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Chapter 11

This thesis provides evidence on the cost-effectiveness of vaccination strategies to protect 
older adults against herpes zoster (HZ) (part I) and influenza (part II). This chapter summa-
rizes and discusses the principle findings of each part and their implications of each part. 
In part III, the findings of this thesis are put in a broader perspective in the context of an 
‘elderly vaccination programme’ by (i) comparing the cost-effectiveness results of vaccina-
tion against HZ and influenza with vaccination strategies against other infectious diseases, 
(ii) estimating the budget impact of a vaccination programme for older adults, (iii) discuss-
ing further challenges of health economic evaluations of vaccination programmes for older 
adults, and (iv) mentioning some future considerations.

Part I: Cost-effectiveness of vaccination against herpes 
zoster
Principle findings of this thesis
In part I, the objectives were to determine the cost-effectiveness of vaccination of older adults 
against HZ in the Netherlands, to demonstrate how the cost-effectiveness of the recombinant 
subunit vaccine (HZ/su) would compare with that of the live-attenuated vaccine (Zoster vac-
cine live [ZVL]), and to estimate the optimal age of vaccination. Generally, we found that 
reductions in the list prices of vaccines are required before vaccination against HZ would 
become cost-effective for the conventional Dutch threshold for preventive interventions of 
€20,000 per QALY gained (Chapter 3 and 4). However, for a threshold of €50,000 per QALY 
gained, HZ vaccination would be cost-effective even at the current list prices. Due to its high-
er efficacy, vaccination with HZ/su results in significantly higher health gains as compared to 
vaccination with ZVL, and thus allows for a substantially higher vaccination cost per series 
to remain cost-effective (Chapter 4). However, as HZ/su requires double dosing, there are 
also pricing scenarios in which ZVL has the highest probability of being the most cost-effec-
tive option. Optimal age of vaccination from a cost-effectiveness point of view was 70 years 
for HZ/su and 60 years for ZVL, but this was highly dependent on assumptions around the 
duration of protection (Chapter 4). The cost-effectiveness of HZ vaccination may improve 
after the introduction of a varicella vaccination programme for children, because varicella 
vaccination may increase the incidence of HZ in older adults due to a reduction of immune 
boosting from the circulating varicella zoster virus (VZV) (Chapter 5).

Implications of this thesis
Results of this thesis have been considered by the Health Council of the Netherlands (Dutch: 
“Gezondheidsraad” [GR]) in their decision whether or not to recommend HZ vaccination for 
older adults. In 2016, the GR recommended against HZ vaccination with ZVL within a pub-
lic programme, because vaccine effectiveness and duration of protection were judged to be 
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too limited in the oldest age-groups [1]. In 2019, the GR recommended the vaccination with 
HZ/su within a public programme, as it was considered essential health care [2]. However, 
the GR indicated that the incremental cost-effectiveness ratio (ICER) would be higher than 
€20,000 per QALY gained (using the expected list price of €113.40 per dose in Germany [3]; 
226.80 per series), and this list price should decrease by 50% to meet this threshold. An ICER 
below €20,000 per QALY gained was considered as desirable by the GR, because the disease 
burden of HZ is substantially lower than that of influenza and pneumococcal disease.  The 
age of vaccination was recommended at 60 years, because the GR expected that vaccination 
at this age would prevent the most disease burden and this age of vaccination was the most 
cost-effective. At the moment of writing of this thesis, the Ministry of Health is considering 
whether or not to follow the GR’s recommendation.

Long-term protection of HZ vaccination
The cost-effectiveness and optimal age of HZ vaccination is highly dependent on the duration 
of protection. The GR’s recommendation for HZ/su to vaccinate at the age of 60 years relies 
upon the assumption that the duration of protection is longer than 17 years, the minimum 
duration of protection required to change the optimal age of vaccination from 70 years to 
60 years in the model. However, a duration of protection longer than 17 years is uncertain, 
because the clinical trial providing the relevant evidence had a follow-up of only four years, 
and the long-term efficacy of HZ/su was based on extrapolation of the trial data. Although 
the durability of humoral or cellular immune responses following vaccination with HZ/su is 
substantially longer than four years, these parameters do not always provide a correlate of 
protection. For instance, immunogenicity studies of ZVL indicated significant cell-mediated 
immunity at 10 years after vaccination [4], but data from clinical trials and observational 
studies found no significantly protective effect against HZ or PHN after 10 years [5]. Al-
though clinical trials indicate that the efficacy of HZ/su is somewhat lower and the waning is 
somewhat faster in adults aged ≥70 years as compared to adults aged <70 years, the risk of 
HZ and PHN given HZ is higher above the age of 70 years. If HZ/su appears to be only pro-
tective for 10 years, older adults may no longer be protected above the age of 70 years when 
vaccination is at 60 years. A more conservative approach would be to initiate the programme 
with vaccination at the age of 70 years, and then adjust to 60 years or even to 50 years when a 
durable duration of protection has been confirmed. The long-term protection of HZ/su is cur-
rently investigated in separate clinical trials, and real-world vaccine effectiveness estimates 
from countries that already have implemented vaccination with HZ/su will become available 
in the next decade. Reassessment of the cost-effectiveness of HZ/su is important to evaluate 
the validity of the recent decision from the GR.
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Indirect effect of a childhood varicella vaccination programme
Currently, the Netherlands has not implemented a childhood influenza vaccination pro-
gramme against varicella, but the GR has planned to give their recommendation on this in 
2020 [6]. A childhood varicella vaccination programme has been hypothesized to increase 
the disease burden of HZ in older adults due to the absence of exogenous immune boosting. 
Modelling indicates that, if this hypothesis is valid, the cost-effectiveness of the childhood 
varicella vaccination programme changes from being cost-effective to being more costly as 
well as causing an overall loss of health [7]. So far, real-world data have not provided conclu-
sive evidence on whether or not a varicella vaccination programme increases the incidence of 
HZ in older adults [8]. Possibly, endogenous boosting (subclinical reactivation of the latent 
VZV) has taken over the role of exogenous boosting [9]. If varicella vaccination is added to 
the childhood vaccination programme, the incidence of HZ in older adults should be closely 
monitored in order to detect a potential increase. Varicella vaccination could also be com-
bined with a HZ vaccination programme, which has been estimated to be cost-effective for 
vaccination with ZVL in Belgium, UK and Italy [10-12]. In the long term, HZ vaccination 
may become less cost-effective with ageing of varicella-vaccinated cohorts, as observational 
studies in children and adolescents suggest that the incidence of HZ in vaccinated individuals 
is significantly lower compared to unvaccinated individuals [13, 14].

Conclusion
HZ/su is the preferred vaccine candidate for vaccination of older adults against HZ, because 
HZ/su is expected to result in a larger health gain compared to ZVL. However, a substantial 
reduction in the assumed list price is required to meet the indicated cost-effectiveness thresh-
old of €20,000 per QALY gained. Given the uncertainty around the duration of protection of 
HZ/su, 70 years would currently be the recommended age of vaccination, but this could be 
lowered to 60 years or even 50 years if long-term follow-up data show a durable duration of 
protection. A vaccination programme against HZ may also be recommended if varicella vac-
cination for children were to be implemented, because such a vaccination programme could 
potentially increase the incidence of HZ in adults.

Part II: Cost-effectiveness of vaccination against influenza
Principle findings of this thesis
In part II, one objective was to determine the cost-effectiveness of a switch from the tradi-
tionally used trivalent influenza vaccine (TIV) to the quadrivalent influenza vaccine (QIV). 
Furthermore, we investigated if augmenting the vaccination programme for older adults and 
clinical risk groups with a paediatric influenza vaccination programme would be cost-effec-
tive. We also compared whether paediatric influenza vaccination prevents more disease bur-
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den in older adults as compared to a switch from TIV to QIV for vaccination of older adults 
and clinical risk groups themselves. We found that in the majority of high-income countries a 
switch from TIV to QIV was estimated to be cost-effective for the national willingness-to-pay 
thresholds (Chapter 6, 7). In the low- and middle-income countries (LMICs), South Africa 
and Vietnam, QIV was not cost-effective for a general cost-effectiveness threshold specifical-
ly estimated for LMICs (Chapter 8), and in Vietnam the additional money spent on QIV may 
be better invested in increasing the uptake of TIV (Annex 8.1). In the Netherlands, paediatric 
vaccination was estimated to be cost-saving, and paediatric vaccination strategies with the 
quadrivalent live-attenuated influenza vaccine (Q-LAIV) dominated vaccination strategies 
with TIV (Chapter 9). The majority of paediatric influenza vaccination strategies prevented a 
higher number of deaths among older adults compared with switching from TIV to QIV for 
older adults. The highest net health benefit was obtained when paediatric influenza vaccina-
tion with Q-LAIV was combined with vaccination of clinical risk groups with QIV.

Implications of this thesis
The question regarding a potential switch from TIV to QIV became urgent in the Netherlands 
after the 2017/18 season, a very severe season in which the TIV-unmatched B virus was dom-
inant [15]. A rapid decision-making process was required for the potential implementation 
of QIV in the 2019/20 season, and an outbreak management team (OMT) meeting was orga-
nized in September 2018. The OMT did not come to a conclusive recommendation, because 
there was doubt as to whether the unmatched influenza B-lineage would dominate in the next 
season, and whether QIV would have reduced the severity of the epidemic in the 2017/18 
season [16]. As a result, three alternatives were provided to the Ministry of Health: 1) contin-
ue the use of TIV pending the decision of the GR that is expected in 2020, 2) switch to QIV 
for children with chronic medical conditions only, because this target-group is expected to 
benefit most from QIV, and 3) switch to QIV for all ages as it would reduce the disease bur-
den and is expected to be cost-effective based on modelling. In October 2018, the Ministry of 
Health decided to switch from TIV to QIV arguing that the best available vaccine should be 
used to reduce the burden of influenza [17]. The GR’s recommendation regarding paediatric 
influenza vaccination is expected in 2020 [6].

Long-term protection of influenza vaccination
There are potential long-term effects of influenza vaccination that are currently not account-
ed for in modelling studies, because the mechanisms remain to be clarified. There is debate 
regarding the impact of repeated influenza vaccination. Some studies report that previous 
vaccination negatively interferes with vaccine effectiveness in the current season, while other 
studies report continuous protection [18]. The antigenic distance hypothesis has provided a 
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framework to understand variability in epidemic size, suggesting that the current season’s 
vaccine effectiveness is negatively affected when the vaccine strain is unchanged and anti-
genically distinct from circulating viruses [19]. A recent study from Canada estimated that 
the vaccine effectiveness of TIV against influenza B was higher than 50% regardless of lin-
eage match, except when the vaccine strain was unchanged from the prior season and the 
circulating lineage did not match [20]. Selection of the B-lineage of TIV based on number 
of years since vaccination with either lineage, and whether there has been antigenic drift 
in either lineage during that time may provide some of the benefits of QIV, but without the 
additional cost [21]. More studies on the impact of repeated vaccination that account for the 
history of vaccination as well as natural infection over multiple seasons are needed.

Indirect effects of a childhood influenza vaccination programme
Modelling indicates that herd-immunity contributes substantially to the net health benefit 
of a paediatric influenza vaccination programme, and most paediatric influenza vaccination 
strategies that have been considered are more effective in the prevention of mortality in older 
adults than the use of QIV in older adults themselves. It is important that such findings are 
validated by real-world data. An ecological study estimated that a school-based vaccination 
programme reduced influenza mortality among elderly in Japan in the period 1962 to 1987 
[22]. Recent studies from the US and the UK, however, did not find a significant impact of 
paediatric influenza vaccination programmes on mortality in older adults thus far [23, 24]. 
Large-scale studies of implemented childhood vaccination programmes are required to bet-
ter quantify indirect influenza vaccine effectiveness. While childhood influenza vaccination 
should not be considered as a strategy to replace vaccination of clinical risk groups [25], it 
has a potential effect on the cost-effectiveness of the existing vaccination programme for 
older adults. This is illustrated by a modelling study from the UK that indicated that influen-
za vaccination for low-risk older adults may cease to be cost-effective in the presence of a 
childhood influenza vaccination programme [26].

The duration of immunity following a natural influenza infection is substantially longer than 
the duration of protection following influenza vaccination [27]. Modelling indicates that 
age-cohorts that leave the paediatric influenza vaccination programme have an increased risk 
of influenza due to a lack of build-up of long-term natural immunity. Childhood vaccination 
is expected to be more cost-effective in the first seasons after introduction of the vaccination 
programme, when the population still benefits from pre-existing natural immunity (honey-
moon effect). Economic evaluations of childhood influenza vaccination should therefore be 
evaluated over a longer time-period, e.g. 20 or 30 years, and not over a single season.
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Any vaccination programme should be carefully considered concerning potential negative in-
direct effects to avoid inefficient allocation of scarce resources and to maintain the trust in the 
vaccination programme as a whole. A recently published modelling study for the Netherlands 
indicates that paediatric influenza vaccination may increase the variation in epidemic size; 
i.e. seasons with small epidemics are occasionally alternated with a season with a larger ep-
idemic than seen without paediatric influenza vaccination [28]. Such disproportionally large 
epidemics occur due to an increase of the susceptibles fraction of the population in seasons 
with small epidemics. The occurrence of large epidemics may have consequences for public 
health, when, for instance, health care demand exceeds hospital capacities. Therefore, future 
modelling studies are recommended to report both the average estimated impact of childhood 
influenza vaccination across seasons and the variability in attack rate between seasons.

Accumulating evidence shows that the first influenza infection in life determines immune 
responses against subsequent infections (imprinting) [29], but whether vaccination promotes 
or interferes with imprinting is still unclear [30]. It has been suggested that the prevention of 
influenza infections with inactivated vaccines in early childhood increases the vulnerability 
to pandemic strains due to the lack of build-up of cross-protective immunity [31]. However, 
this suggestion is mainly based on animal studies, and it is unclear whether the finding is also 
valid for humans [32]. LAIV has been shown to induce a cross-protective immune response 
due to actual replication in the upper-respiratory tract, and therefore may also provide some 
protection against pandemic strains [33]. However, pre-existing immunity may inhibit the 
replication of the attenuated influenza virus, which has been referred to as one of the possible 
explanations why LAIV was not effective against the influenza A/H1N1pdm09 virus in the 
United States in the 2015/16 season [34].   

Conclusion
Modelling indicates that a switch from TIV to QIV for older adults and clinical risk groups 
would be cost-effective, but high quality data on the additional protection of QIV compared 
to TIV is lacking. Prospective studies comparing the effectiveness of different vaccines over 
multiple seasons are desirable to underpin decision making on the use of QIV, but have not 
yet been carried out. Childhood influenza vaccination is expected to result in substantial 
health gains in children and in the wider population, and would be cost-saving from a societal 
perspective. Q-LAIV would be the preferred vaccine for children, as repetitive vaccination 
with inactivated influenza vaccines may increase the vulnerability to future pandemic strains 
due to the interference of a build-up of cross-reactive immunity. However, there are still con-
troversies regarding the long-term effectiveness of vaccination with LAIV due to inhibition 
of replication of the attenuated virus by pre-existing immunity, the validity of modelling re-
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sults in terms of the number of deaths prevented among older adults through herd immunity 
due to the childhood vaccination programme, and the risk of large outbreaks following child-
hood vaccination. The UK is currently rolling out an LAIV vaccination programme for 2-16 
year-olds; data from the surveillance system connected to this programme start to address the 
need for evidence regarding the direct and indirect effects of such a programme over a longer 
time-period. However, in order to give conclusive answers on the aforementioned questions, 
a UK data set covering more seasons than currently available is needed, and it is therefore 
recommended to wait for these data before making a decision on the implementation of child-
hood influenza vaccination in the Netherlands.

Part III: Towards a broader elderly vaccination programme
Comparison with vaccination strategies against other infectious diseases 
Cost-effectiveness allows the comparison of vaccination against HZ and influenza with other 
vaccine-preventable diseases that cause substantial disease burden in older adults, i.e. pneu-
mococcal disease and pertussis. In Table 1 we summarize the cost-effectiveness and health 
impact for a range of vaccination strategies against different infectious diseases. As well as 
vaccination strategies against HZ and influenza, we show economic outcomes of vaccination 
strategies against pneumococcal disease (23-valent polysaccharide pneumococcal vaccine 
[PPV23] and 13-valent pneumococcal conjugate vaccine [PCV13]), and against pertussis 
(tetanus-diphtheria-acellular pertussis [DTaP] vaccine). In addition, we added economic out-
comes of vaccination strategies for children that could indirectly affect the disease burden 
in older adults, such as varicella vaccination, and a switch from the 10-valent pneumococcal 
conjugate vaccine (PCV10) to PCV13. These economic outcomes were obtained from the 
literature [7, 10, 35, 36].

Due to the high disease burden of pneumococcal disease in older adults [37], pneumococcal 
vaccination of older adults is expected to result in the largest health gain per vaccinated 
individual (Table 1). Vaccination with PPV23 is expected to be the more cost-effective than 
vaccination with PCV13 due to a lower vaccine price. Cost-effectiveness analysis indicates 
that the implementation of pneumococcal vaccination should be prioritized above the im-
plementation of HZ vaccination, as it results in a higher health gain and the ICER is lower. 
A switch from PCV10 to PCV13 in children could also lead to substantial health benefits in 
older adults, but could also negatively affect the cost-effectiveness of pneumococcal vaccina-
tion in older adults in the longer term due to serotype replacement [35]. Pertussis vaccination 
at the age of 60 years is estimated to be cost-effective when the reported incidence among 
older adults is substantially adjusted for underreporting. Vaccination of older adults is not es-
timated to be cost-saving for any disease considered. From a cost-effectiveness perspective, 
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vaccination of children against influenza with Q-LAIV would have the highest prioritization, 
as it is expected to result in substantial health gains in older adults and on a population-level, 
and is estimated to be cost-saving.

Table 1: The cost-effectiveness and relative health impact in quality adjusted life years of different 
vaccination strategies. Vaccination strategies in other target groups that could affect the disease bur-

den among older adults via indirect effects are presented in italics.

ICER

QALYs gained in older adults per 100,000 vaccinated individuals

Negative 0-30 30-100 100-300 300-1000 1000-3000

Cost-saving Influenza  
TIV 2-17y a

Influenza  
Q-LAIV 2-17y a

€0-20,000 
per QALY 
gained

Influenza  
QIV ≥60y 
(vs. TIV)

Varicella <5y 
(no indirect 
effect on 
herpes zoster 
incidence) a

Influenza  
TIV ≥60y

Pertussis 
TDaP ≥10y 
(adjusted for 
underreport-
ing)

Pneumococcal 
PPV23 60-70y

€20,000-
50,000 per 
QALY 
gained

Pertussis  
TDaP 20-64y  
(not adjusted 
for underre-
porting)

Herpes zoster  
ZVL 60-79y

Herpes zoster 
HZ/su ≥60y

Pneumococcal 
PCV13 <1y 
(vs. PCV10) b

Pneumococcal 
PCV13 65-70y

>€50,000 
per QALY 
gained

Herpes zoster 
ZVL ≥80y

Pneumococcal 
PCV13 60y

Dominatedc Varicella <5y 

(indirect effect 
on herpes 
zoster inci-
dence) a

a: QALY gain among ≥60 year-olds; ICER based on outcomes among all age-groups, b: QALY gain and ICER 
based on outcomes among ≥60 year-olds; c: vaccination results in lower QALYs and higher costs as compared 
to no vaccination. HZ/su: Herpes zoster subunit vaccine, ICER: Incremental cost-effectiveness ratio, PCV10: 
10-valent pneumococcal conjugate vaccine, PCV13: 13-valent pneumococcal conjugate vaccine, PPV23: 23-va-
lent pneumococcal polysaccharide vaccine, QALY: Quality-adjusted life-year, y: year, ZVL: Zoster vaccine live. 

Budget impact of vaccination programmes for older adults
Next to cost-effectiveness, the budget impact of vaccination programmes is also considered 
important by policy makers. Table 2 shows the potential budget impact of an extended vacci-
nation programme for older adults against influenza (switch from TIV to QIV for the current 
programme), pneumococcal disease (PPV23 at 60, 65, 70 years and 75 years), HZ (HZ/
su at 60 years) and pertussis (TDaP at 60 years). We used several assumptions regarding 
the vaccine coverage and vaccine price that are explained below (Table 2), and which can 
be subject to change. The total increase in vaccination costs (cost related to vaccines and 
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administration) as compared to the existing programme against influenza with TIV alone is 
estimated at €49.2 million, and the budget impact is estimated at €41.0 million. Adding up the 
vaccination costs of €49.2 million to the vaccination costs of the existing influenza vaccina-
tion programme with TIV (€55.3 million), the total expenditure on vaccines for older adults 
would become €104.5 million. These vaccination programme costs would be higher than 
the total expenditure of €93 million on the national immunization programme for children 
in 2014 [38]. It should be noted that a significant part of the health care savings will not be 
incurred in the year of vaccination, as the effectiveness of vaccination programmes against 
pneumococcal disease, HZ and pertussis are spread out over a longer time period, while vac-
cination with QIV only lowers health care costs in seasons with a TIV mismatch. Moreover, 
we assumed a steady state situation and start-up costs may be significantly higher when a 
catch-up programme for older cohorts is added. Policy makers should be aware that, although 
potentially cost-effective, vaccination programmes for older adults would be expected to lead 
to a substantial increase in the health care budget that is spent on vaccination, because vacci-
nation programmes for older adults are not estimated to be cost-saving. 
 
Table 2: Budget impact of a future vaccination programme for older adults in the Netherlands.
Disease Vaccination 

strategy
Vaccinated 
individuals

Additional 
vaccination 
costs per dose/
series (€)

Vaccination 
costs  
(€, millions)

Prevented 
health care 
costs (€, 
millions)

Budget 
impact (€, 
millions)

Influenza QIV for ≥60y 
and <60y with 
risk conditions 
(vs. TIV)

3,618,300 a 3.2 b 11.7 1.8 f 9.9

Pneumococcal 
disease

PPV23 for 60y, 
65y, 70y, 75y 

463,100 a 33.5 c 15.5 3.5 g 12.0

Herpes zoster HZ/su for 60y 135,600 a 127.7 d 17.3 2.4 h 14.9

Pertussis TDaP for 60y 135,600 a 34.4 e 4.7 0.4 i 4.3

Total 4,352,600 198.8 49.2 8.1 41.0
a: based on population data of 2018 and assuming a 60% vaccination coverage, b: 90% price increase of the ten-
dered TIV price of €3.59, c: Vaccine costs of €21.80 and administration costs of €11.70 (2018 tariff for influenza 
vaccination at the GP [72]), d: Based on two doses within 6 months and assuming 100% adherence to the second 
dose. Vaccine costs of €108 (vaccine costs that equal a threshold of €20,000 per QALY gained [73]) and adminis-
tration costs of €23.40 per series [73]. e: Vaccine cost of €22.70 and administration cost of €11.70, f: annual savings 
, g: Discounted savings on hospitalization costs over a time-horizon of 10 year [35], h: Discounted savings over a 
time-horizon of 15 years, i: Discounted savings over a lifetime time-horizon based on a one-time adult vaccination 

at 20-64 years in Germany [36].

Further challenges regarding economic evaluations of vaccination pro-
grammes for older adults
Decision making based on cost-effectiveness alone would obviously ignore the shortcomings 
that are inherent in economic evaluations. Cost-effectiveness models are always a simplifi-
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cation of the truth and assumptions are made when relevant data is not available. Below, we 
discuss some challenges regarding the economic evaluation of vaccination programmes for 
older adults.
 
Heterogeneity in older adults
Heterogeneity refers to differences between individuals or population subgroups in terms of 
health status, vaccine responsiveness and social behaviour [39]. As compared to children, 
there is wider variation in health status among older adults due to a higher prevalence of 
comorbidities. As high-risk groups are more likely to develop severe disease given infection, 
differences in vaccine uptake and vaccine effectiveness between risk groups could introduce 
a bias in these analyses. For instance, the cost-effectiveness of HZ vaccination could be 
overestimated when HZ incidence rates of the general population are applied on an immuno-
competent target-population, while the cost-effectiveness of influenza vaccination could be 
overestimated when the vaccine effectiveness of older adults in general is applied to a frail 
elderly population. However, to properly account for heterogeneity in economic evaluations, 
support from relevant data is necessary. Clinical trials and post-licensure studies on vaccine 
effectiveness in different risk-groups should be conducted, as patients with certain medical 
conditions and the frail elderly are usually excluded from trials. Heterogeneity in behaviour 
could also be important, since frail elder persons living in a nursing home presumably have 
different contact patterns than healthy older adults who may take care of their grandchildren. 
Frequently used contact data from the POLYMOD study does not contain information about 
living situation or frailty [40]. Furthermore, country-level population models do not account 
for heterogeneity in population density, age-distribution and vaccination coverage between 
regions. For instance, in the Netherlands, unvaccinated people are clustered in specific re-
gions. Besides sublevel data on disease burden and vaccination characteristics, there is also a 
need of sublevel data on demographic parameters used in health-economic decision models 
such as life-expectancy, labour participation rates and social status.

Interaction between pathogens
Current health-economic models usually focus on a single pathogen, while in reality there 
could be interaction between different pathogens. For instance, some evidence exists that 
influenza infection may facilitate the progression of Streptococcus pneumoniae from carriage 
to severe disease [41]. An ecological study from the UK indicates that influenza has statis-
tically significant contribution to invasive pneumococcal disease in children and younger 
adults [42], although in absolute number the contribution of influenza was low. As a con-
sequence, paediatric influenza vaccination may also alleviate antibiotic usage, which could 
subsequently contribute to the prevention of antimicrobial resistance [43]. Other evidence 
suggests that influenza infections induce non-specific immune responses that can protect 
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against other respiratory viruses. Modelling suggests a negative interaction between influ-
enza A virus and rhinovirus [44], and influenza-vaccinated individuals were found to have a 
significantly increased risk of rhinovirus infection in Hong Kong [45]. 

Infectious diseases may also contribute to a deterioration of general health status (patients do 
not return to their baseline health status after infection), which could result in increased sus-
ceptibility to other infectious diseases. An observational study from the Netherlands found 
that older adults with suspected pneumonia had a lower health-related quality of life and a 
higher risk of mortality after 12 months as compared to comparable non-diseased subjects 
[46]. A reduced health status may eventually result in frailty, and the frail elderly are thought 
to be at increased risk of, for instance, HZ and cytomegalovirus infection [47, 48] as well as 
having an increased risk of vaccine failure of vaccines against influenza and pneumococcal 
disease [49, 50]. More work is needed to find out how pathogens interact with each other, 
how infections affect long-term health status, and to clarify the role of vaccination in the 
prevention of premature deterioration of health status. Mathematic modelling may contribute 
to the understanding of these issues, but the mechanisms are complex and embedding model 
results in economic frameworks may be challenging.

Accounting for public support
It is acknowledged that evaluation frameworks alone offer insufficient basis for fair and 
efficient decision making on public funding of vaccinations. In cost-effectiveness analyses, 
the QALY summarizes the overall health gain on a population level, but ignores the so-
cial context in which this health gain occurs. For instance, the QALY integrates quantitative 
(prevented death) and qualitative (improved quality of life) health gains and sums up health 
gains for different age- and risk groups [51]. The social context is particularly important for 
decisions regarding vaccination programmes, as the vaccinated part of the population affects 
the disease burden in the unvaccinated part of the population as a result of herd immunity. A 
recent study from the UK that addressed people’s preferences between efficiency of vacci-
nation programmes and equity in health distribution found that averting a side effect carried 
more weight than the prevention of a natural infection with similar disease burden [52]. 
Furthermore, the prevention of an infection had more weight in children than in older adults. 
Incorporation of such preference patterns in cost-effectiveness analyses could be relevant to 
address “public support” in the prioritization of vaccination programmes. Recently, the Na-
tional Health Care Institute of the Netherlands decided to involve the public in the discussion 
regarding which health care should be funded under the health insurance act [53].

Model transparency and validation
Trust and confidence in model outcomes are critical for the use of modelling in policy mak-
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ing. Transparency (how the model is built) and validation (how well it reproduces reality) 
are relevant aspects for achieving this [54]. Dynamic transmission models are often complex 
and data hungry, and there is a risk that policy makers are not able to oversee all model 
processes and thus consider the model as a black box. The gives rise to the risk that policy 
makers becomes wary of using model outcomes and will base their decisions on methods that 
are comprehensible but perhaps too simplified. Regarding transparency, it is important that 
non-technical descriptions of the model are available, and that the model structure, inputs, 
outputs and other components that determine function are well-described. Validation encom-
pass factors such as the overall quality of the model (model structure, assumptions and input 
parameters), cross-validation to results of other models, and a subjective assessment or face 
validity [55]. Better structural reporting of model validation efforts would help to increase 
transparency on whether the model produces realistic outcomes. When different models pro-
duce conflicting outcomes, model comparison studies are useful to provide insight in how 
these differences can be explained. 

Future considerations for a vaccination programme for older adults
As previously mentioned, the Netherlands will replace TIV with QIV in the 2019/20 season, 
while the decision on vaccination with HZ/su is pending for approval from the Ministry of 
Health after a positive recommendation from the GR. In 2018, the GR recommended the 
vaccination of older adults against pneumococcal disease with PPV23 at the age of 60, 65, 
70 and 75 years [13], which will be implemented in 2020. This section discusses future con-
siderations on how to optimally protect older adults again infectious diseases using vaccines.

Improve vaccination coverage
The first step towards optimal protection of older adults is a better use of existing vaccines. 
Although elderly vaccination is not expected to significantly reduce transmission on a pop-
ulation level, the total health gain of a vaccination programme depends on the vaccination 
coverage. The coverage of the influenza vaccination programme for older adults and clinical 
risk groups in the Netherlands has gradually declined from 70% in 2008 to 51% in 2018 [56]. 
The coverage among Dutch adults aged ≥65 years was 60% in 2018, which is substantially 
lower than the coverage target of 75% recommended by the WHO and the European Council 
[57, 58]. Improving the uptake of TIV may also be more effective than a switch to an im-
proved influenza vaccine such as QIV, as shown in the annex of Chapter 8 and further dis-
cussed in Hendriks et al. [59]. The pneumococcal vaccination programme can be combined 
with the annual influenza vaccination programme to ensure a significantly high uptake rate. 
However, at current influenza vaccination programme coverage levels a significant part of 
the elderly population will remain unprotected and efforts to increase vaccination coverage 
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are needed. HZ vaccination can also be combined with influenza vaccination, but HZ/su is a 
two-dose vaccine given 2 to 6 months apart and requires an additional consultation upon the 
annually administered influenza vaccine. The administration of the second dose of HZ/su is 
important for a good and durable vaccine-induced protection, and methods to ensure good 
compliance should be considered during its implementation. Also the availability of vaccines 
needs attention. For instance, the high demand for HZ/su in the first year after its launch has 
led to a vaccine shortage [60], and an increase in manufacturing capacity is ongoing to ensure 
sustainable supply.

Vaccination of immunocompromised adults against HZ
As HZ/su is also registered for immunocompromised patients, future studies on the cost-ef-
fectiveness of HZ vaccination in different groups of immunocompromised populations are 
needed. A clinical trial in patients with an autologous stem cell transplantation, in which 
incidence of HZ is relatively highest [61], showed that vaccination with HZ/su was 68% 
effective against HZ over a median follow-up of 21 months [62]. The efficacy of HZ/su is 
currently being investigated in other immunocompromised patient groups [63].

Improved influenza vaccines
‘Improved’ influenza vaccines for older adults have either become available or are expected 
to soon become available on the European market, such as the MF-59 adjuvanted TIV (or 
adjuvanted QIV in the near future), the high-dose TIV (four times higher antigen load than 
the standard-dose TIV), the cell-based QIV (grown in mammalian cells instead of eggs), and 
the recombinant QIV (grown in insect cells instead of eggs). A recent study from the US 
estimated that adjuvanted TIV, high dose TIV and cell-based QIV could all be more effective 
than QIV, and cost-effectiveness analyses from other countries suggest that adjuvanted TIV 
and high-dose TIV are estimated to be more cost-effective than QIV [64-66]. The UK rec-
ommended vaccination with adjuvanted TIV for older adults aged ≥65 years in the 2018/19 
season [67] and added the cell-based QIV as a reimbursed vaccine option for the 2019/20 
season [68]. However, the absolute benefits of these improved vaccines are relatively small 
as compared to standard TIV, and the development of new influenza vaccines is necessary. 
Many initiatives have been started to develop a universal vaccine that provides a broad, du-
rable protection against all influenza viruses, and the first candidates are currently entering 
the clinical trial phase [69]. 

Future vaccine candidates for older adults
In the future, vaccination programmes for older adults can be optimized, and new vaccines 
may become available. Close monitoring of the vaccination programme against pneumo-
coccal disease should point out whether PPV23 is a better candidate for older adults than 
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PCV13; this depends on future trends of pneumococcal serotypes included in the vaccines 
and the effectiveness against community-acquired pneumonia which is less established for 
PPV23 as compared to PCV13. Vaccination against pertussis may be indicated once, when 
more data on the burden of pertussis in older adults become available. Rotavirus is also 
thought to cause a substantial disease burden in older adults [70], but currently available 
rotavirus vaccines are only licensed for children. If rotavirus vaccines turn out to be effec-
tive and safe in older adults, rotavirus vaccination may be a potential vaccine candidate for 
older adults as well. Several candidate vaccines against respiratory syncytial virus – a cause 
of respiratory infections in older adults potentially leading to hospitalizations or death - are 
currently in development and may become available within five years [71].

Concluding remarks
Older adults are at increased risk of complications from infections, and vaccination could 
be an important preventive measure to facilitate healthy aging. Cost-effectiveness models 
can contribute to decision making on vaccination programmes by estimating their long-term 
costs and consequences. It is important to realize that vaccination programmes for older 
adults against influenza and HZ (and also against pneumococcal disease and perhaps pertus-
sis) are expected to reduce a substantial disease burden, and can be cost-effective depending 
on the vaccine price. However, vaccination programmes for older adults are generally not 
cost-saving, and are expected to lead to an increase in the total health care expenditure. Vac-
cines for older adults often have moderate effectiveness and/or a limited duration of protec-
tion; hence, boosters are required. Decision making will benefit from a better understanding 
of the differences in disease burden and vaccine responsiveness between subgroups with 
regard to age, comorbidities, with economic analyses accounting for such heterogeneity. 
Then, the available budget can be allocated in such a way that those subgroups that benefit 
most from vaccination are targeted. Vaccination programmes for older adults should not be 
seen in isolation, as childhood vaccination programmes could affect the cost-effectiveness of 
vaccination programmes in older adults via indirect effects and vice versa. A childhood influ-
enza vaccination programme may prevent more disease burden in older adults than improved 
vaccines for older adults themselves. However, potential negative indirect effects of a vacci-
nation programme such as occasional large outbreaks or an increased susceptibility to sub-
sequent infections should be excluded. Continuous monitoring of vaccination programmes 
is important, both in the target group as well as at the population level, to determine their 
long-term effectiveness and cost-effectiveness.
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