of the Delta 
cases admitted to hospital or attending emergency care. When each one of the variables used for stratification 
was instead included as a regression variable, a higher proportion of the events in Delta cases informed the HR 
estimates. The HRs varied between 1.70 and 2.77 for hospital admission or emergency care attendance, and 1.33 
and 1.67 for hospital admission or emergency care attendance, with somewhat narrower CIs compared to the 
HRs from the primary model. When regression adjustments were used consistently instead of stratification, by 
design all observations contributed to the estimates, and the HR of hospital admission was 1.66 (1.05-2.63) and 
the HR of hospital admission or emergency care attendance was 1.69 (1.40-2.05). 

 

Outcome Adjustment Total N 
informative 
events (%) 

N Delta 
informative 
events (%) 

HR (95% CI),  
Delta vs Alpha 

Hospital 
admission 
within 14 
days 

Primary model: Stratification for age group, ethnicity, 
LTLA, week, vaccination status; regression adjustment for 
age (linear), calendar date (linear), sex, IMD and traveller 
status 

88 (9.2%) 59 (30.1%) 2.26 (1.32-3.89) 

    
Primary model as above, but using regression adjustment 
instead of stratifying for: Age group 

218 (22.7%) 121 (61.7%) 2.04 (1.40-2.99) 

Primary model as above, but using regression adjustment 
instead of stratifying for: Ethnicity 

167 (17.4%) 114 (58.2%) 2.77 (1.83-4.20) 

Primary model as above, but using regression adjustment 
(random effect) instead of stratifying for: LTLA 

666 (69.4%) 189 (96.4%) 1.70 (1.12-2.59) 

Primary model as above, but using regression adjustment 
instead of stratifying for: Week 

418 (43.5%) 148 (75.5%) 1.81 (1.35-2.42) 

Primary model as above, but using regression adjustment 
instead of stratifying for: Vaccination status 

110 (11.5%) 68 (34.7%) 1.83 (1.13-2.95) 

Using regression adjustment for all adjustment variables 960 (100.0%) 196 (100.0%) 1.66 (1.05-2.63) 

Hospital 
admission or 
emergency 
care 
attendance 
within 14 
days 

Primary model: Stratification for age, ethnicity, LTLA, 
week, vaccination status; regression adjustment for age 
(linear), calendar date (linear), sex, IMD and traveller 
status 

280 (14.4%) 179 (35.9%) 1.45 (1.08-1.95) 

    
Primary model as above, but using regression adjustment 
instead of stratifying for: Age group 

572 (29.4%) 331 (66.5%) 1.57 (1.25-1.98) 

Primary model as above, but using regression adjustment 
instead of stratifying for: Ethnicity 

486 (25.0%) 306 (61.4%) 1.62 (1.27-2.05) 

Primary model as above, but using regression adjustment 
(random effect) instead of stratifying for: LTLA 

1475 (75.8%) 482 (96.8%) 1.67 (1.40-1.99) 

Primary model as above, but using regression adjustment 
instead of stratifying for: Week 

1015 (52.2%) 389 (78.1%) 1.59 (1.32-1.92) 

Primary model as above, but using regression adjustment 
instead of stratifying for: Vaccination status 

357 (18.3%) 221 (44.4%) 1.33 (1.02-1.74) 

Using regression adjustment for all adjustment variables 1946 (100.0%) 498 (100.0%) 1.69 (1.40-2.05) 

  

Table S3: Analysis to assess the impact of stratification versus regression modelling on the effective 
sample size, and HRs and 95% CIs for Delta vs Alpha cases 
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Alternative adjustment variables, subgroup analyses and outcome definitions 
Methods 

To assess the sensitivity of the HR estimates to the stratification by region or calendar period, the primary model 
was refitted, instead stratified by upper-tier local authority (UTLA: 150 areas), PHE Region (PHEC: 9 regions), 
or exact specimen date. To exclude the possibility that the estimates were driven by confounding due to recent 
travellers, the models were refitted after excluding this subgroup. The primary analysis did not adjust for 
symptomatic status due to the possibility that symptom profile may be in the causal pathway between variant 
and outcomes. In a sensitivity analysis, symptomatic status was instead adjusted for, or separate models were 
fitted to the subgroups of symptomatic or asymptomatic cases. Finally, the sensitivity of the results to the 
outcome definitions were assessed by varying the definition to expand or restrict the profile of events considered 
as outcomes. 

Results 

Stratifying by UTLA instead of LTLA decreased the HR estimates for hospital admission to 1.68 (1.05-2.69); 
and to 1.39 (1.06-1.83) for emergency care attendance or hospital admission (Table S1). Stratifying by PHEC 
region instead of LTLA reduced the point estimate of the HR for hospital admission, and increased the precision 
of the estimate (HR 1.64 (1.26-2.13)), due to larger effective sample sizes when stratifying by a broader area. 
Stratifying by PHEC region also increased the HR for emergency care attendance or hospital admission, to 1.61 
(1.36-1.91). 

Stratifying by exact calendar date instead of calendar week resulted in a similar HR for hospital admission of 
2.05 (1.15-3.65) and a larger HR for emergency care attendance or hospital admission of 1.63 (1.16-2.31). 

Excluding recent travellers from the analyses made little difference to the estimated HR: 2.09 (1.38-3.18) for 
hospital admission and 1.51 (1.17-1.95) for emergency care attendance or hospital admission. 

Adjustment for symptomatic status only marginally changed the estimates: estimated HR 2.24 (1.29-3.87) for 
hospital admission and 1.44 (1.07-1.94) for emergency care attendance or hospital admission. Consistently, 
subgroup analyses by symptomatic status showed similar HR point estimates of both outcomes for symptomatic 
and asymptomatic cases. 

When varying the outcome definitions, the estimates were similar when including injury-related events (hospital 
admission HR 2.26, 95% CI 1.31-3.88; emergency care attendance or hospital admission HR 1.41, 95% CI 1.05-
1.89), after restricting to only consider hospital admissions with >0 days’ stay in hospital (HR 2.11, 95% CI 
1.08-4.10), or after restricting to only consider events 1-14 days after specimen (hospital admission HR 2.23, 
95% CI 1.29-3.84; emergency care attendance or hospital admission HR 1.46, 95% CI 1.08-1.98). The HRs 
were somewhat lower when the outcome definitions were instead expanded to include events on day 0 that 
fulfilled the other criteria (hospital admission HR 1.74, 95% CI 1.09-2.76; emergency care attendance or 
hospital admission HR 1.41, 95% CI 1.07-1.85) or when including all events on days 0-14 regardless of the 
additional criteria (ICD10 codes and length of stay) used for the main outcome definitions (hospital admission 
HR 1.57, 95% CI 1.01-2.44; emergency care attendance or hospital admission HR 1.34, 95% CI 1.02-1.75), but 
the CIs consistently excluded 1. 

 

 

Sensitivity analysis 
Hospital 
admission 

Hospital admission or 
emergency care 
attendance 

  
HR (95% CI), 
 Delta vs Alpha* 

HR (95% CI),  
Delta vs Alpha* 

Base model 2.26 (1.32-3.89) 1.45 (1.08-1.95) 

Stratification for UTLA instead of LTLA  1.68 (1.05-2.69) 1.39 (1.06-1.83) 

Stratification for PHEC region instead of LTLA 1.64 (1.26-2.13) 1.61 (1.36-1.91) 

Stratification for exact calendar date instead of week † 2.05 (1.15-3.65) 1.63 (1.16-2.31) 

Excluding recent travellers (n = 1903) 2.09 (1.38-3.18) 1.51 (1.17-1.95) 

Adjustment for symptomatic status 2.24 (1.29-3.87) 1.44 (1.07-1.94) 

Subgroup analysis: Asymptomatic cases 2.02 (0.54-7.56) 1.48 (0.76-2.91) 
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Subgroup analysis: Symptomatic cases 2.40 (1.06-5.46) 1.46 (0.92-2.30) 

Alternative outcome definition: Including attendances due to injuries (n = 69) 2.26 (1.31-3.88) 1.41 (1.05-1.89) 
Alternative outcome definition: Only considering hospitalisations with >0 days' stay 
in hospital 2.11 (1.08-4.10) -- 
Alternative outcome definition: Only considering events 1-14 days after specimen 
(excluding events on day 0) 2.23 (1.29-3.84) 1.46 (1.08-1.98) 
Alternative outcome definition: Including all events 0-14 days after specimen that 
fulfilled the criteria regarding length of stay or ICD code 1.74 (1.09-2.76) 1.41 (1.07-1.85) 
Alternative outcome definition: Including all events 0-14 days after specimen 
regardless of length of stay or ICD code 1.57 (1.01-2.44) 1.34 (1.02-1.75) 

* Adjusted HRs based on stratified Cox regression. Unless otherwise specified the models were stratified for 10-
year age group, ethnicity, LTLA, week, vaccination status; and using regression adjustment for exact age, exact 
date, sex, IMD and traveller status. 
† Stratification for exact calendar date, 10-year age group, LTLA; regression adjustment for exact age, sex, 
ethnicity, IMD, vaccination status and traveller status. 
 

Table S4: Sensitivity analyses 
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