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Abstract

Background

Adjuvanted herpes zoster (HZ) subunit (HZ/su) vaccine is recommended for healthy adults

aged�50 years, yet vaccine efficacy is expected to wane over time. Age-sex specific cost-

effectiveness analyses of HZ/su vaccine are warranted to inform decision-making on vac-

cine policy. We aimed to determine the optimal gender-specific age for cost-effective HZ/su

vaccination in Hong Kong.

Methods

A Markov model was used to compare outcomes with and without HZ/su in healthy males

and females at age 50–80 years. Model outcome measures were total cost, HZ cases, and

HZ-associated quality-adjusted life-years (QALYs) loss. Incremental cost per QALY saved

(ICER) by HZ/su was estimated for each age-sex group. Sensitivity analyses were per-

formed to examine robustness of model results.

Results

HZ/su reduced incidence of HZ in both males and females aged 50–80 years and the num-

bers needed to vaccinate to avoid one HZ case were lowest at age 60 years for males (6.05)

and females (5.50). The highest QALY-saved occurred in females (0.00396 QALYs) and

males (0.00379 QALYs) who were vaccinated at 60 years old. The ICERs were lowest at

age 60–70 years for both genders. Using 1× gross domestic product per capita of Hong

Kong (USD46,153) as willingness-to-pay threshold, HZ/su vaccine was accepted to be

cost-effective for all female and male age groups at vaccine cost = USD160, for female

aged 50–79 years and male aged 54–74 years at vaccine cost = USD200, and for female

aged 59–71 years at vaccine cost = USD240.
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Conclusions

HZ/su vaccine is more likely to be cost-effective for males and females aged between 60–

70 years than the extreme age groups (less than 60 years and older than 70 years) in Hong

Kong. The age range for cost-effective acceptance of HZ/su vaccine appears to be broader

in females than males given the same vaccine cost and willingness-to-pay threshold.

Background

Herpes zoster (HZ), also known as shingles, is the reactivation of varicella zoster virus (VZV)

infection. Primary VZV infection is commonly acquired in early stage of life and presented as

chickenpox. The prominent symptoms of HZ are rash, pain and formation of vesicles on the

affected dermatome. The most common complication of HZ is postherpetic neuralgia (PHN),

occurring in 25% of HZ cases after resolution of pain and vesicles. The incidence of HZ in Tai-

wan Chinese rises sharply after the age of 50 years [1]. Both age and female gender are well-rec-

ognized risk factors for HZ [2]. The risk and duration of PHN increase with age [3,4]. Burden

of disease study in Taiwan reported that the lifetime risk of developing HZ was over 30% in

the Chinese population, and HZ-associated hospitalization rate also increased with age [1].

U.S. Food and Drug Administration (FDA) approved a live-attenuated zoster vaccine

(ZVL) for 60 years and older individuals in 2006 and changed labelling to include those 50

years and older in 2011. ZVL reduced HZ cases in randomized clinical trials, yet further analy-

sis showed that the vaccine efficacy (VE) in elderly (70 years or older) was significantly lower

than the VE in the older adults (50–59 years) [5,6]. Adjuvanted HZ subunit vaccine (HZ/su), a

2-dose vaccine, was approved in 2017 by the U.S. FDA. The Advisory Committee on Immuni-

zation Practices (ACIP) of the Centers for Disease Control and Prevention (CDC) recom-

mended HZ/su as the preferred vaccine against zoster for healthy adults aged 50 years and

older as well as for adults who previously received ZVL [7]. Clinical findings showed the VE of

HZ/su for adults aged 50 years and older to be over 95% [8]. Age-stratified analysis found the

age-specific VEs to be higher than 90% across age groups from 50 to 80 years [8,9].

We previously developed a lifelong Markov model on HZ for Chinese subjects aged 50

years old, and found deferring HZ/su by 10 years was likely to be the preferred cost-effective

strategy for a 50-year-old adult in Hong Kong [10]. The adult vaccination program subsidized

by the Hong Kong government currently does not include vaccination against zoster. To fur-

ther inform decision-making on vaccine policy, gender- and age-specific cost-effectiveness

analyses of HZ/su vaccine are still warranted. This study therefore aimed to determine the

optimal gender-specific age for the cost-effective vaccination with HZ/su from the societal per-

spective of Hong Kong.

Methods

Model design

A Markov decision analytic model on HZ, previously designed by our team [10], was adopted

and further expanded to examine the life-long outcomes of each yearly age group from 50

years to 80 years for males and females separately (31 cohorts aged 50–80 years for each gen-

der; total 62 cohorts). Costs and clinical outcomes, with HZ/su versus no vaccination, were

compared for healthy males and females at age 50–80 years (Fig 1). All hypothetical subjects

entered the model at the status of “healthy”. The subjects proceeded through health statuses
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according to probability inputs of the model in each monthly cycle. The health statuses

included: Healthy, HZ, PHN, HZ recovered, recurrent HZ and death. PHN was defined as

HZ-associated pain that was rated as�3 (on a scale from 0–10) persisting more than 90 days

after the onset of HZ rash [5]. The outcomes of the subjects were simulated from the entry of

model until the age reached 100 years or death, whichever occurred first. Model outcome mea-

sures were total cost, HZ cases, and HZ-associated quality-adjusted life-years (QALYs) loss.

A subject might survive or die of all causes in each cycle. With or without vaccination, a

subject who survived in each cycle might develop HZ, and the HZ patient might receive outpa-

tient care or become hospitalized. HZ patients who were hospitalized might develop HZ-

related complications (central nervous system infection, ophthalmicus, oticus, skin and soft

tissue infection, HZ dissemination). Patients who survived HZ might further develop PHN

with various duration of pain. After the HZ episode (and PHN, if present) had resolved, the

individual was assumed to be at risk for one episode of recurrent HZ.

Model inputs

The retrieval of model inputs was described in our prior study [10]. In brief, clinical inputs

were retrieved from published reports written in English on the incidence of HZ, PHN, HZ-

related complication and mortality. Epidemiology or disease burden studies of HZ in Chinese

population were preferred sources for baseline risk of HZ and PHN. Randomized controlled

trial was the preferred type of study on HZ/su. Recurrent of HZ was not included in our prior

Fig 1. Markov diagram of herpes zoster.

https://doi.org/10.1371/journal.pone.0210005.g001
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HZ model, and we had incorporated HZ recurrence and subsequent HZ-related events in the

present model. The recurrence rate of HZ in long term was reported in a retrospective obser-

vational study of 1,669 patients with history of HZ over an average follow-up period of 7.3

years. The findings suggested that incidences of HZ recurrence and first-episode HZ were sim-

ilar [11]. The risk of one-time HZ recurrence therefore adopted the age-sex specific annual

incidence of HZ. The full list of model inputs is available in supporting information (S1

Table).

The QALY loss for HZ/su-associated adverse event, HZ, PHN, or HZ-related death was cal-

culated using the time spent in each health status, the corresponding disutility, and age-sex

specific utility value for usual health. The QALY loss of HZ-associated death was projected

using the age at death, life expectancy from lifetable, and age-sex specific utility value. The

QALY loss for all events were discounted annually by 3%.

Direct and indirect costs were included in the cost analysis, conducted from the societal

perspective of Hong Kong. Direct medical costs were costs of treatment for HZ, HZ complica-

tions and PHN in Hong Kong. The cost items included medications, laboratory tests, hospitali-

zation, and outpatient clinic visits, and the calculation of costs was described previously [10].

HZ/su is not yet available in Hong Kong. Three levels of vaccine cost for the 2-dose HZ/su

were examined by base-case analysis in reference to the vaccine cost of ZVL in Hong Kong: 1-,

1.25- and 1.5-fold of ZVL cost (USD160, USD200 and USD240, respectively;

USD1 = HKD7.8). The treatment cost for injection site reaction included costs of over-the-

counter analgesic and antipyretics. Indirect costs of HZ and related events were estimated by

the friction cost approach using age- and sex-specific labor force participation rates, unem-

ployment rates and median monthly incomes. Patient-time used to seek inpatient or outpa-

tient care was applied as friction period of the corresponding event. All costs were discounted

annually by 3%.

Cost-effectiveness analysis and sensitivity analyses

Incidence of HZ, QALY loss and costs were calculated with and without vaccination in base-

case analysis for males and females over age 50–80 years at three levels of vaccine cost. The

incremental cost-effectiveness ratio (ICER) of HZ/su was calculated by using the equation:

(Total costvaccine−Total costno vaccine)/(QALY lossno vaccine−QALYloss vaccine). The World Health

Organization (WHO) recommended that ICER less than 1× gross domestic product (GDP)

per capita to be highly cost-effective [12]. The GDP per capita of Hong Kong was USD46,153

in 2017 [13], and it was adopted as the threshold of willingness-to-pay (WTP). The ICER less

than USD46,153 (1× GDP per capita) were accepted as cost-effective in the present analysis.

Sensitivity analyses were performed by one-way sensitivity analysis and probabilistic sensi-

tivity analysis (using Monte Carlo simulation). The probability of HZ/su vaccination to be

accepted as cost-effective was determined over a range of WTP from 0–100,000 USD/QALY in

the acceptability curves. Cost-effectiveness and sensitivity analyses were conducted by TreeAge

Pro 2009 (TreeAge Software, Inc., Williamstown, MA, USA) and Microsoft Excel 2010 (Micro-

soft Corporation, Redmond, WA, USA).

Results

Model validation

The predictive validity of model was examined by comparing the life-long HZ incidence of

50-year-old male and female in no vaccination group with lifetime risk of developing HZ in

Chinese population. The non-gender specific lifetime risk of one occurrence of HZ in Taiwan

Chinese was reported to be 32.2% [1]. Using zero as input for probability of HZ recurrence
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and 52.6% as proportion of female gender in 50-year-old Hong Kong population [14], the

expected life-long incidence of 50-year-old populated was 30.0%. The relative difference

between expected lifetime HZ incidence and reported incidence was less than 7%.

Base-case analysis

HZ/su reduced incidence of HZ in both genders at age 50–80 years. The numbers needed to

vaccinate to avoid one HZ case were lowest at age 60 years in males (6.05) and females (5.50)

in the base-case analysis (Fig 2A and 2B). The cases of HZ avoided by HZ/su vaccine were

higher in females than males for all age groups.

The QALY loss in the HZ/su and no vaccine arms at age 50–80 years for males and females

were shown in Fig 3A and 3B. The QALYs saved by HZ/su was higher in females than males

of all age groups. The highest QALY-saved occurred in females (0.00396 QALYs) and males

(0.00379 QALYs) who were vaccinated at 60 years old. The age-sex specific ICERs of HZ/su at

each vaccine cost were lowest at age 60–70 years (Fig 4A and 4B). At vaccine cost of USD160,

HZ/su was accepted as cost-effective for males and females aged 50–80 years. At vaccine cost

of USD200, HZ/su was cost-effective in females aged 50–79 years and males aged 54–74 years.

At vaccine cost of USD240, HZ/su was cost-effective only in females aged 59–71 years.

Sensitivity analysis

Using vaccine cost USD200 and 60-year-old as base-case inputs, one-way sensitivity analysis

on all model inputs for each gender group was performed and two influential factors were

identified. Age was an influential factor in both gender groups and vaccine cost was an influen-

tial in the male group. In the male group, the ICER of HZ/su remained below the WTP thresh-

old if the subject received HZ/su vaccine at age 54–74 years, or if the vaccine cost was less than

USD236. In the female group, the ICER of HZ/su was less than the WTP threshold if the sub-

ject received HZ/su vaccine at age�79 years.

The probabilistic sensitivity analysis was performed by 10,000 Monte Carlo simulations at

vaccine cost of USD200 for four age groups (50 years, 60 years, 70 years and 80 years) of the

two genders. The QALYs saved in females who were vaccinated at age 50 years, 60 years, 70

years and 80 years were 0.00342 (95%CI 0.00341–0.00343), 0.00409 (95%CI 0.00408–0.00410),

0.00408 (95%CI 0.00408–0.00409) and 0.00352 (95%CI 0.00351–0.00353), respectively. The

incremental cost was highest in females aged 80 years (USD138.4; 95%CI 138.1–138.6), fol-

lowed by 50 years (USD127.0; 95%CI 126.6–127.4), 70 years (USD119.0; 95%CI 118.7–119.4)

and 60 years (USD117.8; 95%CI 117.4–118.2). Using 1× GDP per capita as WTP threshold,

percentages of simulations with ICER less than WTP were 85.5% in 50 years, 99.7% in 60

years, 99.7% in 70 years and 77.0% in 80 years in the female group.

In the male group, QALYs saved in subjects who were vaccinated at age 50 years, 60 years,

70 years and 80 years were 0.00300 (95%CI 0.00299–0.00301), 0.00389 (95%CI 0.00388–

0.00390), 0.00368 (95%CI 0.00367–0.00369) and 0.00294 (95%CI 0.00293–0.00294), corre-

spondingly. The incremental cost was highest in males aged 80 years (USD150.4; 95%CI

150.2–150.6), followed by 50 years (USD132.1; 95%CI 131.8–132.4), 70 years (USD127.4; 95%

CI 127.1–127.7) and 60 years (USD122.0; 95%CI 121.7–122.4). The percentages of simulations

with ICER less than 1× GDP per capita were 57.9% in 50 years, 98.6% in 60 years, 95.6% in 70

years and 26.5% in 80 years.

The probabilities of HZ/su vaccination to be accepted as cost-effective in each age-gender

group were showed in the acceptability curves over a wide range of WTP (0-USD100,000

USD/QALY) (Fig 5).
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Discussion

The HZ/su vaccine saved QALYs for all age-sex groups at higher cost, and the vaccine gained

the highest QALYs in age 60-year for both gender groups. Comparing between male and

female groups, higher QALY-saving and lower additional cost were consistently found in

female groups aged 50–80 years. The base-case analysis found the acceptance of HZ/su vaccine

to be cost-effective subject to the vaccine cost, gender and age. The sensitivity analysis results

further supported the robustness of base-case findings. Of 10,000 Monte Carlo simulations for

different age-sex groups, the probability of the HZ/su vaccine ICER to be<1× GDP per capita

Fig 2. Change of HZ incidence with HZ/su and no vaccine and number needed to vaccinate against vaccination

age in Chinese (a) males and (b) females.

https://doi.org/10.1371/journal.pone.0210005.g002
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exceeded 90% in females and males aged 60 years and 70 years. The acceptability curves over a

wide-range of WTP showed that the 60-year and 70-year groups are more likely to be accepted

as cost-effective than the 50-year or 80-year groups at WTP below 80,000 USD/QALY.

A cost-effectiveness analysis of HZ/su at age 60 years, 70 years and 80 years (versus no vac-

cine) in the United States reported that the ICERs of older groups (70 years and 80 years) were

lower than the ICER of younger age group (60 years), and the HZ/su vaccine was more likely

to be cost-effective in older population [15]. Similarly, the present study found the ICERs of

HZ/su vaccine in older age (60 years and 70 years) groups of both genders were lower than the

50-year groups. Different to the US findings, our results showed the ICER of HZ/su vaccine in

Fig 3. Change of QALY loss with HZ/su and no vaccine against vaccination age in (a) males and (b) females.

https://doi.org/10.1371/journal.pone.0210005.g003

Optimal gender-specific age for HZ vaccination

PLOS ONE | https://doi.org/10.1371/journal.pone.0210005 January 4, 2019 7 / 11

https://doi.org/10.1371/journal.pone.0210005.g003
https://doi.org/10.1371/journal.pone.0210005


80-years group to be the highest. In the US study, the model inputs of HZ incidence were high-

est for the age groups�80 years. The model inputs of HZ incidence in Chinese population

were highest at age 60–69 years and 70–79 years. In addition to the difference in age-specific

HZ incidence, the US study allowed the hypothetical subject to reach a maximum age of 120

years, and the present model ended when the subject reached 100 years. With higher HZ inci-

dence for advanced age and longer model time horizon, the US cost-effectiveness model there-

fore generated higher number of HZ cases avoided, resulting in higher QALYs gained and

lower ICER at advanced age.

Fig 4. Change of incremental cost-effectiveness ratio (ICER) of HZ/su against vaccination age at three vaccine

costs in (a) males and (b) females.

https://doi.org/10.1371/journal.pone.0210005.g004
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A model-based analytical study in the US recently reported that the most cost-effective age

groups to receive HZ/su were 66–77 years for females and 66–74 years for males at vaccine

cost (including administration) of USD205 [16]. Our results were similar to the US findings

that the age groups 60–70 years had the lowest ICERs in both genders, and females had a

wider range of optimal age to be vaccinated than males at the same vaccine cost in Hong

Kong.

Hong Kong is a city of China and the Chinese population in Hong Kong have life-expec-

tancy beyond 80 years for men and women. Over 50% of the seven million Hong Kong popu-

lation were females and the age of 40% of the entire population were 50 years or above [14].

With increasing size of aging population and higher proportion of female-gender, the disease

burden of HZ in Hong Kong is expected to rise. Exposure to varicella boosts immunity to HZ,

and vaccination against varicella in children might increase the HZ incidence in adults due to

the reduced exogenous boosting effect from children shedding VZV in the community [17].

Universal varicella vaccination was recommended in the US for children in May 1995, and

both the charges and population-adjusted rates of HZ-related hospital discharges had

increased significantly by 2004 [18]. The 2014 implementation of universal varicella vaccina-

tion for children in Hong Kong might possibly increase the HZ incidence. On the other hand,

the vaccination program is anticipated to be costly if HZ/su is offered across population aged

50 years and above. The current dilemma for public healthcare providers and the government

to decide is how to use the HZ/su vaccine cost-effectively, balancing the at-risk gender and age

groups, persistence of vaccine efficacy, cost of vaccination and cost savings from prevented

cases. Our findings provided important information to clinicians and the government on the

decision-making process of zoster vaccine policy to maximize cost-effectiveness of the vaccina-

tion program in Hong Kong.

There are a number of limitations in the present analysis. The model simplified real-life

events of HZ. Long-term disabilities such as deafness from oticus and blindness from ophthal-

micus were not included in the model. Also, there is a growing body of emerging data suggest-

ing an increased risk of stroke and myocardial infarction/transient ischemic attack associated

Fig 5. Variation in probabilities of HZ/su to be cost-effective against willingness-to-pay per QALY saved in males

and females aged 50 years, 60 years, 70 years and 80 years.

https://doi.org/10.1371/journal.pone.0210005.g005
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with HZ [19–23], and the cardiovascular and cerebrovascular events following HZ were not

included in the model. The lifelong QALYs saved by HZ/su might therefore be underesti-

mated. The literature search for model clinical inputs was limited to publications written in

English. Reports written in other language (such as Chinese language) may provide relevant

inputs to the model. The waning of vaccine efficacy was extracted from manufacturer’s infor-

mation reported in ACIP meeting, and impact of booster dose was not assessed in the model.

Rare but severe complications of HZ was not included in the model. Also, the loss of produc-

tivity for caregivers of HZ patients was not included and might therefore underestimated the

indirect cost saved by vaccination.

Conclusions

HZ/su vaccine is more likely to be accepted as cost-effective for both genders aged between

60–70 years than the extreme age groups (less than 60 years and older than 70 years) in Hong

Kong. The probabilities of vaccine to be cost-effective are higher in females than males for the

same age group. The age range for cost-effective acceptance of HZ/su vaccine was broader in

females than males given the same vaccine cost and cost-effectiveness threshold.

Supporting information

S1 Table. Model input.

(DOCX)

Author Contributions

Conceptualization: Joyce H. S. You, Owen Tak-yin Tsang, Paul Kay-sheung Chan.

Data curation: Wai-kit Ming.

Formal analysis: Joyce H. S. You.

Funding acquisition: Joyce H. S. You, Owen Tak-yin Tsang, Paul Kay-sheung Chan.

Methodology: Joyce H. S. You.

Project administration: Joyce H. S. You.

Software: Joyce H. S. You.

Supervision: Joyce H. S. You.

Validation: Wai-kit Ming.

Writing – original draft: Joyce H. S. You.

Writing – review & editing: Joyce H. S. You, Wai-kit Ming, Owen Tak-yin Tsang, Paul Kay-

sheung Chan.

References

1. Lin YH, Huang LM, Chang IS, Tsai FY, Lu CY, Shao PL, et al. Disease burden and epidemiology of her-

pes zoster in pre-vaccine Taiwan. Vaccine 2010; 28:1217–1220. https://doi.org/10.1016/j.vaccine.

2009.11.029 PMID: 19944790

2. Kawai K, Yawn BP. Risk factors for herpes zoster: A systematic review and meta-analysis. Mayo Clin

Proc 2017; 92:1806–1821. https://doi.org/10.1016/j.mayocp.2017.10.009 PMID: 29202939

3. Jih JS, Chen YJ, Lin MW, Chen YC, Chen TJ, Huang YL, et al. Epidemiological features and costs of

herpes zoster in Taiwan: A national study 2000 to 2006. Acta Derm Venereol 2009; 89:612–616. https://

doi.org/10.2340/00015555-0729 PMID: 19997693

Optimal gender-specific age for HZ vaccination

PLOS ONE | https://doi.org/10.1371/journal.pone.0210005 January 4, 2019 10 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0210005.s001
https://doi.org/10.1016/j.vaccine.2009.11.029
https://doi.org/10.1016/j.vaccine.2009.11.029
http://www.ncbi.nlm.nih.gov/pubmed/19944790
https://doi.org/10.1016/j.mayocp.2017.10.009
http://www.ncbi.nlm.nih.gov/pubmed/29202939
https://doi.org/10.2340/00015555-0729
https://doi.org/10.2340/00015555-0729
http://www.ncbi.nlm.nih.gov/pubmed/19997693
https://doi.org/10.1371/journal.pone.0210005


4. Helgason S, Petursson G, Gudmundsson S, Sigurdsson JA. Prevalence of postherpetic neuralgia after

a first episode of herpes zoster: prospective study with long term follow up. BMJ. 2000; 321:794–6.

PMID: 11009518

5. Oxman MN, Levin MJ, Johnson GR, Schmader KE, Straus SE, Gelb LD, et al. A vaccine to prevent her-

pes zoster and postherpetic neuralgia in older adults. N Engl J Med 2005; 352:2271–2284. https://doi.

org/10.1056/NEJMoa051016 PMID: 15930418

6. Schmader KE, Levin MJ, Gnann JW Jr, McNeil SA, Vesikari T, Betts RF, et al. Efficacy, safety, and tol-

erability of herpes zoster vaccine in persons aged 50–59 years. Clin Infect Dis 2012; 54:922–8. https://

doi.org/10.1093/cid/cir970 PMID: 22291101

7. Centers for Disease Control and Prevention. Singles (Herpes Zoster) vaccination. Website: https://

www.cdc.gov/vaccines/vpd/shingles/public/index.html Assessed on 9 November 2017

8. Lal H, Cunningham AL, Godeaux O, Chlibek R, Diez-Domingo J, Hwang SJ, et al. Efficacy of an adju-

vanted herpes zoster subunit vaccine in older adults. N Engl J Med. 2015; 372:2087–96. https://doi.org/

10.1056/NEJMoa1501184 PMID: 25916341

9. Cunningham AL, Lal H, Kovac M, Chlibek R, Hwang SJ, Dı́ez-Domingo J, et al. Efficacy of the Herpes

Zoster Subunit Vaccine in Adults 70 Years of Age or Older. N Engl J Med. 2016; 375:1019–32. https://

doi.org/10.1056/NEJMoa1603800 PMID: 27626517

10. You JHS, Ming WK, Lee CF, Tsang OT, Chan PK. Potential cost-effectiveness of adjuvanted herpes

zoster subunit vaccine for older adults in Hong Kong. Vaccine 2018; 25;36:4610–4620.

11. Yawn BP, Wollan PC, Kurland MJ, St Sauver JL, Saddier P. Herpes zoster recurrences more frequent

than previously reported. Mayo Clin Proc. 2011; 86:88–93. https://doi.org/10.4065/mcp.2010.0618

PMID: 21220354

12. The world health report 2002: reducing risks, promoting healthy life. Geneva: World Health Organiza-

tion; 2002.

13. Census and Statistics Department, The Government of Hong Kong SAR. National income. Website:

http://www.censtatd.gov.hk/hkstat/sub/sp250.jsp?tableID=030&ID=0&productType=8 Accessed on 26

July 2018.

14. Census and Statistics Department, Hong Kong SAR. Women and men in Hong Kong key statistics

2017 Edition. Website: https://www.censtatd.gov.hk/hkstat/sub/sp180.jsp?productCode=B1130303

Assessed on 3 January 2018

15. Le P, Rothberg MB. Cost-effectiveness of the Adjuvanted Herpes Zoster Subunit Vaccine in Older

Adults. JAMA Intern Med. 2018; 178(2):248–258. https://doi.org/10.1001/jamainternmed.2017.7431

PMID: 29297049

16. Harvey MJ, Denton BT, Prosser LA, Hutton DW. Determining the optimal strategy for the herpes zoster

vaccine in adults. Vaccine. 2018 Jul 18. pii: S0264-410X(18)30900-9. https://doi.org/10.1016/j.vaccine.

2018.06.059 PMID: 30031663

17. Brisson M, Gay NJ, Edmunds WJ, Andrews NJ. Exposure to varicella boosts immunity to herpes-zoster:

implications for mass vaccination against chickenpox. Vaccine. 2002; 20:2500–7. PMID: 12057605

18. Patel MS, Gebremariam A, Davis MM. Herpes zoster-related hospitalizations and expenditures before

and after introduction of the varicella vaccine in the United States. Infect Control Hosp Epidemiol. 2008;

29:1157–63. https://doi.org/10.1086/591975 PMID: 18999945

19. Erskine N, Tran H, Levin L, Ulbricht C, Fingeroth J, Kiefe C, et al. A systematic review and meta-analy-

sis on herpes zoster and the risk of cardiac and cerebrovascular events. PLoS One. 2017; 12:

e0181565. https://doi.org/10.1371/journal.pone.0181565 PMID: 28749981

20. Kim MC, Yun SC, Lee HB, Lee PH, Lee SW, Choi SH, et al. Herpes zoster increases the risk of stroke

and myocardial infarction. J Am Coll Cardiol. 2017; 70:295–296. https://doi.org/10.1016/j.jacc.2017.05.

015 PMID: 28683973

21. Kwon SU, Yun SC, Kim MC, Kim BJ, Lee SH, Lee SO, et al. Risk of stroke and transient ischaemic

attack after herpes zoster. Clin Microbiol Infect. 2016; 22:542–8. https://doi.org/10.1016/j.cmi.2016.03.

003 PMID: 26992774

22. Zhang Y, Luo G, Huang Y, Yu Q, Wang L, Li K. Risk of Stroke/Transient Ischemic Attack or Myocardial

Infarction with Herpes Zoster: A Systematic Review and Meta-Analysis. J Stroke Cerebrovasc Dis.

2017; 26:1807–1816. https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.04.013 PMID: 28501259

23. Minassian C, Thomas SL, Smeeth L, Douglas I, Brauer R, Langan SM. Acute Cardiovascular Events

after Herpes Zoster: A Self-Controlled Case Series Analysis in Vaccinated and Unvaccinated Older

Residents of the United States. PLoS Med. 2015; 12(12):e1001919. https://doi.org/10.1371/journal.

pmed.1001919 PMID: 26671338

Optimal gender-specific age for HZ vaccination

PLOS ONE | https://doi.org/10.1371/journal.pone.0210005 January 4, 2019 11 / 11

http://www.ncbi.nlm.nih.gov/pubmed/11009518
https://doi.org/10.1056/NEJMoa051016
https://doi.org/10.1056/NEJMoa051016
http://www.ncbi.nlm.nih.gov/pubmed/15930418
https://doi.org/10.1093/cid/cir970
https://doi.org/10.1093/cid/cir970
http://www.ncbi.nlm.nih.gov/pubmed/22291101
https://www.cdc.gov/vaccines/vpd/shingles/public/index.html
https://www.cdc.gov/vaccines/vpd/shingles/public/index.html
https://doi.org/10.1056/NEJMoa1501184
https://doi.org/10.1056/NEJMoa1501184
http://www.ncbi.nlm.nih.gov/pubmed/25916341
https://doi.org/10.1056/NEJMoa1603800
https://doi.org/10.1056/NEJMoa1603800
http://www.ncbi.nlm.nih.gov/pubmed/27626517
https://doi.org/10.4065/mcp.2010.0618
http://www.ncbi.nlm.nih.gov/pubmed/21220354
http://www.censtatd.gov.hk/hkstat/sub/sp250.jsp?tableID=030&ID=0&productType=8
https://www.censtatd.gov.hk/hkstat/sub/sp180.jsp?productCode=B1130303
https://doi.org/10.1001/jamainternmed.2017.7431
http://www.ncbi.nlm.nih.gov/pubmed/29297049
https://doi.org/10.1016/j.vaccine.2018.06.059
https://doi.org/10.1016/j.vaccine.2018.06.059
http://www.ncbi.nlm.nih.gov/pubmed/30031663
http://www.ncbi.nlm.nih.gov/pubmed/12057605
https://doi.org/10.1086/591975
http://www.ncbi.nlm.nih.gov/pubmed/18999945
https://doi.org/10.1371/journal.pone.0181565
http://www.ncbi.nlm.nih.gov/pubmed/28749981
https://doi.org/10.1016/j.jacc.2017.05.015
https://doi.org/10.1016/j.jacc.2017.05.015
http://www.ncbi.nlm.nih.gov/pubmed/28683973
https://doi.org/10.1016/j.cmi.2016.03.003
https://doi.org/10.1016/j.cmi.2016.03.003
http://www.ncbi.nlm.nih.gov/pubmed/26992774
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.04.013
http://www.ncbi.nlm.nih.gov/pubmed/28501259
https://doi.org/10.1371/journal.pmed.1001919
https://doi.org/10.1371/journal.pmed.1001919
http://www.ncbi.nlm.nih.gov/pubmed/26671338
https://doi.org/10.1371/journal.pone.0210005

