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Supplementary Table S1 Definitions of analysis groups (before the index date of 1 July 2022)
	Age group
	Immunocompromising condition/medication
	Other comorbidity groups

	12–17 years
	Any immunocompromising condition
	Diabetes (type 1 or 2)

	18–49 years
	Primary immunodeficiency ≤ 5 years prior
	Obesity (BMI ≥ 30 kg/m2)a

	50–64 years
	Secondary immunodeficiency ≤ 12 months prior
	Down's syndrome

	≥ 65 years
	High-dose or long-term moderate-dose corticosteroids treatment
	Sickle cell disease

	≥ 70 years
	B-cell therapy ≤ 1 year prior
	Thalassaemia

	≥ 75 years
	End-stage kidney disease or dialysis ≤ 5 years prior
	Multiple sclerosis

	≥ 80 years
	Solid organ transplant (solid organ or islet transplant, not including corneal transplants) ≤ 5 years prior
	Motor neurone disease

	
	Stem cell transplants ≤ 2 years prior
	Myasthenia gravis

	
	Solid tumour ≤ 5 years prior
	Huntington's disease

	
	Haematological malignancy ≤ 5 years prior
	Chronic heart diseaseb

	
	Advanced or untreated human immunodeficiency virus
	Cerebrovascular disease

	
	
	Chronic liver disease

	
	
	Chronic lung diseasec

	
	
	Pulmonary hypertension

	
	
	Chronic kidney disease (stage ≥ 4)


BMI body mass index
Immunocompromising conditions/medications were not mutually exclusive. Individuals could have at least one immunosuppressive condition or medication. For the total immunocompromised population, individuals were only counted once
aIdentified by diagnostic code or BMI for adults aged ≥ 18 years
bInclusive of myocardial infarction, congestive heart failure, peripheral vascular disease and acute thrombosis
cInclusive of asthma, chronic obstructive pulmonary disease and bronchiectasis
Supplementary Table S2 Baseline characteristics of the immunocompromised cohort (individuals aged ≥ 12 years) in England
	Characteristic
	Immunocompromised cohort 
(N = 475,900)

	Age (years), mean (SD)
	66.2 (16.3)

	Age group, n (%)
	

	12–17 years
	3990 (0.8)

	18–49 years
	66,605 (14.0)

	50–64 years
	117,865 (24.8)

	65–79 years
	188,080 (39.5)

	≥ 80 years
	99,360 (20.9)

	Sex, n (%)
	

	Male
	227,230 (47.7)

	Female
	248,660 (52.3)

	Missing
	< 10 (n/a)

	Ethnicity, n (%)a
	

	White
	394,935 (83.0)

	Black
	13,600 (2.9)

	South Asian
	19,230 (4.0)

	Other
	15,100 (3.2)

	Missing
	33,035 (6.9)

	BMI (kg/m2), for individuals aged ≥ 18 years 
	

	Mean (SD)b
	28.0 (6.2)

	Median (IQR)c
	27.1 (7.4)

	Charlson Comorbidity Index
	

	Mean (SD)b
	3.3 (2.6)

	Median (IQR)c
	2 (2.0)

	Number of nonimmunocompromising comorbidities, n (%)d
	

	0
	116,595 (24.5)

	1
	148,600 (31.2)

	2
	111,815 (23.5)

	≥ 3
	98,885 (20.8)

	Death during follow-up, n (%)e
	34,715 (7.3)


		INFORM Flu Analysis
BMI body mass index, n/a not applicable, NHS National Health Service
In accordance with data protection rules set out by NHS England, data with < 10 counts have been suppressed, while other counts have been rounded to the nearest five or zero; hence, n values shown may not tally with the % values
aEthnicity distribution in the overall population is greatly biased by the large proportion of ‘Unknown’. Census data for England and Wales in 2021 point to an ethnicity distribution of 82% White and 18% Black, Asian, mixed, or other ethnic groups. Source: https://www.ethnicity-facts-figures.service.gov.uk
bIndividuals with missing values excluded from denominator in calculations of summary statistics such as mean, median and SD
cValues represent the difference between the 25% and 75% percentile of the associated distribution
dNonimmunocompromising comorbidities include diabetes, obesity, current or former smoking, Down's syndrome, sickle cell disease, thalassemia, multiple sclerosis, motor neurone disease, myasthenia gravis, Huntington's disease, chronic heart disease, cerebrovascular disease, chronic liver disease, chronic lung disease, pulmonary hypertension and cystic fibrosis
eFollow-up from the 1 July 2022 to 30 June 2023, or until the date of death if earlier
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Supplementary Table S3 Influenza ICU admissions in the total analysis sample (individuals aged ≥ 12 years), overall and by immunocompromising condition/medication, in England, between 1 July 2022 and 30 June 2023
	
	ICU admission, Na
	ICU admissions, %b
	Total PY
	Crude IR (per 10,000 PY)
	Crude IR 
95% CI
	aIRRc
	aIRR 
95% CI

	All individuals
	425
	100
	12,012,430
	0.35
	0.30–0.41
	–
	–

	IC individuals
	65
	15.3
	457,285
	1.42
	1.13–1.71
	3.22
	2.42–4.28

	Primary immunodeficiency
≤ 5 years prior
	< 10
	n/a
	9165
	4.37
	2.32–6.41
	10.80
	3.95–29.51

	Secondary immunodeficiency ≤ 12 months prior
	15
	3.5
	89,550
	1.79
	1.13–2.44
	3.98
	2.38–6.64

	High-dose/long-term
moderate-dose corticosteroids
	< 10
	n/a
	5315
	1.88
	0–4.57
	3.58
	0.48–26.58

	B-cell therapy ≤ 12 months prior
	0
	n/a
	380
	0
	n/a–n/a
	0
	n/a–n/a

	End-stage kidney disease 
or dialysis ≤ 5 years prior
	20
	4.7
	22,035
	9.08
	7.76–10.40
	19.02
	11.96–30.25

	Solid organ transplant
≤ 5 years prior 
	< 10
	n/a
	7220
	6.93
	4.62–9.23
	16.56
	6.73–40.76

	Stem cell transplants ≤ 2 years prior
	< 10
	n/a
	1505
	33.22
	28.17–38.28
	80.21
	32.58–197.49

	Solid tumour ≤ 5 years prior
	20
	4.7
	297,360
	0.71
	0.35–1.07
	1.30
	0.82–2.05

	With active treatment
(SACT ≤ 6 months prior)
	< 10
	n/a
	24,555
	1.63
	0.38–2.88
	3.11
	1.13–8.51

	Haematological malignancy
≤ 5 years prior
	15
	3.5
	58,635
	2.90
	2.09–3.71
	5.69
	3.44–9.41

	With active treatment
(SACT ≤ 6 months prior)
	< 10
	n/a
	8085
	6.19
	4.01–8.37
	11.59
	4.70–28.61

	Advanced or untreated HIV
	0
	n/a
	470
	0
	n/a–n/a
	0
	n/a–n/a



aIRR adjusted incidence rate ratio, HIV human immunodeficiency virus, IC immunocompromised, ICU intensive care unit, IR incidence rate, n/a not applicable, NHS National Health Service, PY person-years, SACT systemic anti-cancer therapy
aCounts are rounded to the nearest five in compliance with the NHS Privacy Policy
bPercentages are based on the total number of influenza events in the total analysis sample (individuals aged ≥ 12 years)
cAdjusted for age and sex, comparing the IR of individuals with the condition/medication specified in each row to the IR in individuals who do not have the condition/medication specified in that row



Supplementary Table S4 Influenza ICU admissions with recent COVID-19 in the total analysis sample (individuals aged ≥ 12 years), overall and by immunocompromising condition/medication, in England, between 1 July 2022 and 30 June 2023
	
	ICU admission, Na
	ICU admissions, %b
	Total PY
	Crude IR (per 10,000 PY)
	Crude IR 
95% CI
	aIRRc
	aIRR 
95% CI

	All individuals
	35
	100
	12,012,430
	0.03
	0–0.09
	–
	–

	IC individuals
	< 10
	n/a
	457,285
	0.20
	0–0.49
	5.27
	2.33–11.92

	Primary immunodeficiency
≤ 5 years prior
	0
	n/a
	9165
	0
	n/a–n/a
	0
	n/a–n/a

	Secondary immunodeficiency ≤ 12 months prior
	< 10
	n/a
	89,550
	0.34
	0–0.99
	8.27
	2.45–27.88

	High-dose/long-term
moderate-dose corticosteroids
	0
	n/a
	5315
	0
	n/a–n/a
	0
	n/a–n/a

	B-cell therapy ≤ 12 months prior
	0
	n/a
	380
	0
	n/a–n/a
	0
	n/a–n/a

	End-stage kidney disease 
or dialysis ≤ 5 years prior
	< 10
	n/a
	22,035
	2.27
	0.95–3.59
	55.51
	20.70–148.85

	Solid organ transplant
≤ 5 years prior 
	0
	n/a
	7220
	0
	n/a–n/a
	0
	n/a–n/a

	Stem cell transplants ≤ 2 years prior
	< 10
	n/a
	1505
	19.93
	14.88–24.99
	540.64
	160.08–1825.90

	Solid tumour ≤ 5 years prior
	< 10
	n/a
	297,360
	0.07
	0–0.43
	1.25
	0.28–5.48

	With active treatment
(SACT ≤ 6 months prior)
	< 10
	n/a
	24,555
	0.41
	0–1.66
	7.93
	1.03–60.86

	Haematological malignancy
≤ 5 years prior
	< 10
	n/a
	58,635
	0.51
	0–1.32
	11.00
	3.19–37.89

	With active treatment
(SACT ≤ 6 months prior)
	< 10
	n/a
	8085
	2.47
	0.29–4.65
	49.52
	11.33–216.48

	Advanced or untreated HIV
	0
	n/a
	470
	0
	n/a–n/a
	0
	n/a–n/a



aIRR adjusted incidence rate ratio, HIV human immunodeficiency virus, IC immunocompromised, ICU intensive care unit, IR incidence rate, n/a not applicable, NHS National Health Service, PY person-years, SACT systemic anti-cancer therapy
aCounts are rounded to the nearest five in compliance with the NHS Privacy Policy
bPercentages are based on the total number of influenza events with COVID-19 in the total analysis sample (individuals aged ≥ 12 years)
cAdjusted for age and sex, comparing the IR of individuals with the condition/medication specified in each row to the IR in individuals who do not have the condition/medication specified in that row

Supplementary Table S5 Influenza ICU admissions in the total analysis sample (individuals aged ≥ 12 years), overall and by other comorbidities, in England, between 1 July 2022 to 30 June 2023 
	
	ICU admissions, Na
	ICU admissions, %b
	Total PY
	Crude IR (per 10,000 PY)
	Crude IR 95% CI
	aIRRc
	aIRR 95% CI

	All individuals
	425
	100
	12,012,430
	0.35
	0.30–0.41
	–
	–

	Diabetes (type 1 or 2)
	100
	23.5
	881,640
	1.15
	0.94–1.35
	2.81
	2.20–3.59

	Obesity (BMI ≥ 30 kg/m2)d
	145
	34.1
	2,264,225
	0.65
	0.52–0.78
	1.89
	1.53–2.33

	Down's syndrome
	< 10
	n/a
	4635
	2.16
	0–5.04
	7.87
	1.06–58.35

	Sickle cell disease
	< 10
	n/a
	13,410
	0.75
	0–2.44
	2.40
	0.32–17.76

	Thalassaemia
	< 10
	n/a
	11,875
	0.84
	0–2.64
	2.38
	0.32–17.61

	Multiple sclerosis
	< 10
	n/a
	16,205
	0.62
	0–2.16
	1.44
	0.19–10.69

	Motor neurone disease
	< 10
	n/a
	1400
	14.31
	9.07–19.55
	27.63
	6.68–114.23

	Myasthenia gravis
	0
	n/a
	3585
	0
	n/a–n/a
	0
	n/a–n/a

	Huntington's disease
	0
	n/a
	1050
	0
	n/a–n/a
	0
	n/a–n/a

	Chronic heart diseasee
	90
	21.2
	474,430
	1.85
	1.57–2.14
	4.74
	3.62–6.19

	Cerebrovascular disease
	25
	5.9
	230,890
	1.08
	0.67–1.49
	1.97
	1.28–3.04

	Chronic liver disease
	35
	8.2
	124,525
	2.89
	2.34–3.45
	6.88
	4.84–9.78

	Chronic lung diseasef
	170
	40.0
	1,638,620
	1.04
	0.88–1.19
	3.83
	3.13–4.68

	Pulmonary hypertension
	10
	2.4
	15,980
	6.88
	5.33–8.43
	12.58
	6.74–23.48

	Chronic kidney disease
(stage ≥ 4)
	15
	3.5
	29,125
	4.46
	3.32–5.61
	8.00
	4.46–14.34


aIRR adjusted incidence rate ratio, BMI body mass index, ICU intensive care unit, IR incidence rate, n/a not applicable, NHS National Health Service, PY person-years, 
aCounts are rounded to the nearest five in compliance with the NHS Privacy Policy 
bPercentages are based on the total number of influenza events in the total analysis sample (individuals aged ≥ 12 years) 
cAdjusted for age and sex, comparing the IR of individuals with the condition specified in each row to the IR in individuals who do not have the condition specified in that row
dFor individuals aged ≥ 18 years
eInclusive of myocardial infarction, congestive heart failure, peripheral vascular disease and acute thrombosis
fInclusive of asthma, chronic obstructive pulmonary disease and bronchiectasis
Supplementary Table S6 Influenza ICU admissions with recent COVID-19 in the total analysis sample (individuals aged ≥ 12 years), overall and by other comorbidities, in England, between 1 July 2022 and 30 June 2023 
	
	ICU admission, Na
	ICU admissions, %b
	Total PY
	Crude IR (per 10,000 PY)
	Crude IR 
95% CI
	aIRRc
	aIRR 
95% CI

	All individuals
	35
	100
	12,012,430
	0.03
	0–0.09
	–
	–

	Diabetes (type 1 or 2)
	15
	42.9
	881,640
	0.15
	0–0.36
	4.38
	2.09–9.17

	Obesity (BMI ≥ 30 kg/m2)d
	15
	42.9
	2,264,225
	0.07
	0–0.20
	2.53
	1.28–5.01

	Down's syndrome
	< 10
	n/a
	4635
	2.16
	0–5.04
	108.3
	14.12–830.59

	Sickle cell disease
	0
	n/a
	13,410
	0
	n/a–n/a
	0
	n/a–n/a

	Thalassemia
	0
	n/a
	11,875
	0
	n/a–n/a
	0
	n/a–n/a

	Multiple sclerosis
	0
	n/a
	16,205
	0
	n/a–n/a
	0
	n/a–n/a

	Motor neurone disease
	< 10
	n/a
	1400
	7.15
	1.91–12.40
	142.07
	18.49–1091.71

	Myasthenia gravis
	0
	n/a
	3585
	0
	n/a–n/a
	0
	n/a–n/a

	Huntington's disease
	0
	n/a
	1050
	0
	n/a–n/a
	0
	n/a–n/a

	Chronic heart diseasee
	10
	28.6
	474,430
	0.23
	0–0.52
	7.12
	3.18–15.94

	Cerebrovascular disease
	< 10
	n/a
	230,890
	0.17
	0–0.58
	3.65
	1.18–11.29

	Chronic liver disease
	< 10
	n/a
	124,525
	0.48
	0–1.04
	13.03
	5.28–32.13

	Chronic lung diseasef
	15
	42.9
	1,638,620
	0.09
	0–0.24
	3.89
	1.96–7.71

	Pulmonary hypertension
	< 10
	n/a
	15,980
	0.63
	0–2.18
	12.13
	1.54–95.60

	Chronic kidney disease
(stage ≥ 4)
	< 10
	n/a
	29,125
	1.37
	0.22–2.52
	33.23
	10.48–105.33



aIRR adjusted incidence rate ratio, BMI body mass index, ICU intensive care unit, IR incidence rate, n/a not applicable, NHS National Health Service, PY person-years.
aCounts are rounded to the nearest five in compliance with the NHS Privacy Policy
bPercentages are based on the total number of influenza events with COVID-19 in the total analysis sample (individuals aged ≥ 12 years)
cAdjusted for age and sex, comparing the IR of individuals with the condition specified in each row to the IR in individuals who do not have the condition specified in that row
dFor individuals aged ≥ 18 years
eInclusive of myocardial infarction, congestive heart failure, peripheral vascular disease and acute thrombosis
fInclusive of asthma, chronic obstructive pulmonary disease, and bronchiectasis
Supplementary Fig. S1 Proportion of severe influenza outcomes with recent COVID-19, by age group, in the total analysis sample (individuals aged ≥ 12 years), in England, between 1 July 2022 and 30 June 2023.
 [image: ]
Crude proportions were calculated based on values rounded to the nearest five. ND proportions could not be calculated because values were < 10. The grey bars represent individuals aged ≥ 12 years, the maroon bars represent the analysis age groups, and the light pink bars represent subgroups of the ≥ 65 years age group. ICU intensive care unit, ND non-determinable
Supplementary Fig. S2 Sensitivity analysis of crude IRs of severe influenza outcomes, by age group, in individuals aged ≥ 12 years, in England, between 1 July 2022 and 30 June 2023.
[image: ]
In the primary analysis, influenza hospitalisation was defined as one or more overnight stays with an influenza International Classification of Diseases, 10th revision (ICD-10) code (J10, J09, J10.8, J11.8, J10.1, J11.1, J10.0, J11.0, J11) recorded in any position in the HES database; discharge and rehospitalisation within 7 days were considered to be the same event. Influenza ICU admission was defined as ICU admission occurring during an influenza hospitalisation. Influenza mortality was defined as any influenza ICD-10 code recorded in the top five underlying or contributory causes of death in the ONS mortality data. In the sensitivity analysis, influenza hospitalisation was defined as one or more overnight stays with an influenza ICD-10 code in the primary position (i.e., primary diagnosis) in the HES database, and influenza mortality was defined as any influenza code as the underlying cause of death in the ONS mortality data.
Crude (unadjusted) IR per 10,000 PY with 95% CIs were calculated as the number of events divided by PY at risk. ICU intensive care unit, IR incidence rate, PY person-years 

Supplementary Fig. S3 Sensitivity analysis of unadjusted IRRs of severe influenza outcomes, by age group, in individuals aged ≥ 12 years, in England, between 1 July 2022 and 30 June 2023.
[image: ]
In the primary analysis, influenza hospitalisation was defined as one or more overnight stays with an influenza International Classification of Diseases, 10th revision (ICD-10) code (J10, J09, J10.8, J11.8, J10.1, J11.1, J10.0, J11.0, J11) recorded in any position in the HES database; discharge and rehospitalisation within 7 days were considered to be the same event. Influenza ICU admission was defined as ICU admission occurring during an influenza hospitalisation. Influenza mortality was defined as any influenza ICD-10 code recorded in the top five underlying or contributory causes of death in the ONS mortality data. In the sensitivity analysis, influenza hospitalisation was defined as one or more overnight stays with an influenza ICD-10 code in the primary position (i.e., primary diagnosis) in the HES database, and influenza mortality was defined as any influenza code as the underlying cause of death in the ONS mortality data.
IRRs (95% CI) compare the IR of individuals with the age specified in each row to the IR in individuals who do not have the age specified in that row. ICU intensive care unit, IR incidence rate, IRR incidence rate ratio 
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