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ABSTRACT

Co-circulation of influenza and SARS-CoV-2 has the potential to place considerable strain on health-care
services. We estimate the cost-effectiveness and health-care resource utilization impacts of influenza
vaccination of low-risk 50-64-y-olds in the United Kingdom (UK) against a background SARS-CoV-2
circulation. A dynamic susceptible-exposed-infected-recovered model was used to simulate influenza
transmission, with varying rates of vaccine coverage in the low-risk 50-64 y age-group. Four scenarios
were evaluated: no vaccination (baseline), 40%, 50%, and 60% coverage. For the 50% and 60% coverage,
this rate was also applied to high-risk 50-64-y-olds, whereas 48.6% was used for the baseline and 40%
coverage scenarios. Cost-effectiveness was estimated in terms of humanistic outcomes and incremental
cost-effectiveness ratio (ICER), with discounting applied at 3%. Overall, influenza vaccination of 50-64-
y-olds resulted in reductions in GP visits, hospitalizations, and deaths, with a reduction in influenza-
related mortality of 34%, 41%, and 52% for 40%, 50%, and 60% coverage, respectively. All four scenarios
resulted in acute and intensive care unit (ICU) bed occupancy levels above available capacity, although
vaccination of low-risk 50-64-y-olds resulted in a 35-54% and 16-25% decrease in excess acute and ICU
bed requirements, respectively. Vaccination of this group against influenza was highly cost-effective from
the payer perspective, with ICERs of £2,200-£2,343/quality-adjusted life year across the coverage rates
evaluated. In conclusion, in the UK, vaccination of low-risk 50-64-y-olds against influenza is cost-effective
and can aid in alleviating bed shortages in a situation where influenza and SARS-CoV-2 are co-circulating.
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Introduction While rates of influenza fell substantially during the COVID-
19 pandemic,” there may potentially be a resurgence this winter
following the easing of social distancing and infection preven-
tion measures and reduced population-level immunity from
lack of exposure over the previous two seasons.'’ A surge in
influenza cases in conjunction with COVID-19 is likely to create
a substantial burden and potentially overwhelm health-care
services. Therefore, a proactive approach to reduce the potential
for severe influenza and COVID-19 cases is needed to maintain
operationality of health-care services. In the UK, influenza vac-
cination is recommended in the 2022-2023 season for young

Vaccination remains the most effective tool for prevention of
influenza infection and related morbidity and mortality." As
certain groups are at higher risk of influenza-related compli-
cations and mortality, such as older adults, pregnant women,
and those with chronic diseases,” choice of the optimal vac-
cine type for each age-group, as well as increasing coverage
rates, can help to reduce pressure on health-care services. In
addition, vaccination of individuals at lower risk, such as
health-care workers, can reduce absence and transmission
of infection, and increase overall effectiveness of health-care

systems.3

One of the concerns of seasonal influenza vaccines is the
potential for antigenic drift resulting in a mismatch with
circulating strains, lowering vaccine effectiveness.* In addition,
egg adaptation has been noted in virus strains cultivated in
eggs, particularly A/H3N2, which in turn reduces the match
with circulating strains resulting in lowered effectiveness.”””
Cell-based quadrivalent influenza vaccines (QIVc) eliminate
the possibility of egg adaptation-related reductions in
effectiveness,® and therefore may be particularly beneficial
in situations where health-care services are already at risk of
being overwhelmed (e.g. during an influenza epidemic).

and school-aged children (from 6 months of age), 50-64 y-olds,
older adults (=65y), pregnant women, frontline health-care
staff, carers, nursing home residents, and individuals in clinical
risk groups (e.g. those with chronic respiratory diseases).'’
During the COVID-19 pandemic, recommendations for influ-
enza vaccination were extended to include low-risk 50-64 y-olds
(ie. those without clinical risk factors),!' a group who had
previously been excluded from vaccine coverage. Previous ana-
lysis has demonstrated that use of a QIVc in this patient popula-
tion is likely to be cost-effective from the payer perspective, with
an estimated incremental cost/ QALY of £6,000 based on 40%
vaccine coverage and an absolute vaccine effectiveness of ~64%,
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based on data estimates from the 2019-2020 season.'” From
a societal perspective, including analysis of the impacts on lost
productivity from influenza-related sickness, use of QIVc in this
low-risk age-group provides cost savings compared with no
coverage.

In this study, we extend the previous analysis of the cost-
effectiveness of QIVc in low-risk 50-64-y-olds to evaluate the
impact of vaccination of this group against a background of
circulating SARS-CoV-2. We simulate varying vaccine cover-
age on hospital and health-care resource utilization and esti-
mate the incremental cost-effectiveness of vaccination of low-
risk 50-64-y-olds from a payer and societal perspective.

Methods
Model design and parameters

In this analysis, we simulated influenza transmission and the
impact of vaccination using a previously described dynamic
model adapted from classic a SEIR model, with populations
either susceptible to infection (S), exposed (E), infected and
infectious (I) or recovered (R)."> The adapted model was used
to simulate the combined impact of acute (i.e. non-ICU) and
ICU hospital bed occupancy due to influenza and COVID-19
with varying coverage rate of influenza vaccination in the low-
risk 50-64 y age-group, against a background of SARS-CoV-2
circulation. In the model, influenza attack rate was calibrated
based on the reported median attack rates in England in
Baguelin et al.'"* Model calibration parameters are provided
in Supplementary Table S1.

Bed capacity was assumed to be 2.4 acute beds per 1000
inhabitants (i.e. 162,336 beds total) and 7.3 ICU beds per
100,000 (i.e. 4,897 beds total), with a standard occupancy rate
of 85% for both acute and ICU beds, based on data from the
2010-2022 season.'® Therefore, a total of 24,350 acute and 735
ICU beds (15% of all available beds) were assumed to be
available for patients with influenza and/or COVID-19.
Duration of acute and ICU stays due to influenza were
assumed to be 5 and 7d, respectively.'®'” Bed occupancy
from COVID-19 was estimated based on mean reported values
of acute and ICU bed usage from March 2020 to June 2022
inclusive.'"® Model parameters are provided in Supplementary
Table S2.

Influenza vaccine effectiveness estimates by vaccine
type (egg-based quadrivalent influenza vaccine [QIV;
QIVe], QIVc, adjuvanted QIV [aQIV], and quadrivalent
live-attenuated influenza vaccine [QLAIV]) and age-group
(6-23 months, 2-17y, 18-49y, 50-64y, 65-74y, and 275
y) were based on data from the 2019-2020 influenza
season (Supplementary Table $3)."°

The probability in the UK of general practitioner (GP)
visits, hospitalizations, and deaths per case was based on esti-
mates from Kohli et al.'"* and varied for low- and high-risk
groups (Supplementary Table S4). Risk groups were based on
the Joint Committee for Vaccination and Influenza (JCVI)
clinical risk groups, with high-risk defined as those with
a clinical risk and low-risk as those without.?® Additional
sensitivity analysis was performed estimating the impact of
an up to twofold increase in the probability of deaths per

hospitalization due to degradation in health-care services dur-
ing a potential surge of infectious diseases (e.g., COVID-19)
for the vaccination scenarios compared with the baseline sce-
nario of no vaccination.

Scenarios

Four scenarios were evaluated. All scenarios assumed QIVe
was administered to 6-23 month-olds, QLAIV to 2-17 y-olds,
QIVc to high-risk 18-64 y-olds, and aQIV to 265 y-olds. In the
baseline scenario (scenario 1), influenza vaccination was not
offered to low-risk adults aged 50-64y. In scenario 2, a 40%
coverage rate (QIVc) was assumed for this population. In
scenarios 3 and 4, QIVc coverage rates of 50% and 60%,
respectively, were assumed for both low- and high-risk 50-
64-y-olds. Coverage rates for all other risk/age-groups did not
vary between the scenarios; coverage for high-risk 50-64
y-olds was assumed to be 48.6% for scenarios 1 and 2
(Supplementary Table S5). Vaccine coverage rates by age-
group were based on data from the 2019-2020 season and
varied between 0% in low-risk infants to 80% in adults >75y."

Economic evaluations, indirect costs, and utilities

Economic parameters were based on estimates used by Kohli
et al.'* (Supplementary Table $6). Vaccine prices per dose were
assumed to be £8.97 for QIVe, £12.50 for QIVc¢, £13.50 for
aQIV, and £18.00 for QLAIV.?! Cost-effectiveness of the vac-
cine was assessed in terms of humanistic outcomes (life years
lost, quality-adjusted life years [QALY] lost due to death or
sickness) and incremental cost-effectiveness ratio (ICER).
Discounting was applied at 3%.

For the societal perspective, the cost of time lost from work
was calculated using the human capital approach. An average
4 d of time lost when a person was symptomatic infected was
assumed in the analysis, based on analysis by Keech and
Beardsworth.”> The daily wage was estimated at £128 GBP
based on UK government statistics.*’

We applied a utility of 0.0075 to uncomplicated cases of
influenza and of 0.0180 to hospitalized cases.***> The dis-
counted QALYs lost due to death were calculated using
expected survival and age-specific utility values.*®

Software

The model was developed using R software and C++, as out-
lined in Nguyen and Mould-Quevedo,"’ predominantly using
the following packages and corresponding libraries: Rcpp
1.0.9, ReppArmadillo 0.11.2.3.1, and ReppGSL 0.3.11. Model
calibration was performed using the nloptr package.

Results
Impact on health outcomes and bed occupancy

All three scenarios which introduced influenza vaccine cover-
age to the low-risk 50-64-y-old population resulted in reduc-
tions in symptomatic cases, GP visits, hospitalizations, and
deaths (Table 1). Compared with the baseline scenario,
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Table 1. Number of symptomatic cases, GP visits, hospital visits, and deaths from influenza for each of the four scenarios.

Scenario Symptomatic cases GP visits Hospital visits Deaths
Baseline (scenario 1): 0% vaccine coverage of low-risk 50-64 y-olds 1,934,476 193,448 31,693 5,324
Scenario 2: 40% vaccine coverage of low-risk 50-64 y-olds 1,277,179 127,718 21,255 3,509
Scenario 3: 50% vaccine coverage of 50-64 y-olds 1,133,310 113,331 18,888 3,109
Scenario 4: 60% vaccine coverage of 50-64 y-olds 923,211 92,321 15,220 2,518

a vaccine coverage rate of 40%, 50%, or 60% in the low-risk 50—
64-y-old population resulted in a reduction in influenza-
related mortality of 34%, 41%, and 52%, respectively.

When the combined impacts of influenza and COVID-19
were considered, all four scenarios resulted in acute and ICU
bed occupancies exceeding the available thresholds (Figure 1;
Supplementary Table S7). In the baseline scenario, an esti-
mated 5,041 acute and 1,641 beds would be needed above the
available numbers. Extending vaccine coverage to low-risk 50-
64y would result in a 35-54% decrease in excess acute beds
and 16-25% decrease in excess ICU bed requirements com-
pared with not vaccinating this group (baseline scenario),
although all scenarios remain over the threshold levels of bed
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Figure 1. (a) Acute and (b) ICU bed occupancy estimates for patients with influenza or influenza and COVID-19 over time for each of the scenarios (baseline, 40%, 50%,

and 60% coverage).
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Table 2. Cost estimates for each of the four base case scenarios.

GP Visits ~ Hospital costs  Loss of productivity ~ Vaccines ~ Administration Total Cost
Scenario (£) (£) (£) (£) (£) (£)
Baseline (scenario 1): 0% vaccine coverage of low-risk 50-64 20,703,478 132,653,462 1,044,001,460 221,829,304 154,405,119 1,573,592,822
y-olds
Scenario 2: 40% vaccine coverage of low-risk 50-64 y-olds 13,486,445 87,831,360 690,535,350 274,863,576 197,087,101 1,263,803,832
Scenario 3: 50% vaccine coverage of 50-64 y-olds 11,920,318 77,871,593 612,901,124 288,537,915 208,092,209 1,199,323,159
Scenario 4: 60% vaccine coverage of 50-64 y-olds 9,642,641 62,845,135 498,869,114 304,766,272 221,152,791 1,097,275,954
Economic outcomes Discussion

Economic analysis indicated that 40-60% vaccine coverage of
low-risk 50-64-y-olds all resulted in cost savings compared with
the baseline scenario (Table 2). While vaccine and administra-
tion costs are estimated to be higher when including low-risk
50-64-y-olds in the immunization campaign, these extra costs
are offset by savings in GP, hospital, and loss of productivity
costs, resulting in a reduced total cost of up to £476 million,
depending on the scenario.

Similarly, vaccination of low-risk 50-64-y-olds reduces
life year lost, and QALY lost due to death or sickness in all
scenarios analyzed (Table 3). Compared with the baseline
scenario, ICERs were cost-effective for all scenarios, both
from a payer (absolute extra costs) and societal (incorporating
impacts of reduced health-care usage) perspective (Table 4).
Compared with the baseline scenario of no vaccination, 40-
60% coverage of low-risk 50-64-y-olds resulted in ICERs of
approximately £2,200-£2,343/QALY, considerably below the
assumed NICE threshold for cost-effectiveness of <£20,000 to
£30,000/QALY. Inclusion of the potential risk of increased
mortality during a COVID-19/influenza surge, resulted in
reduced ICERs of £1,324-£1,887/QALY, based on a 40% cov-
erage rate in low-risk 50-64-y-olds (Supplementary Table 9).
Sensitivity analysis on vaccine effectiveness showed that 40-
60% coverage of low-risk 50-64-y-olds remained cost effective
from the society and payer perspectives at vaccine effectiveness
estimates of 50-150% of baseline values (Supplementary
Table S10).

As with previous analysis in the USA," this study indicates that
bed availability is a key limiting factor in a situation where
influenza and SARS-CoV-2 are co-circulating. While the US
analysis showed that ICU beds were the main limiting factor,
the UK analysis also shows a shortage of acute hospital beds
across scenarios. Vaccination of low-risk 50-64-y-olds can help
alleviate some of this shortage, particularly with increasing vac-
cine coverage, although simultaneous peaks of COVID-19 and
influenza cases would still overwhelm current bed capacities.
However, the potential reduction in excess bed usage could
prove crucial in prevention of service disruption at times of
high demand. Based on previous experience of COVID-19 and
influenza hospital resource usage in the UK, extension of influ-
enza vaccination to low-risk 50-64 y-olds in the UK would be cost
effective and would help to prevent morbidity and mortality both
to the individuals vaccinated and other vulnerable populations.
Previous analyses of the potential cost-effectiveness of vacci-
nation of low-risk 50-64 y-olds in the UK have estimated ICERs
of ~£6,000-£15,000.">*” The current analysis predicts
a considerably more favorable ICER of ~£2,250 across scenarios,
likely associated from differences in model assumptions, with
substantial cost savings from a societal perspective, when loss of
productivity and impacts of absenteeism were taken into
account. Irrespective of the absolute differences in ICER esti-
mates, the results from the current analysis are consistent in
indicating that vaccination of this population would be cost-
effective. Even if the pandemic appears less intense than seen in

Table 3. Impact of vaccination of 50-64 y-olds on life years and quality-adjusted life years lost.

QALY lost due to death QALY lost due to sickness  Total QALY lost

Scenario Life years lost
Baseline (scenario 1): 0% vaccine coverage of low-risk 50-64 y-olds 59,877
Scenario 2: 40% vaccine coverage of low-risk 50-64 y-olds 39,778
Scenario 3: 50% vaccine coverage of 50-64 y-olds 35,315
Scenario 4: 60% vaccine coverage of 50-64 y-olds 28,627

45,773 13,174 58,947
30,436 8,654 39,090
27,028 7,667 34,695
21,916 6,226 28,142

QALY, quality-adjusted life year.

Table 4. Incremental cost-effectiveness ratios (ICERs) for each of the vaccine scenarios compared with baseline (scenario 1).

Scenario Cost (£) QALY gained (discounted) ICER (cost/QALY) (£)
Payer perspective®

Scenario 2: 40% vaccine coverage of low-risk 50-64 y-olds 43,677,120 19,857 2,199.58
Scenario 3: 50% vaccine coverage of 50-64 y-olds 56,830,673 24,252 2,343.34
Scenario 4: 60% vaccine coverage of 50-64 y-olds 68,815,478 30,805 2,233.91
Societal perspective®

Scenario 2: 40% vaccine coverage of low-risk 50-64 y-olds —309,788,990 19,857 —15,601
Scenario 3: 50% vaccine coverage of 50-64 y-olds —374,269,663 24,252 —-15,432
Scenario 4: 60% vaccine coverage of 50-64 y-olds —476,316,868 30,805 —15,462

ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life year.
Cost estimates include GP, hospital, vaccine, and administration costs.

bCost estimates include all factors included in Table 2 (GP visits, hospital, loss of productivity, vaccine, and administration costs).



2020-2021, SARS-CoV-2 continues to circulate and it is likely
we will see peaks of both infections during the winter months.
The Southern Hemisphere experienced an early and highly
active influenza season,”® and while we do not know exactly
what will happen, it is likely that there will be a similar scenario
in the Northern Hemisphere. The potential co-circulation of
COVID-19 and seasonal influenza will put vulnerable people
at increased risk of severe illness and death, with the likelihood
of increased pressure on both hospitals and health-care workers,
already exhausted from almost 3 y on the frontline of the
pandemic. Vaccination remains one of the most effective tools
against both viruses to help avoid this potential burden to
health-care services. Even though low-risk adults aged 50-64 y
may be unlikely to develop severe influenza or require hospita-
lization, vaccination of this group also has indirect effects by
reducing transmission of the virus overall, and the potential for
spread to vulnerable individuals.*® In addition, vaccination can
reduce absenteeism of this working age population, thereby
lowering the potential burden on health-care services due to
staff shortages.

As with all research simulations, our analysis has some
limitations. For simplicity, we used a fixed value to estimate
the total available acute and ICU beds, while in reality the
number of beds may vary depending on the year and as the
health-care system adapts to fluctuations in demand. In addi-
tion, our approach was based on the entire UK, whereas the
circulation of COVID-19 and influenza, together with hospital
bed capacity and utilization, is likely to vary regionally. Based
on publicly available data, we assumed a bed occupancy rate of
85%, which likely also varies both regionally and temporally. It
is likely that we may have underestimated the availability of
acute or ICU beds in some circumstances, as other diseases
which we did not take into account can impact bed occupancy.
Finally, influenza vaccine effectiveness varies annually and for
the sake of simplicity, we have used the 2019-2020 pre-
pandemic-reported vaccine effectiveness in the current
model. Bed occupancy and hospital resource utilization
would likely be higher in seasons where there is lower influ-
enza vaccine effectiveness, with associated reductions in cost-
effectiveness, though this would almost certainly remain below
the traditional NICE cost-effectiveness threshold.

In summary, vaccination of low-risk 50-64-y-olds against
influenza was highly cost-effective against a backdrop of SARS-
CoV-2 circulation. While it is likely that hospital bed capacities
would be exceeded if peak bed occupancy for both diseases
occurred simultaneously, proactive vaccination of this popula-
tion against influenza would help to reduce the potential burden
on health services, freeing up resources for patients in need.
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