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Abstract Objectives: To model the economic impact of introducing an occupational vac-
cination programme for influenza with an inactivated influenza subunit vaccine
(Influvac®) in the UK.

Design and setting: Using published sources, a decision tree was constructed which
modelled the costs and benefits of introducing an influenza vaccine in a business
in the UK from the perspective of an employer.

Study participants and interventions: The model considered the implementation
of an occupational vaccination programme with Influvac® in a business employ-
ing 1000 normal healthy adults earning the national average wage in the UK. The
model assumed that 95% of employees would be absent from work after contract-
ing influenza for a mean of 5 days and that the level of productivity would be
reduced by 60% for one day by 85% of sick employees returning to work.

Main outcome measures and results: The expected probability of an employee
being absent from work following an influenza vaccination would be reduced from
5.7t0 1.8% when the incidence of influenza in the community is 6%. Accordingly,
if all 1000 employees were vaccinated, a business would be expected to reduce
absenteeism from work attributable to an influenza outbreak by 220 days. More-
over, the expected return on every pound invested by an employer would be £1.03,
£3.09 and £5.15 (2000 values) when the annual incidence of influenza in the
community is 2, 6 and 10%, respectively.

Conclusions: Implementation of an occupational vaccination programme with
Influvac® would be expected to reduce the incidence of influenza among a work-
force leading to less absenteeism from work and averted lost productivity. Even
if the incidence of influenza was as low as 2% it may be a worthwhile investment
for UK employers to vaccinate their employees with Influvac®.

1 Use of the tradename is for product identification purposes only and does not imply endorsement.
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Influenza is a common respiratory illness that has
been estimated to affect up to 20% of the population
annually.[! In a non-epidemic year in the UK, in-
fluenza results in approximately 9000 hospitalisations
in people aged over 65 years(?! and between 3000 and
4000 deaths.®1 In a serious epidemic year, such as
1989/1990, mortality can be as high as 30 000 deaths.[*!
Additionally, influenza has a substantial impact on di-
rectand indirect costs.[5%1Tn 1982/1983, there were
an estimated 6.4 million working days lost in the UK
associated with certified influenza illness.['% These
data clearly demonstrate that influenza is a serious pub-
lic health problem, which requires all possible preven-
tion and control measures to minimise its impact.

The efficacy and effectiveness of currently avail-
able inactivated influenza vaccines have been proven
beyond doubt. Influenza vaccines have been shown
to be effective in reducing the incidence of infection
and associated morbidity and mortality,!'!-13] and
most European countries have a governmentally-
sponsored programme for vaccinating high-risk
groups.[!14] A recentreview on 15 years of experience
with an inactivated influenza subunit vaccine (In-
fluvac®) showed safety and efficacy data derived
from marketing experience and clinical studies.!'!
During the period 1982 to 1996, 87.5 million doses
of the subunit vaccine were distributed and only 273
adverse events were reported and filed in the post-
marketing surveillance database. Of these 273 ad-
verse events, 121 were rated as serious, but in most
cases no cause-effect relationship with the vaccine
was established. The data from clinical studies
showed that 56% of vaccinees reported no reac-
tions at all after vaccination. From 3000 subjects,
95% reported no or only slight inconvenience and
4% reported moderate inconvenience after vacci-
nation. Serological protection rates of 65 to 78%
were reported in a meta-analysis of clinical data in
the above-mentioned review.

Influenza vaccination among people over 60
years of age is both clinically effective and cost ef-
fective in reducing the incidence of infection and
associated illness, hospitalisation and mortality
when the infectious and vaccine strains are closely re-
lated.[11-13.16-191 Present UK guidance on influenza
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immunisation recommends that it should be pro-
vided for those of any age with chronic respiratory
disease, heart disease, renal disease, diabetes mel-
litus and immunosuppression due to disease or treat-
ment. It is also recommended for those over 74
years of age and all those living in long-stay resi-
dential accommodation.”! However, little emphasis
is given to working age adults receiving the vaccine.
Moreover, while it may be clinically beneficial to
vaccinate healthy adults under 65 years of age, it has
been reported that there are few economic benefits
to the healthcare system and society.?!l Against
this background, this study aimed to model the eco-
nomic impact of introducing an occupational vac-
cination programme in terms of the net costs to an
employer in the UK.

Methodology

Literature Review

An electronic search of Medline, NHSEED and
Cochrane databases was carried out. The search
term for the Cochrane and NHSEED databases was
‘influenza’ and no date limit was included. The Med-
line database was searched between 1 January 1995
and the 31st of August 2000. The abstracts of the pub-
lications identified by this search strategy were as-
sessed to identify those studies that related to the
data items that were needed to construct the model.
This was supplemented with information obtained
from relevant National Health Service (NHS)
databases.

Decision Model

Using information derived from published stud-
ies and NHS databases, a decision tree modelling
the costs and benefits of introducing an influenza
vaccination programme into a business was devel-
oped from the perspective of an employer in the
UK (figure 1).

The inputs of the model comprised:

e the initial decision to vaccinate

e the incidence of influenza in the community

e the efficacy of vaccination/probability of an em-
ployee contracting influenza

Pharmacoeconomics 2002; 20 (7)
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Fig. 1. Decision tree modelling the consequences of an occupational influenza vaccination programme. Numbers denote the prob-

ability of an employee following a particular path.

e the probability of an infected employee being
absent from work

e the length of time off work

e the probability of reduced productivity after an
infected employee returns to work.

The base case model assumed that in the absence
of an occupational vaccination programme the prob-
ability of employees contracting influenza would
be the same as that among 15- to 64-year-old indi-
viduals in the UK as a whole. Additionally, it was
assumed that 95% of employees in a UK business em-
ploying 1000 people earning an average wage of £84
per day at 2000 prices!??1 would be absent from work
after contracting influenza for a mean of 5 days.[?3!
This was based on an assumption that influenza is
a disease severe enough to result in almost all em-
ployees who contract this illness to take sick leave.
The base case model also assumed that the level of
productivity would be reduced by 60% for one day
by 85% of employees with influenza returning to
work[?* and that none of the absent employees would
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be replaced by agency staff or overtime by another
employee. The efficacy of the vaccine was estimated
to be 68% (95% lower and upper confidence limits:
49%; 79%).121

By assigning costs at 2000 prices to the influ-
enza vaccine (Influvac®) and lost productivity, the
decision model determined the cost benefit to a UK
employer of introducing an occupational vaccina-
tion programme with Influvac®. The costs were
defined as those costs attributable to implementing
the vaccination programme (i.e. the cost of the vac-
cination). Lost productivity arising from vaccina-
tion has not been included in the base case model.
We considered the period of vaccination to be in
the order of 15 to 20 minutes and any lost produc-
tivity would be negligible and more than likely made
up by the employee. Also excluded are the costs due
to adverse effects of the vaccination. These are likely
to be minimal due to the favourable adverse effect
profile of the vaccination.[!3]

Pharmacoeconomics 2002; 20 (7)
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The benefits to an employer of introducing such
a programme were defined as the cost of averted
lost productivity using the human capital approach
(i.e. the salaries of staff who were absent from
work plus the salaries of staff who were at work
but not totally productive).?°! Hence, the cost benefit
of a UK employer introducing a vaccination pro-
gramme with Influvac® for influenza was esti-
mated by evaluating the ratio of benefits to costs
in order to determine the monetary return on every
pound invested by an employer. When the ratio is
greater than unity, there would be a net saving to an
employer. When the ratio is less than unity, there
would be a net additional cost to an employer. The
cost benefit of the vaccination programme was calcu-
lated for varying incidences of influenza in the com-
munity and varying percentages of the workforce
that were vaccinated.

Incidence of Influenza

Between 1989 and 1998 there were amean 421 872
general practitioner (GP) consultations annually in
England and Wales attributable to influenza and
influenza-like illness.[?! It was assumed that one-
third of influenza sufferers in the UK would consult

50 -
45 -
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35 -
30 -
25 -
20 -

15 A

No. of days of lost productivity

10

1 2 3 4 5 6 7

a primary care physician based on a UK study which
reported that 29% of employees who were absent
from work due to influenza and influenza-like ill-
ness visited their GP.[?*] Hence, it was calculated that
there were a mean 1.27 million cases of influenza an-
nually over this ten year period in England and Wales.
This corresponds to 278 400 consultations among
those aged between 15 and 64 years and 0.84 million
cases in the community, equivalent to a mean annual
incidence of 2% over the 10-year period.

In the 1972/1973 and 1975/1976 winter periods,
the mean weekly GP consultation rates due to in-
fluenza and influenza-like illness were 265 and
311 per 100 000 population, respectively, in those
parts of England and Wales most severely effected
by the illness.!?”! These epidemics lasted for 11
weeks and thus the estimated total number of GP
consultations was 2915 and 3421 per 100 000 pop-
ulation for the most severely affected regions for
1972/1973 and 1975/1976, respectively. In
1996/1997 there was a 5% incidence of influenza
and the GP consultation rate among the 15- to 64-
year-old age group was about 1840 per 100 000 pop-
ulation,!?) which is about 54 and 63% of the highest
rates observed in England and Wales in 1972/1973

B Without a vaccination programme
O Vaccinating the whole workforce

8 9 10 11 12 13 14 15

Weeks from an influenza outbreak

Fig. 2. Number of days of lost productivity due to influenza in a UK business employing 1000 people with and without a vaccination
programme. The incidence of influenza in the community is assumed to be 6%.
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Fig. 3. Reduction in number of days of lost productivity in a UK business employing 1000 people, stratified by incidence of influenza

and percentage of employees vaccinated.

and 1975/1976 respectively. Hence, the incidence
of influenza in the community on these two occa-
sions in the 1970s for the 15- to 64-year-old age
group was estimated to be about twice that of the
highest rate observed in the 1990s at 10% of the
total population.

Thus, over the last 30 years the annual inci-
dence of influenza in the community has varied
between 2 and 10%. Hence the cost benefit of pro-
viding an occupational influenza vaccination pro-
gramme was estimated for an incidence of influ-
enza of 2 and 10% and a midpoint of 6%.

The estimated incidence of influenza among
15- to 64-year-old individuals in the community
was used as a proxy for the expected incidence of
influenza in an occupational setting in the absence
of a vaccination programme.

Sensitivity Analyses

Sensitivity analyses determined how the cost
benefit of an occupational vaccination programme
with Influvac® changes in accordance with changes
in the:

e efficacy of influenza vaccination (50 to 90%)
e incidence of influenza (2 to 10%)

© Adis Infernational Limited. All rights reserved.

e cost of implementing a vaccination programme
with an inactivated influenza subunit vaccina-
tion (£5.97 to £10.71 per vaccination)

e average daily wage of employees (£20 to £200
per day)

e percentage of absent employees being replaced
by agency staff and other employees working
overtime (0 to 100%)

e length of time-off work after contracting influ-
enza (0 to 5 days)

e number of days of reduced productivity by 85%
of staff returning to work (0 to 2 days).

Results

Lost Productivity

According to the decision model, the expected
probability of an employee being absent from
work following an influenza vaccination would be
reduced from 5.7 to 1.8% when the incidence of
influenza in the community is 6%. The weekly num-
ber of days of lost productivity following an influ-
enza outbreak for a business employing 1000 peo-
ple where the annual incidence of influenza is 6%
in the population is shown in figure 2.

The expected reduction in the number of days
of lost productivity as a result of introducing a vac-

Pharmacoeconomics 2002; 20 (7)
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cination programme in the workplace, stratified by
the incidence of influenza and the percentage of
employees vaccinated is shown in figure 3.

Costs and Benefits of an Occupational
Influenza Vaccination Programme
with Influvac®

The expected cost of lost productivity in the ab-
sence of an occupational vaccination programme
was estimated to be £9072, £27 132 and £45 192
when the incidence of influenza is 2, 6 and 10%,
respectively. The cost and benefits of introducing In-
fluvac® in the workplace for a business employing
1000 people earning the average UK national wage
are shown in table I.

Table I illustrates that an occupational vaccina-
tion programme with Influvac® is a worthwhile in-
vestment for a UK employer, even if the incidence
of influenza is as low as 2%, since the ratio of ben-
efits to costs is greater than unity.

Sensitivity Analyses

In the base case model, it was assumed that the
cost of vaccination is due solely to the unit cost of
Influvac®, with the administration of the vaccine
being carried out by employed occupational health
nurses at no additional cost to the employer. Sen-
sitivity analysis assessed the impact of including
an administrative cost for implementing the vacci-
nation programme by assuming a G grade (a staff-
ing grade used in the UK) nurse (working 7 hours
per day) vaccinates 25 people a day at a cost (in-

cluding vaccine acquisition cost) of £10.71 per

vaccination (table II).

This analysis showed that providing the cost of
implementing a vaccination programme (including
vaccine acquisition cost) was no more than £6.20,
then introducing an occupational vaccination pro-
gramme would lead to net savings for an employer
(table II). If the cost of implementing the pro-
gramme was more than £6.20, then an employer
would incur a net additional cost when the influ-
enza incidence is 2%. Nevertheless, if the cost of im-
plementing the programme was as high as £10.71,
introducing an occupational vaccination programme
would lead to net savings for an employer when the
incidence of influenza is 3.5% or above.

Table II also illustrates that introducing an oc-
cupational vaccination programme in the work-
place would be a cost-beneficial investment for an
employer even when the incidence of influenza was
2% providing the following:

e the efficacy of Influvac® was at least 65%

e the average wage of an employee was at least £80
per day (£27 per day if the incidence of influenza
in the community was 6%)

e employees took more than 4.8 days off work after
contracting influenza (1.3 days if the incidence
of influenza in the community was 6%)

e there was at least 0.5 days of reduced produc-
tivity when employees returned to work after
sick leave.

The sensitivity analyses also demonstrated that
even if none of the employees who are absent from
work were replaced by agency or overtime staff, in-

Table I. Costs (£; 2000 values) and benefits of an occupational influenza vaccination programme with Influvac® for a UK business employing

1000 people

Percentage of the workforce

Estimated cost to an employer of

Estimated cost of averted lost productivity following the

vaccinated vaccinating employees implementation of an occupational vaccination programme when
the incidence of influenza is:
2% 6% 10%
25 1492 1542 4613 7683
50 2985 3085 9225 15366
75 4477 4627 13838 23048
100 5970 6169 18450 30731
1.032 3.092 5.152

a Return on investment for every £ spent by an employer on vaccinating employees with Influvac® (cost-benefit ratio).
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Pharmacoeconomics 2002; 20 (7)



Cost Benefit of Occupational Influenza Vaccination

481

Table Il. Sensitivity analyses (all costs are in 2000 values)

Scenario Lower and upper Base case The range of the cost benefit ratio for upper and
values applied lower values of the scenarios at varying incidences of
influenza (threshold values®)
2% 6% 10%
Efficacy of influenza vaccine (%) 50-90 68 0.76-1.37 (65) 2.27-4.09 3.79-6.82
Cost of implementing the vaccination programme (£) 5.97-10.71 5.97 1.03-0.58 (6.20) 3.09-1.72 5.15-2.87
Average daily wage of an employee (£) 20-200 84 0.25-2.46 (80) 0.74-7.36 (27) 1.23-12.26
Percentage of employees absent from work 0-100 0 1.03-1.55 3.09-4.64 5.15-7.72
being replaced by agency and overtime staff
Number of days absent from work after 0-5 5 0.11-1.03 (4.8) 0.30-3.09 (1.3) 0.49-5.15
contracting influenza
Number of days of reduced productivity by 85% 0-2 1 0.94-1.13 (0.5) 2.80-3.38 4.67-5.63

of staff returning to work

a The threshold values at which an occupational influenza vaccination programme breaks-even from the perspective of an employer.

troducing an occupational vaccination programme
in the workplace would be a cost-beneficial invest-
ment for an employer even when the incidence of
influenza is 2%.

Discussion

The model shows, as expected, that the cost sav-
ings associated with providing a vaccination pro-
gramme in the workplace are sensitive to the inci-
dence of influenza. Community estimates of the
incidence of influenza are limited in number. The
two largest studies are US-based, one of which es-
timated an annual incidence of 8% among the whole
population between 1976 and 1980.12%1 The corre-
sponding figures for the 15- to 24-year-old and 25-
to 59-year-old age groups were 4.2 to 4.4% and 2.0
to 2.1%, respectively.[?8] Another US-based study
had a much higher incidence of 21%.7% Two smaller
studies showed the incidence of influenza to be 1.6
and 4.5%.12339 This compares with our estimate
of 2 to 10% over the last 30 years in the UK. Thus,
over the last ten years, an occupational vaccination
programme for influenza would have been at least
a cost neutral strategy and in 3 of the 4 years which
had an influenza outbreak (during which we esti-
mated that annual influenza rates were between 3
and 5%) it would have resulted in an estimated cost
saving of between £3341 and £9510 for a business
with 1000 employees. This equates to an annual re-
duction in absenteeism from work as a result of
influenza of between 111 and 184 days.

© Adis Infernational Limited. All rights reserved.

The incidence of influenza below which an oc-
cupational vaccination programme would not be
cost neutral was found to be sensitive to the cost
of implementing the programme. Thus, if the cost
of administering the vaccination was to form part
of the costs of implementing the programme, as-
suming a vaccination rate of one person every 10
minutes (£8.79 per vaccination) at a baseline effi-
cacy rate of 68%, the threshold incidence of influ-
enza would be expected to increase from 2 to 3%.
The confidence intervals associated with the vac-
cine’s efficacy varied between 49 to 79%, resulting in
threshold incidence rates of 2.8 to 1.7% assuming
all other variables were as described for the base
case model. This reflects the differences in effi-
cacy between the rare years when the vaccine’s
virus differed from the predominant circulating virus
and the majority of years when they were well
matched — which have been shown in one recent
study to be 50 and 83%, respectively.?!1 Notwith-
standing this, even if employers implemented a
vaccination programme, it is unlikely that all em-
ployees would receive the vaccination; some employ-
ees may not present for vaccination or some may
refuse to be vaccinated.

Many economic evaluations have used the hu-
man capital approach to value productivity using
earnings data.”! However, this approach is not with-
out controversy.B!l In particular, wage rates reflect
the marginal productivity of a worker and there are
often imperfections in the labour market and ineq-

Pharmacoeconomics 2002; 20 (7)
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uities such as discrimination by race or gender.[20]
Also, onreturn to work following a short-term absence,
production may be made up. Furthermore, employ-
ers usually have excess capacity in the work force
to cover absenteeism.

The exact relationship between short-term ab-
sence and production loss depends on the type of
work and organisation in which an individual is
employed. Thus, in certain cases, absence from work
reduces the effective labour time less than propor-
tionally. Estimations of the extent to which produc-
tivity and absence from work vary from direct pro-
portionality have been made.3?! For the Netherlands,
this ‘elasticity’ has been estimated to be 0.8 i.e. a
10% reduction in labour time results in an 8% de-
crease in production. Nevertheless, using this ap-
proach, we found that the threshold incidence of in-
fluenza, below which an occupational vaccination
programme is not cost neutral, is sensitive to the
average wage of a company’s employees. Thus, at
an average daily wage of £100 and £130 per day,
equivalent to the highest decile and upper quartile
of national wages for full-time employees in the
UK, 331 the threshold incidence rates would be re-
ducedto 1.7 and 1.3%, assuming all other variables
were as described for the base case model. The
average wage of those employed in managerial and
administrative positions in the UK is about £126
per day. Thus, for those on higher rates of paid em-
ployment, vaccinating employees would be a cost ben-
eficial investment for an employer, when the inci-
dence of influenza is 2% or above. However, one
study has found that fewer days per illness were
taken by managers than by administrative staffl!3]
so the cost benefit of the vaccination programme
may not necessarily increase with increasing pay
rates.

An average wage of £126 per day is about 1.5
times that of the average daily wage in the UK, which
may equate to the overtime costs paid to employees
who cover for other employees who are absent
from work or the rate paid to agency staff. Thus, in
those organisations which implement such strate-
gies to cover for absent staff, vaccinating employ-
ees would be a cost beneficial strategy. These or-
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ganisations would include work locations such as
nursing homes and hospital wards where there is a
need to maintain nurse to patient ratios as part of
national and local practice standards.

Our study has been limited to a consideration of
the costs borne by an employer associated with in-
fluenza. Consequently, we have not included other
direct and indirect costs associated with the illness,
such as the use of medical services, medications,
child-care and the impact on carers and domestic
work. Also excluded are the costs of vaccination in
terms of lost productivity resulting from employ-
ees missing work to be vaccinated and sickness-
related absence due to associated adverse events,
although these are likely to be minimal since influ-
enza vaccines have a very favourable safety pro-
file.l>! Additionally, the tax relief that an employer
would receive on the costs of implementing a vac-
cination programme has been excluded. Hence,
our estimated cost-benefit ratios may be an under-
estimate. Notwithstanding this, our model assumed
that if employers did not implement a vaccination
programme then none of the employees would be
vaccinated. However, in the UK, influenza im-
munisation is available for persons with specified
chronic conditions considered to be at higher
risk.[29] Thus, in reality, some of the employees
may receive vaccination for influenza even with-
out an occupational vaccination programme.

Our analyses of other economic studies on vac-
cinating healthy working adults against influenza
found favourable cost-benefit ratios associated
with vaccination in relation to avoided sickness-re-
lated absences. Thus, in two US-based studies, one
arandomised controlled study and the other, a non-
randomised prospective study, the relevant cost-
benefit ratios were 1:2.64 and 1: 1.37 respec-
tively.134+37 Additionally, in two modelled studies for
France and Brazil, in which influenza rates were as-
sumed to be 10%, the cost-benefit ratios were 1 : 2.65
and 1 : 2.26 respectively.[3%37I The comparable ratio
from a retrospective study in Canada was 1 : 8.76.038]
Conversely, some studies showed less favourable re-
sults for influenza vaccination. One prospective study
with a serologically confirmed influenza rate of

Pharmacoeconomics 2002; 20 (7)



Cost Benefit of Occupational Influenza Vaccination

483

1.6% found vaccination to incur higher costs than
the benefits, with the relevant cost-benefit ratio be-
ing 1 : 0.11.123] A more recent US-based randomised
controlled trial reported influenza rates of 4.4% and
10% in 1997/98 and 1998/99 respectively among
non-vaccinated employees.I?! A higher cost was as-
sociated with absenteeism in the vaccinated group
in 1997/1998, while the costs of vaccination were
higher than the benefits of avoided sickness-
related absences in 1998/1999 with a cost benefit
ratio of 1 : 0.37.

Conclusions

Based on our model, we conclude that implemen-
tation of an occupational influenza vaccination pro-
gramme with Influvac® would be expected to reduce
the incidence of influenza among a workforce, re-
sulting in less absenteeism from work and averted
lost productivity. Even if the incidence of influ-
enza is as low as 2%, it may be a worthwhile in-
vestment for UK employers to vaccinate their em-
ployees.
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