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Abstract
Background: Each year a substantial number of Dutch elderly suffers from herpes zoster 
(HZ), caused by the reactivation of the varicella zoster virus (VZV). A potential complication 
of HZ is postherpetic neuralgia (PHN) which results in a prolonged loss of quality of life. A 
large randomized clinical trial, labelled the Shingles Prevention study (SPS), demonstrated 
that a live attenuated VZV vaccine can reduce the incidence of HZ and PHN. We aimed to 
estimate the incremental cost-effectiveness ratio (ICER) of vaccination of the elderly against 
HZ versus no such vaccination in The Netherlands.

Methods: A cohort model was developed to compare the costs and effects in a vaccinated and 
a non-vaccinated age- and gender-stratified cohort of immunocompetent elderly. Vaccination 
age was varied from 60 to 75 years. Data from published literature such as the SPS were used 
for transition probabilities. The study was performed from the societal as well as the health 
care payer’s perspective and results were expressed as euros per quality-adjusted life year 
(QALY) gained.

Results: In the base case, we estimated that the vaccination of a cohort of 100,000 60-year-
olds would prevent 4136 cases of HZ and 305 cases of PHN, resulting in a QALY-gain of 
209. From the societal perspective, a total of €1.9 million was saved and the ICER was 
€35,555 per QALY gained when a vaccine price of €87 was used. Vaccination of women re-
sulted in a lower ICER than vaccination of men (€33,258 vs. €40,984 per QALY gained). The 
vaccination age with the most favourable ICER was 70 years (€29,664 per QALY gained). 
Parameters with a major impact on the ICER were the vaccine price and HZ incidence rates. 
In addition, the model was sensitive to the utility of mild pain, the vaccine efficacy at the 
moment of uptake and the duration of protection induced by the vaccine.

Conclusion: Vaccination against HZ might be cost-effective for ages ranging from 60 to 75 
when a threshold of €50,000 per QALY gained would be used, at €20,000 per QALY this 
might not be the case. Additional information on the duration of vaccine-protection is needed 
to further optimize cost-effectiveness estimations.



57

Cost-effectiveness of live-attenuated herpes zoster vaccine in The Netherlands

1. Introduction
Herpes zoster (HZ), or shingles, is a painful disease caused by the reactivation of the varicella 
zoster virus (VZV). Virtually all the Dutch adults have been infected by VZV during their 
childhood [1]. After this primary infection, the virus stays clinically dormant in the dorsal 
root of the sensory nerve ganglia and when it reactivates the infection is labelled HZ. HZ af-
fects up to 25% of the individuals during lifetime, predominantly in old age due to a decline 
of cell-mediated immunity (CMI) against the VZV during aging [2–4]. The annual incidence 
of HZ in The Netherlands is estimated to be 3.2 cases per 1000 persons, but among elderly 
individuals older than 75 years it exceeds 7 cases per 1000 persons [1,5]. Other risk factors 
of HZ are a deficient or suppressed immune system and female gender [5–7].

Most HZ cases start with a prodromal phase, which presents with flu-like symptoms, pain 
and itching [8]. Then, a unilateral vesicular rash appears which is accompanied by neuritis, 
pain, aching and heavy itching. Although the rash heals within 3 to 4 weeks, in about 10–25% 
of the patients neuropathic pain can persist for months or even years [5,9,10]. This pain is 
referred to as postherpetic neuralgia (PHN), which is defined as pain persisting longer than 3 
months after the onset of rash [11]. PHN can have a severe impact on the quality of life due to 
a worsening of the physical condition and an increase in emotional distress [10,12–14]. The 
occurrence and severity of PHN increases with age [9,15].

CMI against VZV can be re-boosted with a live attenuated vaccine (Zostavax®, Sanofi-Pas-
teur/MSD) [16]. A large double-blind placebo-controlled clinical trial including 38,546 im-
munocompetent adults >60 years of age (Shingles Prevention study, SPS), demonstrated that 
the vaccine reduced the incidence of HZ by 51.3%, the pain burden by 61.1% and the inci-
dence of PHN by 66.5% [17]. The vaccine-efficacy was lower in the higher age-group (70+ 
years) than in the younger age-group (60–69 years). In addition, the vaccine was well-toler-
ated and side reactions were generally mild [15]. Immunocompromised patients are contra-
indicated for Zostavax, since it comprises a live attenuated virus [18].

Below, we assess the cost-effectiveness of routine vaccination of Dutch elderly against HZ 
and PHN. As age and female gender are risk factors for developing HZ, we explicitly strati-
fied the cost-effectiveness ratio by age and by gender.

2. Methods
2.1. Model design and methodological assumptions
A cohort model (Fig. 1) was constructed using Microsoft Office Excel 2010 to compare the 
cost-effectiveness of a vaccinated cohort and a non-vaccinated cohort. The cohorts were 
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hypothetical and started both with 100,000 60-, 65-, 70- or 75-year-old immune-competent 
individuals, who were free of HZ prior to the start of the vaccination and who were assumed 
to be free from HZ symptoms. These hypothetical cohort sizes approximately reflect the 
populations to be vaccinated in The Netherlands. The cohorts were followed in annual cycles 
till the 101st birthday and clinical and economic effects were subsequently compared. The 
incremental cost-effectiveness ratio (ICER) was calculated as costs per quality-adjusted life 
year (QALY) gained.

The study was conducted both from the societal perspective and the health care payer’s per-
spective. Following the Dutch guideline on pharmacoeconomic evaluations in health care, 
costs (expressed in €) were discounted at 4% annually and QALYs at 1.5% [19].

Fig. 1 illustrates that all individuals of the unvaccinated cohort start as eligible to reactivation 
of VZV and development of HZ. In line with the clinical study [15], vaccinated subjects 
were assumed to receive a single-dose vaccination and start mostly in the state ‘immune to 
HZ’, the exact proportion being determined by the vaccine’s efficacy. It is possible for the 
subjects to move back from the ‘immune state’ to the ‘eligible state’, due to waning of vac-
cine-induced immunity. Each year persons can move from ‘eligible’ to ‘HZ’ and a proportion 
of these move further to the ‘PHN’ state. We neglected recurrence of HZ in our model, since 
recurrent HZ in immune-competent persons is extremely rare [20]. Therefore, persons who 
have passed HZ or PHN end in the ‘lifetime immunity’ state. Finally, individuals can die in 
all states of the model.

2.2. Demographic and epidemiological parameters
Various parameters are presented in Table 1. Age-specific Dutch incidence rates of GP con-
sultations due to HZ were used as population HZ incidence rates for The Netherlands (count-
ing only first GP-visits) [1]. We defined PHN as pain 90 days after onset of HZ symptoms. 
The age-specific proportions of patients who developed PHN after HZ were obtained from 
Opstelten et al. [5]. However, these PHN incidence estimates were somewhat lower than 
found in other studies potentially due to the absence of mild PHN cases without consultation 

Fig. 1: Cohort model used in the analysis. HZ: Herpes zoster, PHN: Post-herpetic neuralgia.
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of a GP [5]. Therefore, we assumed that these data [5] represented only moderate and severe 
cases of PHN and we corrected these percentages upwards to also include mild PHN cases. 
The correction was done according to the pain severity split of the SPS [21].

Age and gender split was made for HZ cases according to specific HZ incidence rates from 
The Netherlands [22]. Also PHN cases were split by gender using the three-month definition 
of PHN [5]. Mortality due to HZ was not taken into account in our model. Data from the 
Dutch Bureau of Statistics (CBS; Rijswijk, The Netherlands) show that in The Netherlands 
around 20 persons annually die because of HZ [23], but it is not known whether these patients 
are immune-compromised or not. Exclusion of mortality represents a conservative approach 
in our analysis.

2.3. QALY losses
QALY losses due to HZ and PHN were calculated by multiplying utility decrements and the 
duration in the health state (Table 1). Utilities reflect the quality of life in an interval between 
zero (death) and one (perfect health). Utility values [10,13,14] and the duration of QALY 
losses [9,15,21] were derived from the literature. The utilities varied between the different 
pain states, i.e. mild, moderate, severe and no pain (see Appendix A for more detail [24,25]). 
In particular, Appendix A also provides some illustrative examples on how we calculated 
the QALYs. Equal utilities were assigned to pain caused by HZ and pain caused by PHN, 
because it was expected that pain severity does not vary between the various neuropathic 
pain conditions.

2.4. Vaccine characteristics
Vaccine parameters are shown in Table 1. Since the mean follow up time of the patients 
in the SPS was 3.11 years maximum, long-term vaccine efficacy against HZ is unknown. 
However, it has been demonstrated that after vaccination CMI against VZV declines over 
time and therefore we assumed that vaccine-mediated immunity against HZ also decreases 
over time [16]. Calculation of vaccine efficacy against HZ was derived from Pellissier et al. 
[14], the SPS trial and age-specific data on burden of illness (BoI) [26,27]. In particular, the 
initial efficacy of the vaccine (take) was derived from a formula published by Pellissier et al. 
[14] – presenting the only source for this parameter – and vaccine takes at various ages are 
listed in Table 1 (see also Appendix B). Appendix B also details how waning vaccine-induced 
immunity was exactly modelled.

The SPS trial also demonstrated an additional vaccine efficacy against the BoI, representing 
the total HZ-associated pain and discomfort according to the validated Zoster Brief Pain 
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Inventory (ZBPI) [17]. Following the adjustments on the original data as described by Roth-
berg et al., we estimated that the vaccine decreased the BoI score from 225 to 160 in the 
age-group ≥70 years, but no significant effect was seen in the age group <70 years (134–128) 
[26]. We incorporated this additional efficacy in our model by correcting the utilities of the 
‘HZ’ and ‘PHN’ states of the vaccinated group upwards with 28.9% for ages ≥70. Additional 
efficacy against PHN was applied in our model by reducing the PHN rates with 44% for ages 
≥70 years, but not for the age-group below 70 years [27]. The same waning rate as specified 
for the initial outcome was applied to this additional vaccine efficacy (see Appendix B).

Table 1: Demographic parameters, utilities and vaccine characteristics.
Base-case DSA

HZ PHN HZ PHN

Demographics

HZ incidence (per 1000 
per year)/PHN propor-
tion (3 month definition) Melker et al. [1]

Opstelten et al.  
2002 [5]

Opstelten et al. [5] 
/ Gauthier et al. [9] Gauthier et al. [9]

Age 60–64 y 6.58 4.7% 5.8/4.90 11%

Age 65–69 y 6.45 5.3% 6.5/5.96 13%

Age 70–74 y 7.45 5.3% 6.5/6.34 15%

Age 75–79 y 7.20 11.1% 9.1/7.09 18%

Age 80–84 y 7.75 11.1% 9.1/7.29 21%

Age 85+ y 8.35 11.1% 9.1/6.22 19%

Mean duration SPS [15]
SPS [15]; Moore 
et al. [21] Gauthier et al. [9]

Age 60–69 y 24 days 10.3 months 10.9 months

Age 70+ y 24 days 12.9 months 11.0 months

Gender split (% female) Opstelten et al. [22] Opstelten et al. [5]

Age 60–65 y 66.4% 55.7%

Age 70–75 y 53.2% 55.7%

Age 75+ 52.3% 55.7%

Pain severity split at 
diagnosis

SPS [15]; Moore et 
al. [21] Gauthier et al. [9]

Age 60–69 y

No pain 27% – 65% –

Mild pain 41% 42% 24% 47%

Moderate pain 18% 9% 4% 42%

Severe pain 14% 49% 8% 11%

Age 70+ y

No pain 26% – 45% –

Mild pain 32% 17% 41% 34%

Moderate pain 23% 16% 5% 54%

Severe pain 19% 67% 9% 12%
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Table 1: Demographic parameters, utilities and vaccine characteristics (continued).
Base-case DSA

HZ PHN HZ PHN

Utilities Oster et al. [10]
Pellissier et al. [14] 
/ Bala et al. [13]

No pain 1.00 – 0.864/1.00 –

Mild pain 0.69 0.69 0.77/0.73 0.77/0.73

Moderate pain 0.58 0.58 0.68/0.60 0.68/0.60

Severe pain 0.25 0.25 0.55/0.47 0.55/0.47

Vaccine characteristics

Efficacy; total % reduc-
tion in cases at take Pellissier et al. [14]

Age 60 y 69.4%

Age 65 y 62.7%

Age 70 y 53.3%

Age 75 y 41.2%

Additional vaccine ef-
ficacy

BoI (reduction)
SPS [15]; Rothberg 
et al. [26]

Age 60–69 y –

Age 70+ y 28.9% 28.9%

PHN proportion (re-
duction) Brisson et al. [27]

Age 60–69 y –

Age 70+ y 44.0%
DSA: Deterministic sensitivity analysis, HZ: Herpes zoster, PHN: Post-herpetic neuralgia, SPS: Shingles preven-

tion study, y: years

2.5. Costs
An overview of the costs used in the model is shown in Table 2. All costs are presented in 
2010 € and unit costs from previous years were corrected using the inflation rates of the 
CBS. The analysis included direct medical costs and indirect costs of production losses. 
Direct medical costs consisted of costs due to GP visits, hospitalisation costs, drug costs and 
pharmacy dispensing fees [19]. In the absence of specific Dutch data, we assumed that HZ 
leads to 1.4 GP-visits per case and PHN to 1.2 GP-visits per month according to UK data [9]. 
Given the above assumption that in cases of mild PHN the GP is not consulted, GP visits were 
only counted for moderate and severe cases of PHN. Age-specific data of hospital admissions 
due to HZ and the mean duration of hospitalisation were extracted from De Melker et al. [1]. 
Given the discussion on hospitalisation due to PHN [28], we did not implement hospitalisa-
tion costs due to PHN in the model.
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Table 2: Overview of costs (2010 €).
Base-case Reference

HZ Non-differentiated PHN

Direct costs

GP visits 1.4 per case 1.2 per month Gauthier et al. [9]

Costs per GP visit €28.36 CVZ [19]

Hospitalisation rate per 
case (%)/length of hospi-
tal stay (days)

De Melker et al. [1]

   Age 60–64 y 0.7%/9.5 –

   Age 65–69 y 0.9%/9.6 –

   Age 70–74 y 1.1%/14.4 –

   Age 75–79 y 1.9%/15.0 –

   Age 80–84 y 2.4%/19.2 –

   Age 85+ y 2.3%/18.0 –

Costs per hospitalisation 
day

€462.81 CVZ [19]

Drug costs €39.90 per case €27.09 per 
month

Gauthier et al. [9]/
CVZ [30]

Indirect costs

Days of work 10.1 35 Scott et al. [31]/
Hornberger et al. 
[32]/Assumption

Cost per work day lost CVZ [19]/CBS 
[23]

   Male

      Age 60–64 y €113.22

      Age 65–69 y €20.42

      Age 70–74 y €7.03

   Female

      Age 60–64 y €32.22

      Age 65–69 y €2.44

Vaccination costs

   Vaccine €87.00 CDC [33]

   Administration cost €6.45 Van Lier et al. [34]

GP: General practitioner, HZ: Herpes zoster, PHN: Postherpetic neuralgia
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Drug costs of HZ cases consisted of the prescription of antiviral medication and analgesics. 
In The Netherlands, approximately 34% patients with HZ older than 55 years receive antivi-
ral medication [29]. UK prescription data were used for analgesics [9,30]. Rates were mul-
tiplied by Dutch drug prices, resulting in total costs of €39.90 per HZ case [30]. Drug costs 
due to PHN were estimated at €27.09 per month following UK prescription rates multiplied 
by the Dutch drug prices [30]. According to the Dutch guidelines, production losses were 
calculated according to the friction cost method using published data [31,32] (Appendix C).

The Zostavax price in the private sector is listed at €137.33 (single dose, 2010) [30], but a 
price reduction may occur when bulk quantities are bought within the context of a vaccina-
tion programme. In the absence of Dutch data, we used the American CDC contract price 
of $113.28 for this purpose (approximately €87) [33] as the base-case vaccine price and 
assumed €6.45 administration costs as estimated by Van Lier et al. [34].

2.6. Sensitivity and scenario analyses
To explore the impact of several parameters, including cost, utility and vaccine parameters, 
a univariate sensitivity analysis was performed. For that purpose, the value of one parameter 
was varied by ±25%, while keeping the other variables constant at base-case values. Several 
additional scenarios were considered to assess the influence of different model assumptions 
[35] (Appendix D).

3. Results
3.1. Cost-effectiveness
The results of vaccinating a cohort of 100,000 persons stratified by vaccination age are 
shown in Table 3. The cost-effectiveness of vaccinating at the age of 60 years was estimated 
at €35,555 per QALY gained, preventing 4136 HZ cases and 305 PHN cases in the cohort 
analyzed. This results in a reduction of 6562 GP visits, 40 hospitalisations and a total (dis-
counted) QALY gain of 209. In addition to the health gains, a cost reduction of about €0.55 
million direct costs and €1.35 million indirect costs was estimated. Varying the vaccination 
age showed that vaccinating at an age of 70 years was most favourable (ICER: €29,664 per 
QALY gained). Most HZ cases were prevented at the lowest vaccination age of 60 years in 
contrast to PHN cases which are optimally prevented at an age of 75. Indirect costs counted 
for approximately 70% of total costs saved at an age of 60 years, but rapidly decreased above 
an age of 65 years. 
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Table 3: Results of vaccinating a cohort of 100,000 persons against HZ at different vaccination ages. 

Costs were discounted 4.0% per annum and QALYs 1.5% per annum.
Vaccination age 60 years 65 years 70 years 75 years

No vaccination

Cases HZ 15,483 13,222 11,134 8762

Cases PHN 1176 1104 1033 974

GP visits 21,676 18,511 15,587 12,267

Hospitalisations 221 214 205 191

Total QALYs lost 683 662 648 599

Total direct costs (€) 2,014,188 2,114,356 2,262,961 2,279,011

Total indirect costs (€) 2,420,242 470,209 128,723 0

Vaccination

Cases HZ 11,347 9591 8118 6698

Cases PHN 871 757 637 558

GP visits 15,886 13,428 11,365 9378

Hospitalisations 181 168 157 148

Total QALYs lost 474 420 358 309

Total direct costs (€) 1,467,573 1,508,755 1,563,751 1,595,411

Total indirect costs (€) 1,069,264 234,322 65,978 0

Vaccine costs (€) 9,345,000 9,345,000 9,345,000 9,345,000

Prevented/saved

Cases HZ 4136 3631 3016 2064

Cases PHN 305 347 396 416

GP visits 5790 5083 4222 2889

Hospitalisations 40 45 47 43

Total QALYs lost 209 242 289 290

Total direct costs (€) 546,615 605,601 699,210 683,600

Total indirect costs (€) 1,350,978 235,887 62,745 0

Vaccine costs (€) 9,345,000 9,345,000 9,345,000 9,345,000

ICER (QALY gained) (€) 35,555 35,146 29,664 29,897
GP: General practitioner, HZ: Herpes zoster, ICER: Incremental cost-effectiveness ratio, PHN: Postherpetic neu-

ralgia, QALY: Quality-adjusted life year

3.2. Sensitivity and scenario analyses
Table 4 shows how the ICER varies when different scenarios were explored. Stratifying the 
results by gender showed that vaccinating women was more cost-effective at all vaccination 
ages compared to vaccination of men (Table 4). When UK HZ incidence rates from Gauthier 
et al. [9] were used, the ICER increased compared to base-case. Exploration of PHN propor-
tions from Gauthier et al. [9] resulted in an almost 50% reduction of the ICER.
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Table 4: Results of the scenario analyses.
ICER

Scenario (vaccination age) 60 years 65 years 70 years 75 years

Base-case (€) 35,555 35,146 29,664 29,897

Gender

Men (€) 40,984 39,879 31,706 32,206

Women (€) 33,258 34,105 28,010 28,326

Incidence

HZ incidence lowered by 5% (€) 37,574 36,934 31,218 31,497

HZ incidence Opstelten et al. [1] (€) 36,028 33,171 27,370 24,644

HZ incidence Gauthier et al. [9] (€) 42,468 38,537 32,819 32,133

Proportion PHN Gauthier et al. [9] (€) 19,584 19,465 16,345 18,818

Pain severity split Gauthier et al. [9] (€) 46,699 44,343 36,098 35,127

Vaccine efficacy

Duration vaccine protection 3.1 years (SPS follow up) 
(€) 168,787 153,210 86,217 65,763

Duration vaccine protection 7,5 years (Van Lier et al. 
[34]) (€) 59,361 53,830 40,140 37,154

Duration vaccine protection 15 years (Najafzadeh et 
al. [35]) 29,084 29,979 26,152 27,603

Lifelong vaccine protection (€) 11,662 15,096 16,303 19,575

No additional efficacy against PHN (€) 40,211 41,491 36,692 37,815

No additional efficacy against BoI (€) 40,250 41,611 36,990 39,350

QALY-losses

Utilities Pellissier et al. [14] (€) 47,660 47,766 40,854 41,543

Utilities Bala et al. [13] (€) 42,419 41,970 35,466 35,697

Mean duration PHN Gauthier et al. [9] (€) 37,008 37,800 33,112 33,732

Costs

No indirect costs (€) 42,004 36,121 29,881 29,897

Productivity elasticity of 100% 33,942 34,903 29,610 29,897

Vaccine price €77 (Van Lier et al. [34]) (€) 30,781 31,013 26,208 26,445

Vaccine price €137,33 (Dutch retail price) (€) 59,583 55,949 47,059 47,269

Discounting

No discounting (€) 29,111 29,735 26,104 27,212

Equal discounting at 3.5% (€) 42,567 41,582 33,727 32,943

Equal discounting at 4.0% (€) 44,626 43,410 34,866 33,781
BoI: Burden of illness, ICER: Incremental cost-effectiveness ratio, PHN: Postherpetic neuralgia, QALY: Quali-

ty-adjusted life year, SPS: Shingles preventions study
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When the follow-up period of the SPS (3.1 years) was taken as the vaccine efficacy dura-
tion, the base-case ICER more than doubled. In contrast, a lifelong duration of protection 
halved the base-case ICER resulting in an optimal scenario, particularly for vaccination of 
60-year-olds, since this age group potentially benefits longest. Leaving out the additional 
protection of vaccination against PHN or BoI resulted in an increase of the ICER, especial-
ly when the vaccination age was ≥70 years. When utilities of Pellissier et al. [14] or Bala et 
al. [13] were used, the ICERs increased due to the higher estimated quality of lives for the 
different pain states. Exclusion of indirect costs led to an increase of the ICER, especially at 
a vaccination age of 60, since most Dutch people retire at the age of 65. 

Fig. 2 shows the univariate sensitivity analysis at a vaccination age of 60 years. The most 
influential parameters were vaccine price and the incidence ratios of HZ, but also vaccine 
efficacy at the vaccine uptake, the duration of protection and the QALY weight of mild pain 
changed the ICER more than 15% when varied ±25%.

 

Fig. 2: Univariate sensitivity analysis of the cost-effectiveness of HZ vaccination at vaccination age 
of 60. The stated parameters were varied 25% upwards (dark grey) and downwards (light grey) while 
keeping the rest of the parameters constant at base-case values.

4. Discussion
This analysis indicates that HZ vaccination could be cost-effective for Dutch elderly. In The 
Netherlands a cut-off point for favourable cost-effectiveness of vaccination interventions 
has been suggested at €50,000 per QALY [36]. Our model estimated that the ICER of HZ 
vaccination in the base-case scenario ranged from €29,664 to €35,555 per QALY gained at 
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vaccination ages ranging from 60 to 75 years. At a more conservative threshold of €20,000 
per QALY – that has also been suggested for vaccination programmes in The Netherlands 
[34] – HZ vaccination might just not be considered cost-effective. Regarding the optimum 
age of vaccination, the lowest ICER is achieved when people are vaccinated at the age of 70 
years. Stratification by gender shows that vaccination is more cost-effective for women as 
compared with men, due to higher HZ incidence rates among women.

We combined data from a large, randomized controlled trial with Dutch epidemiologic data 
and costs. When Dutch parameters were lacking, we applied data from foreign studies in our 
model. Notably, our model was consistently age- and sex-specific to enhance its validity. 
Conservatively, we excluded possible HZ complications other than PHN, e.g. HZ in the eye 
(zoster ophthalmicus) and ear regions (zoster oticus), potentially leading to visual and hear-
ing problems, respectively. In addition, we have not modelled the possibilities of recurrence 
of HZ or dying through HZ, since these events are rare, again illustrating the conservative 
approach that we generally followed [20,23].

Univariate sensitivity analyses showed which parameters have a major impact on the ICER. 
Among these parameters there are some to which the model is very sensitive and which are 
also associated with uncertainty, because their values had to be based on assumptions in the 
literature. Given the various uncertainties in the model and the lack of information to base 
distributions upon, we decided not to perform a formal probabilistic sensitivity analysis, but 
rather conduct an extensive scenario analysis. Also, the complexity of a probabilistic analysis 
is well known and we feel in this case it might hamper adequate interpretation of its results 
by the readers.

Since the vaccine long-term duration of vaccine-induced protection was unknown due to 
the short mean follow-up time of 3.11 years of the SPS, we had to estimate the duration of 
protection. Because recurrence of HZ is very rare, a boost of CMI by HZ reactivation might 
result in subsequent lifelong protection against HZ. Therefore, a boost by vaccination might 
also result in a lifelong protection. However, a study of Levin et al. [16] demonstrated that 
6 years after receiving HZ vaccination still a significant increase of VZV specific CMI was 
observed in patients as compared with before vaccination, but the CMI diminished with an 
estimated half-life of 56 months. Therefore, we considered a waning effect of vaccine-in-
duced immunity in our model. Pellissier et al. [14] estimated a waning rate between 0% and 
8.3% per year from the SPS-data. We used a waning rate of 8.3% for the base-case.

The SPS reported efficacy against BoI and PHN incidences for the entire population [15]. 
Since we determined the number of PHN cases as a proportion of the number of HZ cas-
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es, using the efficacy rates of PHN directly from the SPS would lead to double counting. 
Therefore, we used only an additional vaccine efficacy against PHN or a reduction of BoI in 
patients aged ≥70 years as presented in previous studies [26,27]. This explains that our sce-
nario analyses, without additional efficacy for PHN or BoI, showed that the ICERs increase 
especially for a vaccination age of 70 or 75 years.

The results were also sensitive to the utility of mild pain, because the patients diagnosed with 
mild pain stayed the whole PHN period in this pain state and also patients with moderate or 
severe pain stayed partly in this state. We used utility weights from Oster et al. [10] in the 
base-case. Comparable utilities for different pain states were found in patients suffering neu-
ropathic pain by McDermott et al. [37] and by Van Hoek et al. [38]. In contrast, Bala et al. 
[13] and Pellissier et al. [14] estimated utility weights which differed from those of Oster et 
al. [10]. When these utility weights were explored in scenario analyses, the ICER increased, 
because especially the utility weight for severe pain was higher as compared with Oster et 
al. [10]. Also, various methods were used to measure utilities, including EQ-5D and standard 
gamble, theoretically hampering straightforward comparison of those utilities. However, we 
felt that some level of comparison would still be valid. Finally, we note that certain defini-
tions of PHN only consider severe and moderate pain, whereas we assumed that some pa-
tients may continue to experience mild pain with corresponding utility decrements. The latter 
can be substantiated with data from Oster et al. [10].

The pain-split was derived from the SPS, in which the ZPBI was used to diagnose the pain 
state. The SPS showed that more than half of the PHN patients experience severe pain. How-
ever, other studies suggested that a much lower proportion of patients experience severe 
pain [9,25]. We decided to use the SPS-data, since it used the validated Zoster Brief Pain 
Inventory (ZBPI) questionnaire. When the pain severity split of Gauthier et al. was used, the 
ICERs increased [9]. Possibly, a relation exists between the severity of pain in the HZ- and 
PHN-stages on the patient-level. However, as linked data on this phenomenon are lacking, 
we had no basis to include this in our model.

Recently, Van Lier et al. published a health-economic evaluation of vaccination against HZ 
of the elderly in The Netherlands [34]. Compared with our evaluation, Van Lier et al. used a 
different QALY assessment by distinguishing four states of pain, i.e. no pain, mild pain and 
‘clinically relevant pain’ which includes moderate and severe pain [34]. Although results 
are difficult to compare due to a different QALY-loss assessment, we explored a scenario as 
equal as possible to that of Van Lier et al. at a vaccination age of 60 years. In this scenario 
we found an ICER of €38,709 per QALY gained, which was comparable with the ICER 
determined by Van Lier et al. (€38,519 per QALY gained) [34]. This confirmed the validity 
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of our model. Improvements of our analysis as compared with that of Van Lier et al. are that 
we used costs of GP consultations, hospitalisation days and production losses from a recently 
published Dutch guidance of costing research [19]. Moreover, we used updated labour partic-
ipation rates from the CBS and included production losses of patients aged ≥65. Finally, we 
added a gender-specific analysis as the female gender is a risk-factor of HZ. 

Previous studies also found an optimal HZ vaccination age of [26,34,37]. However, there 
are other studies demonstrating an optimum vaccination age of 60 years, but this difference 
could be easily explained since these studies assumed no waning of vaccine-induced immu-
nity in the base-case scenario [14,21].

5. Conclusions
Our analysis shows that vaccination of Dutch elderly against HZ might be cost-effective for 
all vaccination ages ≥60 years, when a vaccine price of €93.45 including administration fees, 
a duration of protection of 12 years and a threshold of €50,000 per QALY were used. At a 
threshold of €20,000 per QALY gained, vaccination against HZ is likely to be not cost-effec-
tive. Vaccination of women is more cost-effective than vaccination of men and the optimal 
vaccination age is 70 years from a pure cost-effectiveness point of view. More informa-
tion about the duration of vaccine-induced protection is needed to accurately determine the 
cost-effectiveness of zoster vaccination in older adults.
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