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Abstract

Objective Protection against vaccine-preventable diseases is especially relevant in older adults due to age-related decline
in immunity (immunosenescence). However, adult vaccination remains a challenge with overall low coverage rates, which
has an impact on both the patients who have these diseases and the health care system in terms of resource use and costs
derived. This study aimed to estimate the direct economic impact of herpes zoster, pneumococcal disease, influenza and
pertussis in Spanish adults 45 years and older.

Methods Data from 2015 were extracted from two Spanish public databases: the Minimum Basic Data Set for Hospitalisa-
tions and the Clinical Database of Primary Care. Codes from the International Classification of Diseases and the International
Classification of Primary Care were used to identify and classify the diseases analysed. The variables extracted and calculated
were hospitalisation (cases, percentage, length of stay, costs, mortality), primary care (cases, percentage, costs) and refer-
rals (cases, percentage, costs). Results were presented for the age groups 45-64 years, 65-74 years, > 74 years and all ages.
Results In adults 45 years and older, total costs amounted to €134.1 million in 2015 (i.e. 63.9% of the total direct costs for
all age groups): 44.4% due to pneumococcal disease, 39.5% due to influenza, 16.0% due to herpes zoster and 0.1% due to
pertussis. Hospitalisations represented 58.1% (€77.9 million) of the total costs, with 15,910 admissions, 144,752 days of
hospitalisation and 1170 deaths. Primary care registered 566,556 visits with a cost of €35.0 million, and 269,186 referrals
with a cost of €21.1 million.

Conclusion The direct economic burden of herpes zoster, pneumococcal disease, influenza and pertussis in adults 45 years
and older was high in Spain, and may be underestimated as it only considered medical assistance and not other applicable
direct or indirect costs. Increasing vaccination rates in adults may potentially reduce the economic burden derived from these
diseases, although future cost-effectiveness analysis including other disease-related costs, vaccination costs and vaccination
effectiveness would be needed.
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Graphical Abstract
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IN OLDER ADULTS IN SPAIN

Angel Gil de Miguel, José Maria Eiros Bouza, Luis Ignacio Martinez Alcorta, Daniel Callejo, Carlos Mifiarro,
Laura Amanda Vallejo-Aparicio, Andrea Garcia, Mdnica Tafalla, M del Rosario Cambronero, Rubén Rodriguez, Laura Martin-Gomez

— _@ CONTEXT (3) DIRECT MEDICAL COST h

The population is ageing and more susceptible
44.4%
Pneumococcus
P LY

to infectious diseases.

While childhood immunisation is common,
with high vaccination rates,
older-adults vaccination is
\ still a challenge.
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The total direct medical cost of Cost details:

four vaccine-preventable diseases
(shingles, pneumococcal disease,
flu and whooping cough)
in adults aged 45 years and over was estimated by
analysing data from
two public Spanish databases from 2015.

Hospitalisation: €77.9M
Primary care: €35.1M
Visits to a specialist: €21.1M

The total economic burden of these diseases
is underestimated, as only primary medical costs
were included. /

Increasing vaccination rates among older adults may reduce the economic burden

of these diseases, although future cost-effectiveness analysis would be needed.
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including funding and author disclosure statements, please see the full text online.
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Key Points for Decision Makers

Adult vaccination is a public health challenge in coun-
tries like Spain, where the population is rapidly ageing.

In Spain, a direct cost of €134.1 million is attributable
to four vaccine-preventable diseases in adults aged >

45 years (or 63.9% of direct healthcare expenditure for
all ages); pneumococcal disease accounted for 44.4% of
the burden, followed by influenza (39.5%), herpes zoster
(16.0%) and pertussis (0.1%).

Hospitalisations had the highest burden with 58.1% of
the total costs (€77.9 million), with 15,910 admissions,
144,752 days of hospitalisation and 1170 deaths. It was
followed by primary care (€35.0 million, 26.1%) and
referrals (€21.1 million, 15.8%).
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1 Introduction

Vaccination is an efficient public health strategy to prevent
infectious diseases. Its use has significantly reduced the
burden of vaccine-preventable diseases over the past 40
years and prevents 4-5 million deaths every year around
the world [1, 2]. However, while childhood immunisation
is well established worldwide, vaccination of the older
population remains a public health challenge [3].
Susceptibility to infectious diseases increases with
age due to a decline in the immune system, called immu-
nosenescence [4, 5]. This age-related phenomenon leads
to an increased risk and severity of infectious diseases,
which in turns lead to a loss of independence, disability
and death [5]. Influenza and pneumonia, for example, are
often associated with severe complications and are ranked
as the sixth leading cause of death among adults over 65
years in developed countries [6, 7]. Moreover, ageing is
also related to lower vaccine efficacy and persistence of
immunity. However, it should be noted that significant
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improvements have been made in vaccines for older adults,
either by the addition of novel adjuvants or by increasing
antigen concentration, thus minimising the effect of ageing
on vaccine efficacy [8].

In Spain, as in many parts of the world, the population
is rapidly ageing, with the proportion of people over 65
years of age increasing every year (19.3% of the popula-
tion in 2019). Furthermore, the mean age has increased by
more than 10 years in the past 50 years (from 32.7 years
in 1970 to 43.3 years in 2019) [9]. Life expectancy is one
of the highest in the European Union (EU), reaching 86.7
years for women and 81.1 years for men in 2019, while the
EU average was 84.0 years for women and 78.5 years for
men [10]. When considering healthy life expectancy (i.e.
an indicator of population health that considers whether
the gains in life expectancy are lived in good health or
with some health issues and disabilities), men above 65
years live 59.0% of their remaining time in good health
without disabilities, while this value in women is 48.1%
(54.1% for men and 46.3% for women in the EU) [9, 11].

The ageing population has a direct economic impact
since older adults were responsible for 45.9% of hospital
admissions in 2018 in Spain, with longer hospital stays
and a higher risk of comorbidities than the younger popu-
lation [9]. In previously published economic analyses, four
adult vaccine-preventable diseases (i.e. influenza, pertus-
sis, herpes zoster and pneumococcal disease) were asso-
ciated with substantial human and economic burden [12,
13]. However, currently only two vaccines (i.e. pneumo-
coccal and influenza) are included in the Spanish National
Immunisation Programme (NIP) for adults > 65 years of
age [14]. Although Spain is one of the most advanced
countries in childhood immunisation, with coverage rates
above 97%, rates in adults remain low and, in some cases,
decrease over time. For instance, influenza vaccination
coverage among adults older than 65 years was 70.1% in
the 2005-2006 season and 65.7% in 2009-2010, dropping
to 54.7% in the 2019-2020 season (EU average 38.6% in
2018) [11, 15-17].

This study aims to estimate the direct economic burden
attributable to four vaccine-preventable infectious diseases
in older adults in Spain: herpes zoster, pneumococcal dis-
ease, influenza and pertussis.

2 Methods

This is a health economics study based on data extraction
and calculations from two Spanish public databases, in
order to obtain the direct economic costs of medical ser-
vices attributable to four adult preventable diseases, from
the Spanish National Healthcare System (NHS) perspective.
The databases used were the Minimum Basic Data Set for

Hospitalisations (CMBD-H, Conjunto Minimo Béasico de
Datos—Hospitalizacion) [18] and the Clinical Database of
Primary Care (BDCAP, Base de Datos Clinicos de Atencién
Primaria) [19], which both contain information directly reg-
istered by healthcare professionals of the NHS. The analysis
was carried out with data from 2015 as it was the latest avail-
able at the time of the study, in order to estimate the annual
direct costs of four vaccine-preventable diseases (i.e. herpes
zoster, pneumococcal disease, influenza and pertussis) in
Spain for older adults aged 45 years and over.

2.1 Description of Databases

The CMBD-H integrates administrative and clinical infor-
mation on patients admitted to hospitals. This database
includes annual data from 505 public (since 1997; 313 hos-
pitals) and private (since 2005; 192 hospitals) hospitals that
cover approximately 93% of the total hospitalisations from
all regions in Spain [18]. The CMBD-H uses the Interna-
tional Classification of Diseases ninth edition (ICD-9) to
classify and report diseases [20, 21]. The list of ICD-9 codes
used can be found in Table 1. For this study, primary diagno-
sis for diseases (identified through the ICD-9 codes) is used
in the extraction of hospitalisation data.

The BDCAP annually gathers standardised clinical data
in the domain of primary care (PC) consultations. Data
are collected randomly from a sample (around 10%) of the
population’s medical records and are representative of each
region (except Ceuta and Melilla from a total of 17 regions).
However, the number of cases presented in this database
is adjusted to the reference population, and not just to the
sample included [19, 22]. The BDCAP is coded following
the International Classification of Primary Care (ICPC-2) as
shown in Table 1 [23].

These two databases were selected on the basis that they
are publicly available and collect data from both healthcare
levels (PC consultations and hospitalisations) to estimate the
direct economic burden.

2.2 Population and Variables Included in the Study

In both databases, data were extracted and analysed for the
year 2015 and for the age groups 45-64 years, 65-74 years,
> 74 years and all ages. The focus of the study is to show
data on adults > 45 years of age, so total stay and informa-
tion regarding the number of deaths in the ‘all ages’ group
are not reported.

The CMBD-H database provided the following variables
included in the analysis: number of hospitalisation cases,
average stay per hospitalisation, median cost of hospitalisa-
tion and number of deaths. From these data, the following
have been calculated: percentage of cases, total length of
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Table 1 ICD-9 and ICPC-2

codes for the diseases analysed Disease 1CD-9 code 1CPC-2 code
Pneumococcal disease
Pneumococcal pneumonia 481 R81
Pneumococcal meningitis 320.1
Pneumococcal septicaemia 038.2
Pneumococcal peritonitis 567.1
Influenza
Influenza 487 R80
Influenza due to identified 2009 HIN1 influenza virus 488.1
Herpes zoster
Herpes zoster 053 S70
Pertussis
‘Whooping cough due to Bordetella pertussis 033.0 R71
Whooping cough due to unspecified organism 033.9
Pneumonia in whooping cough 484.3

ICD-9 International Classification of Diseases ninth edition, /CPC-2 International Classification of Pri-

mary Care second edition

hospital stays, total costs and percentage of deaths among
patients per age group.

The variables included and available in the BDCAP data-
base were number of PC cases and number of cases referred
to specialists. Consultation costs both for PC and referrals
were not directly available in the BDCAP as for the CMBD-
H, so were estimated at €61.87/visit for first PC visit and
€78.48/visit for referrals, as these were the average costs
from data on the official tariffs from autonomous regions,
available in a Spanish cost database for the year 2015 [24].
These costs were just for the visits themselves and did not
include pharmacological costs derived from patient man-
agement. Based on these data, the following variables were
calculated: percentage of total cases, cost of PC consulta-
tion, percentage of referrals to specialists and referrals costs.
The number of cases presented at the BDCAP were already
extrapolated to the total Spanish population from the sample
used to estimate it. Data were analysed in age groups of 5
years. In regions with < 30 cases, data were not available
(e.g. cases of herpes zoster in Extremadura). Furthermore,
some regions do not report referral data.

3 Results
3.1 Hospitalisation

As shown in Fig. 1 and Table 2, the majority of the hos-
pitalisations caused by the four preventable diseases were
concentrated in the > 45-years group (77.9%). Pneumo-
coccal disease was responsible for the highest number of
hospitalisations within the general population. Likewise,
among adults 45 years and older, pneumococcal disease also
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Fig. 1 Number of hospital admissions in 2015 per age group

ranked first when analysed for number of hospitalisations,
average stay in hospital, mortality rate and median cost per
admission.

Influenza was the second most common cause of hospital
admission, with 75.9% occurring in the > 45-years group.

For herpes zoster, 81.1% of the total admissions occurred
in adults 45 years and older, while most pertussis hospitali-
sations were registered in the younger age group, with only
1.5% of the total admission in adults 45 years and older.

3.2 Primary Care and Referrals

Data from the BDCAP database showed that influenza
accounts for the highest number of PC visits among all
ages, followed by herpes zoster, pneumococcal disease and
pertussis. However, in the > 45-years group, herpes zoster
accounted for most PC visits, followed by pneumococcal
disease, influenza and pertussis (Table 3).
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Table 2 Hospitalisations by disease and age group

Age group Cases % Cases” Average Total stay Median cost (€) Total cost (€) Deaths (1) % of deaths®
(years) (n) stay/case (days)
(days)
Herpes zoster
All ages 1268 100 8.00 4524.00 5,735,975.52
45-64 289 22.8 7.53 2176 4363.26 1,260,982.14 6 2.1
65-74 248 19.6 8.22 2039 4502.61 1,116,647.28 2 0.8
> 74 491 38.7 9.69 4758 4741.22 2,327,939.02 25 5.1
Total (> 45) 1028 81.1 8.73 8973 4577.40 4,705,568.44 33 32
Pneumococcal disease
All ages 10,842 100 9.61 5415.35 58,713,262.80
45-64 1967 18.1 10.75 21,141 6653.03 13,086,510.00 112 5.7
65-74 1869 17.2 10.30 19,250 5862.21 10,956,466.40 107 5.7
> 74 5667 52.3 8.99 50,932 4643.77 26,316,262.26 628 11.1
Total (> 45) 9503 87.6 9.61 91,323 5299.30 50,359,238.66 847 8.9
Influenza
All ages 7058 100 7.49 4006.66 28,278,973.48
45-64 1171 16.6 8.06 9440 4929.21 5,772,222.14 29 2.5
65-74 1114 15.8 8.36 9308 4373.48 4,872,057.10 44 3.9
> 74 3075 43.6 8.33 25,617 3951.18 12,149,892.20 217 7.1
Total (> 45) 5360 75.9 8.28 44,365 4252.64 22,794,171.44 290 54
Pertussis
All ages 1238 100 6.41 3021.76 3,740,938.88
45-64 6 0.5 2.50 15 2741.39 16,448.34 0 0.0
65-74 4 0.3 5.50 22 2842.53 11,370.12 0 0.0
> 74 9 0.7 6.00 54 2859.75 25,737.75 0 0.0
Total (> 45) 19 1.5 4.79 91 2818.75 53,556.21 0 0.0

n number of individuals
% % = (cases in an age group/cases in all ages) x 100

5% = (deaths in an age group/cases in an age group) X 100

Regarding the referrals to specialists from PC visits,
48.8% of the referrals for all ages were for those in the >
45-years group. This proportion was higher for pneumococ-
cal disease and herpes zoster (Table 3).

3.3 Total Costs

As shown in Table 4, 63.9% (€134.1 million) of the total
costs were incurred by adults aged 45 years and older. This
percentage is even higher when looking at specific diseases,
such as herpes zoster or pneumococcal disease. In this age
group (> 45 years), pneumococcal disease had the highest
burden (44.4% of the total direct cost), followed by influenza
(39.5%), herpes zoster (16.0%) and pertussis (0.1%).
Regarding the distribution of the total cost by type of
resource (shown in Fig. 2), hospitalisations have the high-
est impact on the total costs of all diseases, accounting for
58.1% of the total cost. However, within each disease, hos-
pitalisations accounted for the highest impact on total cost

for pneumococcal disease and influenza, but not for herpes
zoster and pertussis, whose burdens are mainly derived from
PC visits.

4 Discussion

This study analysed data from two public databases in 2015
and showed a direct economic burden of €134.1 million for
the Spanish NHS attributable to the four preventable dis-
eases in adults > 45 years of age. Pneumococcal disease
accounted for 44.4% of the burden, followed by influenza
(39.5%), herpes zoster (16.0%) and pertussis (0.1%). Hos-
pitalisations had the highest burden with 58.1% of the total
costs (€77.9 million), then PC (€35.0 million, 26.1%) and
referrals (€21.1 million, 15.8%). Moreover, the four pre-
ventable diseases in adults > 45 years of age accounted for
63.9% of total direct healthcare expenditure of these diseases
in the Spanish general population.
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Table 3 Primary care visits
and referrals to specialists by
disease and age group

Age group (years)

Cases (n)

% Cases”

Visit cost (€)

Referrals

% Referrals®

Referrals cost (€)

Herpes zoster

All ages 225,663 100 13,961,769.81 96,017 100 7,535,414.16
45-64 69,376 30.7 4,292,293.12 30,066 31.3 2,359,579.68
65-74 48,092  21.3 2,975,452.04 22,635 23.6 1,776,394.80
> 74 55,018 244 3,403,963.66 25,431  26.5 1,995,824.88
Total (> 45) 172,486  76.4 10,671,708.82 78,132 814 6,131,799.36
Pneumococcal disease
All ages 176,453 100 10,917,136.10 68,998 100 5,414,957.47
45-64 32,551 18.4 2,013911.81 14,345  20.8 1,125,764.44
65-74 19,937 11.3 1,233,530.84 11,510 16.7 903,301.11
> 74 37,489 212 2,319,427.35 19,859  28.8 1,558,543.11
Total (> 45) 89,977 51.0 5,566,870.00 45,714  66.3 3,587,608.66
Influenza
All ages 827,373 100 51,189,567.51 298,131 100 23,397,320.88
45-64 225777 273 13,968,822.99 96,774  32.5 7,594,823.52
65-74 47,791 5.8 2,956,829.17 29,420 9.9 2,308,881.60
> 74 29,384 3.6 1,817,988.08 19,146 6.4 1,502,578.08
Total (> 45) 302,952 36.6 18,743,640.24 145,340  48.8 11,406,283.20
Pertussis
All ages 11,062 100 684,405.94 3703 100 290,611.44
45-64 1141 10.3 70,593.67 0 0.0 0.00
65-74 0 00 0.00 0 0.0 0.00
> 74 0 00 0.00 0 0.0 0.00
Total (> 45) 1141 10.3 70,593.67 0 0.0 0.00

n number of individuals
4% = (cases in an age group/cases in all ages) x 100

5% = (referrals in an age group/referrals in all ages) x 100

Table 4 Total costs by disease

Referrals (€)
and resource

Hospitalisation (€) Primary care (€) Total costs (€) %"

Herpes zoster

All ages 5,735,975.52 13,961,769.81 7,535,414.16  27,233,159.49

> 45 years 4,705,568.44 10,671,708.82 6,131,799.36  21,509,076.62 79.0
Pneumococcal disease

All ages 58,713,262.80 10,917,136.10 5,414,957.47  75,045,356.37

> 45 years 50,359,238.66 5,566,870.00 3,587,608.66  59,513,717.32 79.3
Influenza

All ages 28,278,973.48 51,189,567.51 23,397,320.88  102,865,861.87

> 45 years 22,794,171.44 18,743,640.24 11,406,283.20  52,944,094.88 51.5
Pertussis

All ages 3,740,938.88 684,405.94 290,611.44 4,715,956.26

> 45 years 53,556.21 70,593.67 0.00 124,149.88 2.6
Total

> 45 years 77,912,534.75 35,052,812.73 21,125,691.22  134,091,038.70 63.9

4% = (total cost per disease in adults > 45 years/total cost per disease in all ages) x 100

costs, such as those derived from productivity losses, were
not considered. Previously published studies on these four
diseases have included other resources and parameters to

The present study has only estimated the direct medical
costs extracted from public databases; the costs calculated
may be underestimated since other relevant direct or indirect
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Fig. 2 Distribution of total
costs by type of resource and
disease in adults aged 45 years
and older

Influenza

Herpes zoster

Pneumococcal disease

Pertussis

W Hospitalisations

estimate the burden. For instance, in Spain, workers take on
average 5 days of sick leave for an influenza episode [25],
which has an indirect impact on the economy. An observa-
tional study from 2006, which took into account both direct
and indirect costs of an influenza epidemic in Spain, deter-
mined this burden at €1036.9 million, with €371.2 million
on account of absenteeism [26]. This estimate is approxi-
mately ten times higher than the estimate for influenza in the
present study (€102.9 million as seen in Table 4), probably
due to the different methodology used to capture resource
use.

In addition, several publications have shown results
consistent with those of the present study, thus confirm-
ing the reliability of the analysis performed. A recent study
estimated the economic burden of herpes zoster in Span-
ish adults aged 50 years or older from an NHS and societal
perspective. The results of this analysis were aligned with
the present study: costs were higher in older age groups and,
in the distribution of direct costs, the burden was derived

M Primary care Referrals

mainly from PC visits (44.9%; compared with 49.6% in the
present study) [27].

Another study on the risk of hospitalisation due to pneu-
mococcal disease in Spain pointed out that, in 2011, there
were 10,861 hospital discharges, with significantly higher
hospitalisation rates among patients over the age of 65 years
[28]. The estimated cost of these hospitalisations was more
than €57 million, which is consistent with the current esti-
mation (€58.7 million). As expected, the disease burden was
higher among the older population.

Regarding pertussis, prior studies have also revealed a
marked age distribution in cases, with the highest incidence
among the youngest [29, 30]. Although the incidence is not
reported in our study, 89.7% of PC visits and 100% of refer-
rals to specialists were recorded in the population < 45 years
of age, which serves as an indicator of a greater number of
cases in this group. In adults older than 45 years, Fernin-
dez-Cano et al. in Spain and Crespo et al. in the Catalonia
region of Spain found similar incidence rates, with fewer
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than 0.1 cases per 100,000 and 0.11 cases per 100,000 peo-
ple, respectively [29-31]. However, this number is far below
the observed values in other countries (e.g. 1-2 cases per
100,000 people in the Netherlands, 2—5 cases per 100,000
people in Denmark and 2.9—-4.6 cases per 100,000 people
in North America), and the authors assumed severe under-
reporting [31]. Since pertussis symptoms are usually mild in
the adult population, and PC physicians are less sensitised
than paediatricians, it can be easily undiagnosed [29, 32].

Data used in the current study were from 2015, as these
were the latest available at the time of the study. Despite
the possible dynamics of healthcare costs, these data are
still useful from a public health perspective since healthcare
resources attributable to these four diseases can be assumed
to have remained constant over the years until 2020 when the
COVID-19 pandemic started. Three statements support this
choice: first, the RENAVE reports showed no variation in the
incidence of the four diseases over the last years in Spain,
which suggest no variation in direct medical resources (i.e.
herpes zoster incidence in Spain was constant from 2014 to
2018 [33], as well as flu incidence from 2015 to 2018 [34,
35]); second, vaccination coverage rates for adults aged 65
years or older remained low and constant over time [36, 37];
and finally, as shown by the Spanish National Institute of
Statistics, the Consumer Price Index remained stable until
2020 [38].

Although childhood immunisation programmes are well
known and implemented in Spain and are characterised
by high vaccination coverage, adult vaccination is often
neglected [37]. In 2019, a multidisciplinary panel of health-
care experts published an opinion paper about adult vac-
cination where they reviewed the main vaccine-preventable
adult diseases (three of them included in the present study)
and suggested following a vaccine selection based on that
of the North American Advisory Committee on Immunisa-
tion Practices, which includes the four vaccine-preventable
diseases analysed in this study among the seven diseases that
would benefit most from a vaccination schedule in developed
countries [25, 39].

The aim of this study was to show the distribution of the
total direct costs attributable to these four diseases across all
ages, and to compare them with the age group > 45 years.
Our findings highlighted that 63.9% of the total costs were
attributable to this age group (adults > 45 years). Given the
low adult vaccination rates against pneumococcal disease
and flu (the only ones included in the Spanish NIP) and
considering that vaccination is an efficient public health
intervention, our results suggest that increasing adult vac-
cination awareness may contribute to reduce direct medical
costs, although future cost-effectiveness analysis including
other disease-related costs, vaccination costs and vaccination
effectiveness would be needed.
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This study has several limitations. First, the databases
used in the analysis capture only 93% of hospitalisations and
10% of the information on PC visits; however, as explained
in the methods section, the data that BDCAP retrieves for
PC visits are adjusted to the entire population. Additionally,
although there is representation of the whole geographical
area, not all the Spanish regions are included in the BDCAP.
Data analysed were retrieved from medical records, and thus
carried bias related to their collection and there was little
margin to minimise this risk. However, a detailed analysis
of the ICD-9 and ICPC-2 codes was performed to ensure a
precise inclusion/exclusion of patients/cases. Related to the
codification, ICD-9 is still in use in Spain, which does not
allow the same level of specificity as the ICD-10 code would
allow. Likewise, the ICPC-2 codification is not very specific,
which could cause some bias due to an inadequate specificity
of disease definition. In addition, since 2015, some updates
have been made to the codification of the databases, which
do not meet the needs of the project. Consultation costs for
both PC and referrals were just for the visits themselves
and did not include the pharmacological costs derived from
patients’ management. Finally, the information available is
related to episodes of the diseases (e.g. hospitalisation, PC
visits) but not to patients; therefore, data can only be used
as an approximation of the diseases’ incidence, and exact
incidence cannot be calculated.

5 Conclusion

This study showed that the direct economic burden of herpes
zoster, pneumococcal disease, influenza and pertussis was
high in Spain for adults > 45 years of age, accounting for
63.9% of the direct economic burden of these diseases across
all ages, and even with estimated costs being potentially
underestimated due to the absence of other direct and indi-
rect costs. Hospitalisations accounted for more than half of
this burden, followed by PC visits and referrals. Increasing
preventative healthcare such as vaccination coverage among
older adults may potentially reduce the economic burden
of these four vaccine-preventable infectious diseases, espe-
cially herpes zoster, pneumococcal disease and influenza,
for the NHS and allow for redistribution of available health-
care resources. However, future cost-effectiveness analysis
including other disease-related costs, vaccination costs and
vaccination effectiveness would be needed to confirm this
assumption.
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