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S1. Transmission model and input parameters 

S1.1 Model equations 

 

i denotes age groups: 0-4; 5-14; 15-64; 65+ 

î denotes age groups: 5-14; 15-64; 65+ 

k denotes vaccinating age groups: 0-4; 65+ 

 

𝑑𝑆0−4

𝑑𝑡
=  𝑏𝑁 +  𝛿𝑅0−4 − 𝜆𝑖𝑆0−4 − 𝜑𝑘𝑆0−4 + Υ𝑆0−4

𝑣1 ; 

𝑑𝑆î

𝑑𝑡
=  𝛿𝑅î − 𝜆𝑖𝑆î − 𝜑𝑘𝑆î + Υ𝑆î

𝑣1 + 𝜏𝑆î; 

𝑑𝐸𝑖

𝑑𝑡
=  𝜆𝑖𝑆𝑖 − 𝜎𝜀𝐸𝑖 − 𝜀(1 − 𝜎)𝐸𝑖 − 𝑑𝐸𝑖 +  𝜏𝐸𝑖; 

𝑑𝐼𝑠𝑖

𝑑𝑡
=  𝜎𝜀𝐸𝑖 − 𝜓𝐼𝑠𝑖 − 𝑑𝐼𝑠𝑖 + 𝜏𝐼𝑠𝑖; 

𝑑𝐼𝑎𝑖

𝑑𝑡
= (1 − 𝜎)𝜀𝐸𝑖 + 𝜓𝐼𝑠𝑖 + 𝜆𝑖𝑅𝑖 −  𝛾𝐼𝑎𝑖 + 𝜏𝐼𝑎𝑖; 

𝑑𝑅𝑖

𝑑𝑡
=  𝛾𝐼𝑎𝑖 − 𝜆𝑖𝑅𝑖 − 𝛿𝑅𝑖 − 𝜑𝑘𝑅𝑖 + Υ𝑅𝑖

𝑣1  + 𝜏𝑅𝑖; 

𝑑𝑆𝑖
𝑣1

𝑑𝑡
=  𝛿𝑅𝑖

𝑣1 − 𝜆𝑖𝑆𝑖
𝑣1 + 𝜑𝑘𝑆𝑖 − Υ𝑆𝑖

𝑣1 + 𝜏𝑆𝑖
𝑣1 ; 

𝑑𝐸𝑖
𝑣1

𝑑𝑡
=  𝜆𝑖𝑆𝑖

𝑣1 − 𝜎𝑣1𝜀𝐸𝑖
𝑣1 − 𝜀(1 − 𝜎𝑣1)𝐸𝑖

𝑣1 +  𝜏𝐸𝑖
𝑣1; 

𝑑𝐼𝑠𝑖
𝑣1

𝑑𝑡
=  𝜎𝑣1𝜀𝐸𝑖

𝑣1 − 𝜓𝐼𝑠𝑖
𝑣1 + 𝜏𝐼𝑠𝑖

𝑣1; 

𝑑𝐼𝑎𝑖
𝑣1

𝑑𝑡
= (1 − 𝜎𝑣1)𝜀𝐸𝑖

𝑣1 + 𝜓𝐼𝑠𝑖
𝑣1 + 𝜆𝑖𝑅𝑖

𝑣1 −  𝛾𝐼𝑎𝑖
𝑣1 + 𝜏𝐼𝑎𝑖

𝑣1; 

𝑑𝑅𝑖
𝑣1

𝑑𝑡
=  𝛾𝐼𝑎𝑖

𝑣1 − 𝜆𝑖𝑅𝑖
𝑣1 − 𝛿𝑅𝑖

𝑣1 + 𝜑𝑘𝑅𝑖 − Υ𝑅𝑖
𝑣1 + 𝜏𝑅𝑖

𝑣1; 

 

𝜆𝑖 =  𝑞𝑖𝜅 ∑ 𝑐𝑖𝑗 (𝐼𝑠𝑖 + 𝜌(𝐼𝑎𝑖) + 𝐼𝑠𝑖
𝑣1 + 𝜌(𝐼𝑎𝑖

𝑣1))4
𝑗=1 ;   force of infection 

𝜅 = 1 + 𝑤1 𝑐𝑜𝑠 (
2𝜋𝑡

364
+ 𝑤2)       seasonal forcing 
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S1.2 Input parameters for transmission model 

 

Table 1: Input parameters for the dynamic transmission model. 

Parameter Symbol Input value 

(mean) 

95% CI Distribution Source 

Duration of symptoms 

(days) 

1/ψ 2 days - Fixed value (1–3) 

Duration of asymptomatic 

shedding (days) 

1/γ 10 days - Fixed value (1,3,4) 

Incubation period 1/ε 1 day - Fixed value (1–3) 

Aging Τ 1/365 - Fixed value (5) 

Birth rate 1/b 11.4 per 

1000 

- Fixed value (6) 

Contact rate cij Supplement 

Figure 5 

- Fixed value (7) 

Relative infectiousness 

during asymptomatic period  

ρ 0.05 - Fixed value (1,8) 

Proportion of infections 

symptomatic 

σ 0.86 0.77-0.90 Beta(94.1, 15.3) (5) 

Proportion of infections 

symptomatic in one dose 

vaccinated 

 

σv1 0.6 0.3-0.9 Fixed value Base case 

(sensitivity 

analysis) 

Duration of immunity 

(years) 

1/δ 8.89 5.84-11.8 Gaussian (5) 

Seasonal amplitude term w1 0.019 0.016-0.021 Gaussian (5) 

Seasonal offset term w2 0.211 0.080-0.340 Gaussian (5) 

Probability of infection 

between under 5s 

q1 0.18 0.15-0.21 Beta(146.1-665.4) (5) 

Probability of infection to 

over 5s 

q2 0.04 0.037-0.047 Beta(247.9-

5793.8) 

(5) 

Vaccination rate (coverage) 

<5 

φ0-4  90% - Fixed value (9) 

Vaccination rate (coverage) 

65+ 

φ65+ 75% - Fixed value (10) 

Vaccination waning dose 1 ϒ 2 years - (6mo – 8.9 yrs) Base case 

(sensitivity 

analysis) 
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S1.3 Additional model details 

Births only flow into the 0-4 age group. Death is represented by aging out of the oldest age group. No 

additional age specific death rate was implemented. Aging was implemented as described by King and 

Wearing et al. (11). Probability of transmission was represented as a 2 x 2 matrix: 

 Contact under 

5 years old 

Contact over 

5 years old 

Infected under 

5 years old 
q1 q2 

Infected over  

5 years old 
q2 q2 

 

Where q1 represent the probability of transmission from an under 5 years old infected child to an under 5 years 

old contact. Conversely, q2 represents the probability of transmission from an under 5 years old infected child to 

an over 5 years old contact. The same probability of q2 is applied for transmission from an over 5 years old 

infected individual to an under 5 years old child, and an over 5 years old infected individual to an over 5 years 

old contact. Further details of the transmission model structure and features are described in Bolt et al. (5). 

Contact is represented with cij with the following UK contact matrix from POLYMOD (7): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Force of infection is contributed by those who were symptomatic unvaccinated, asymptomatic unvaccinated, 

symptomatic vaccinated, and asymptomatic unvaccinated. We assume that unvaccinated asymptomatic 

individuals are less infectious by a factor ρ. If individuals were vaccinated and infected they were less likely to 

be symptomatic by a factor σv1, and more likely to be asymptomatic by a factor 1- σv1. Vaccination rate was 

implemented as: 

 𝑣𝑎𝑐𝑐𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 =
𝑡𝑎𝑟𝑔𝑒𝑡 𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒

𝑛𝑢𝑚𝑒𝑏𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠 𝑡𝑜 𝑟𝑒𝑎𝑐ℎ 𝑐𝑜𝑣𝑒𝑎𝑔𝑒
  

where the number of days to reach coverage was assumed to be within 365 days. 
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S1.4 Input parameters for health outcomes 

 

Table 2: Input parameters for probability of health outcomes of GP attendance, hospitalisation due to 

norovirus, hospitalisation due to norovirus induced AKI, mortality due to norovirus, and mortality due to 

norovirus induced AKI, stratified by age. 

 

† Unadjusted mortality age <18 years old, range from AKI stage 1 (0.02) to AKI stage 3 (0.18) 

‡ Unadjusted mortality age18-64 years old, range from AKI stage 1 of 18-39 year olds (0.014) to AKI 

stage 3 of 40-64 year olds  (0.254) 

¥ Unadjusted mortality age 65+ years old, range from AKI stage 1 of 65-74 year olds (0.12) to AKI stage 3 

of 75+ year olds  (0.45) 

  

Parameter Input value 

(mean) 

95% CI Distribution Source 

Norovirus GP attendance     

0-4 0.046 0.043-0.049 Beta(389.9, 

8377.2) 

(5) 

5-14 0.044 0.040-0.049 Beta(389.9,  

8377.2) 

(5) 

15-64 0.0011 0.0007-0.0018 Beta(15.3, 13937.7) (12) 

65+ 0.0021 0.0011-0.004 Beta(8, 3819.9) (12) 

Norovirus hospitalisation 

(annual) 

    

0-4 0.0033 0.00241-0.0044 Beta(40.5, 12223.3) (13) 

5-14 0.0004 0.0003-0.0005 Beta(61.4, 153540.1) (13) 

15-64 0.00026 0.0002-0.00033 Beta(61.4, 236282.2) (13) 

65+ 0.037 0.027-0.048 Beta(44.4, 1143.3) (5) 

Acute kidney injury 

hospitalisation (annual) 

    

0-4 -  - - 

5-14 -  - - 

15-64 -  - - 

65+ 0.126 0.075-0.180 Beta(19.2, 133.4) (5) 

Norovirus mortality     

0-4 0.00000625 0.0000057-

0.0000067 

Beta(600.2, 96038798.5) (14) 

5-14 0.00000466 0.0000043–

0.000005 

Beta(681, 146136237) (14) 

15-64 0.00000466 0.0000043–

0.000005 

Beta(681, 146136237) (14) 

65+ 0.000435 0.0004–0.00047 Beta(593.2, 1362972.4) (14) 

Acute kidney injury 

mortality 

    

0-4† 0.033 0.02-0.12 Beta(1.7, 49.4) (15) 

5-14† 0.033 0.02-0.12 Beta(1.7, 49.4) (15) 

15-64‡ 0.0685 0.014-0.254 Beta(1.1, 14.9) (15) 

65+¥ 0.222 0.116-0.45 Beta(5.1, 17.7) (15) 
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S1.5 Input parameters quality-of-life-loss per episode 

 

Table 3: Input parameter for quality-of-life loss per episode of GP attendance, hospitalisation due to 

norovirus, hospitalisation due to norovirus induced AKI, stratified by age.  

Parameter QALY loss 

per episode 

Range Distribution Source 

Norovirus GP 

attendance* 

    

0-4 0.00257 0.00144-0.00367 Beta(20.3, 7900.9) (16) 

5-14 0.00257 0.00144-0.00367 Beta(20.3, 7900.9) (16) 

15-64 0.00257 0.00144-0.00367 Beta(20.3, 7900.9) (16) 

65+ 0.00257 0.00144-0.00367 Beta(20.3, 7900.9) (16) 

Norovirus 

hospitalisation† 

    

0-4 0.00715 0.00565-0.00867 Beta(85.9, 11925.3) (16) 

5-14 0.00715 0.00565-0.00867 Beta(85.9, 11925.3) (16) 

15-64 0.00715 0.00565-0.00867 Beta(85.9, 11925.3) (16) 

65+ 0.00715 0.00565-0.00867 Beta(85.9, 11925.3) (16) 

Acute kidney injury 

hospitalisation‡ 

    

0-4 0.00493 0-0.0096 Beta(4, 813.2) (17) 

5-14 0.00493 0-0.0096 Beta(4, 813.2) (17) 

15-64 0.00493 0-0.0096 Beta(4, 813.2) (17) 

65+ 0.00493 0-0.0096 Beta(4, 813.2) (17) 

 

* Based on general practitioner health utility score of 0.688 (0.553-0.824) for age 18 months to 5 years. 

Duration of an episode was assumed to be 3 days. 

† Based on paediatrician utility score of 0.542 (0.445-0.638) for age 18 months to 5 years. Duration of 

episode was assumed to be 5.7 days. 

‡ AKI patient health utility score of 0.676 (0.520-1.00) for all AKI stages for mean age 65 (IQR 53-74). 

Duration of episode was assumed to be 12 days. 
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S1.6 Input parameters costs 

 

Table 4: Input parameters for costs of GP attendance, hospitalisation due to norovirus, hospitalisation due 

to norovirus induced AKI, and vaccine administration cost stratified by age. Costs inflated by 2% per year 

over the time horizon. 

Parameter Cost value (£) Range SD Distribution Source 

Norovirus GP 

attendance 

     

0-4 49 36.75-61.25 6.41 Lognormal (18) 

5-14 49 36.75-61.25 6.41 Lognormal (18) 

15-64 49 36.75-61.25 6.41 Lognormal (18) 

65+ 49 36.75-61.25 6.41 Lognormal (18) 

Norovirus 

hospitalisation* 

     

0-4 1045 543-3600 535 Lognormal (19) 

5-14 1045 543-3600 535 Lognormal (19) 

15-64 1749 403-8855 1623 Lognormal (19) 

65+ 1749 403-8855 1623 Lognormal (19) 

Acute kidney injury 

hospitalisation* 

     

0-4 - - - Lognormal (19) 

5-14 - - - Lognormal (19) 

15-64 - - - Lognormal (19) 

65+ 3730 2434-10787 2131 Lognormal (19) 

Vaccine administration 

cost* 

     

0-14 18.20 9.71-25.97 4.64 Lognormal (20) 

15+ 14.05 7.59-20.88 3.69 Lognormal (20) 

 

* Costs inflated to 2022/2023 values using the NHS cost inflation index (18) 
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S2. Additional results 

S2.1 Sampling distributions 

 

Latin hypercube sampled parameters (n = 2000) 
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S2.2 Incidence of symptomatic cases averted 

 

 
Figure 1: Incidence per 1000 population of symptomatic norovirus cases averted per age group by 

vaccination scenarios in A) V1 B) V2 C) V3. Yellow bars represent reduction in incidence in children aged 

0-4. Blue bars represent reduction in incidence in individuals aged 5-64. Purple bars represent reduction in 

incidence in adults aged 65+. 
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S2.3 Quality of life gains by vaccination strategy and discounting 

(including AKI outcomes) 

 

Table 5: Discounted quality of life gains by vaccination strategy (including AKI outcomes), age group, and 

health outcome 

 

 

Table 6: Un-discounted quality of life gains by vaccination strategy (including AKI outcomes), age group, 

and health outcome 
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S2.4 Costs by strategy and discounting (including AKI outcomes) 

 

Table 7: Discounted total costs (GBP) of health care outcomes by vaccination strategy (including AKI 

outcomes), age group, and health outcome 

 

 

Table 8: Un-discounted total costs (GBP) of health care outcomes by vaccination strategy (including AKI 

outcomes), age group, and health outcome 
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S2.5 One way sensitivity analysis (AKI outcomes excluded) 

 

 

Figure 3: One way sensitivity analysis by vaccination strategy without AKI outcomes A) V1; average 

ICER £164,054 per QALY B) V2; average ICER £289,398 per QALY C) V3; average ICER £276,572 per 

QALY as reported in Table 2. Average ICERs reported vs baseline. 
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S2.6 Vaccination cost threshold analysis 

 

Figure 4: Threshold analysis of the cost of the vaccine (GBP). Plots of average ICERs vs baseline by 

vaccination strategy V1, V2, V3. Dashed line indicates £20,000 per QALY ICER. Shaded area indicates 

ICER £13,000 - £30,000 per QALY. 
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S2.7 Incremental net monetary benefit (INMB) 

 

 

Figure 5: Incremental net monetary benefit by vaccination strategy vs baseline by A) including AKI outcomes, 

B) excluding AKI outcomes. Dashed line indicates 0 net monetary benefit. Colours denote vaccination strategy: 

orange is V1, green is V2, and blue is V3. 
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