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Background: Clinical studies support a standing orders program (SOP) to improve vaccine uptake. We aimed
to examine the potential cost-effectiveness of a pneumococcal vaccination SOP for Hong Kong elderly in a
hospital setting.
COSt, ) ) Methods: A decision-analytic model was designed to compare the outcomes of inpatients 65 years of age or
(slua“ty'adju“ed life-years older who were eligible for pneumococcal vaccination. Two vaccination approaches were evaluated: (1) vac-
treptococcus pneunoniae cination SOP, and (2) no program (control group). Outcome measures included direct medical costs, invasive
pneumococcal disease—associated mortality rates, quality-adjusted life year (QALY) losses, and incremental
cost per QALY saved (ICER).
Results: In the base-case analysis, mortality and QALY losses were lower and costs were higher in the SOP
group when compared to the control group. The base-case ICER of the SOP group was $59,762 (all dollar
amounts are in US$) per QALY saved. One-way sensitivity analyses found ICER to be sensitive to the probabil-
ity of invasive pneumococcal disease among the unvaccinated elderly. Using 1x the gross domestic product
per capita of Hong Kong ($43,497) and the United States ($150,000) as willingness-to-pay thresholds, SOPs
were the preferred option in 37.2% and 97.5% of 10,000 Monte Carlo simulations, respectively.
Conclusions: The pneumococcal vaccination SOP for hospitalized elderly patients appeared to reduce QALY
losses at a higher cost. The cost-effective acceptance of SOPs is highly dependent on the willingness-to-pay
threshold.
© 2019 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All
rights reserved.

BACKGROUND The efficacy of pneumococcal vaccines, including the 23-valent

pneumococcal polysaccharide vaccine and 13-valent pneumococcal

Streptococcus pneumoniae causes a wide range of pneumococcal
infections, including invasive (bacteremia and meningitis) and non-
invasive (pneumonia and acute otitis media) diseases.! In Hong Kong,
the annual incidence of invasive pneumococcal disease has increased
from 1.7 per 100,000 in 2007 to 2.9 per 100,000 in 2015.% Of all inva-
sive pneumococcal disease cases in 2018, 40% occurred in patients
65 years or older.>~
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conjugate vaccine, against pneumococcal infections in adults 65 years
and older has been well demonstrated in meta-analyses and large
randomized clinical trials.” The Government of the Hong Kong Spe-
cial Administrative Region provides a subsidy for 1 dose of 23-valent
pneumococcal polysaccharide vaccine to adults who are >65 years of
age and have not received any pneumococcal vaccination. Despite
the subsidy program, the vaccine coverage rate was only 34% in 2016,
and it was much lower than the Healthy People 2020 goal of 90% cov-
erage among elderly persons.*%*

Adult vaccinations in an inpatient setting offer an unexplored
opportunity to enhance the rate of vaccination in Hong Kong. The
standing orders program (SOP) of vaccination authorizes health care

0196-6553/© 2019 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All rights reserved.
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professional staff such as pharmacists and nurses to assess patient eli-
gibility and administer vaccines without a physician’s order. Because
clinical studies have reported that the SOP has improved the vaccina-
tion coverage rate,'°"!> SOPs have the potential to be cost-effective
measures to maximize the clinical benefit of pneumococcal vaccina-
tion among the elderly in Hong Kong. In the present study, we aimed
to examine the potential costs and clinical outcomes of pneumococcal
vaccination SOPs for the Hong Kong elderly in a hospital setting from
the perspective of public health care providers.

METHODS
Model design

A Markov model (Fig 1) was designed to compare the outcomes of
a hypothetical cohort of inpatients who were >65 years of age, were
eligible for the 23-valent pneumococcal polysaccharide vaccine,® and
did not have contraindications to the pneumococcal vaccine at the
time of discharge from a Hong Kong public hospital. Two vaccination
approaches were evaluated: (1) pneumococcal vaccination SOP, and
(2) no program (control group). Markov modeling is a form of deci-
sion analysis in which hypothetical patients proceed through differ-
ent Markov health states in every model cycle over time. The
transition between health states was based on probability inputs of
the model, and the time horizon of the model was 10 years with a
yearly cycle length. The model outcomes included direct medical
costs, invasive pneumococcal disease—associated mortality rates, and
quality-adjusted life year (QALY) loss.

In the SOP arm, a non-physician health care professional (SOP
staff), either a nurse or pharmacist, evaluated the eligibility of hospi-
talized patients for pneumococcal vaccination (including history of
vaccination and contraindications to the vaccine). The SOP staff fur-
ther provided pneumococcal vaccination information to the eligible
patients or their caregivers, who might or might not agree to receive
the vaccine. If the eligible patients or their caregivers agreed to
receive the pneumococcal vaccination, the SOP staff administered the
vaccine before the eligible patients were discharged. The most com-
monly reported adverse event related to the 23-valent pneumococcal
polysaccharide vaccine was minor injection site reactions; therefore,
the costs and outcomes of vaccine-associated adverse events were
not included in the model. In the control group, no pneumococcal
vaccination was offered during the hospital stay.
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It should be noted that in each yearly cycle both vaccinated and
unvaccinated patients might die of all causes. People might or might
not acquire invasive pneumococcal disease, and infected patients
might survive or die with or without admission to an intensive care
unit.

Clinical inputs

The model parameters are listed in Table 1. A literature search was
performed on MEDLINE from 2000 to 2018 with the key words
“pneumococcal infection,” “pneumonia,” “invasive pneumococcal dis-
ease,” “aged,” “23-valent pneumococcal polysaccharide vaccine,”
“vaccine effectiveness,” “clinical outcomes,” “mortality,” “intensive
care unit,” and “critical care.” The published articles retrieved were
screened for relevance to the present model, and case reports were
excluded. Meta-analyses and randomized controlled trials were the
preferred types of studies. For variables reported in multiple studies,
a weighted average was used as the base-case value, and the highest
and lowest values were the range used for sensitivity analysis.

The Hospital Authority is a statutory body responsible for the
management of public hospitals in Hong Kong. According to the Hos-
pital Authority Statistical Report 2016-2017, the 75 years or older age
group had higher discharges (368,440) than the group of patients 65
to 74 years of age (156,861)."° The age of 75 years was therefore used
as the base-case value of the hypothetical cohort of elderly patients,
and the range of 65 to 85 years was used as the range for sensitivity
analysis.

The model used the yearly vaccine effectiveness of the 23-valent
pneumococcal polysaccharide vaccine against invasive pneumococcal
disease in years 1 to 10, as previously derived in 2 cost-effectiveness
studies of pneumococcal vaccination, and a vaccine effectiveness
adjustment factor of +10% was incorporated to represent individual
variation.'”'® The vaccination rate in the SOP group was estimated
from the weighted average of SOP vaccine uptake rates for adult vac-
cination in 2 outcome studies (70.0%; range, 69%-74%).'>1°

The annual incidence in Hong Kong of invasive pneumococcal dis-
ease among adults > 65 years of age (8.3 per 100,000) was estimated
from invasive pneumococcal disease cases reported by The Centre for
Health Protection and from the age-specific population of Hong Kong
in 2018.2%%! The range of invasive pneumococcal disease incidence
(2.6/100,000 to 12.4/100,000) and the mortality rate of invasive
pneumococcal disease in the inpatient setting (0.16; range, 0.082-
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Fig 1. Simplified decision-analytic model of a standing orders program for pneumococcal vaccination versus no program for hospitalized elderly patients.
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Table 1
Model inputs
Variables Base-case value Range Distribution type References
Clinical inputs
Age (y) 75 65-85 Triangular 16
Vaccine effectiveness 17
Year 1 0.82 — —
Year 2 0.78 — —
Year 3 0.72 — —
Year 4 0.64 — —
Year 5 0.54 — —
Year 6 0.43 — —
Year 7 0.3 — —
Year 8 0.15 — —
Year 9 0 - —
Year 10 0 — —
Vaccine effectiveness adjusting factor 1 09-1.1 Triangular 17,18
Vaccine acceptance rate in standing orders program 0.70 0.69-0.74 Beta 13,19
Probability of invasive pneumococcal disease in unvaccinated patients 0.000083 0.000026-0.000124 Beta 20-22
Intensive care unit admission 0.221 0.188-0.261 Beta 23
Mortality
All-cause 0.02665 0.009-0.109 Beta 27
Invasive pneumococcal disease—associated death 0.16 0.082-0.187 Beta 22
Invasive pneumococcal disease—associated death in intensive care unit 0.238 0.18-0.28 Beta 24-26
Length of stay for invasive pneumococcal disease (d) 28
Hospitalization 13 10.3-15.8 Uniform
Intensive care unit 24 0.9-4.2 Uniform
Utility inputs
Utility of age > 65y 0.84 — — 29
Utility of invasive pneumococcal disease 0.2 0.15-0.25 Triangular 30
Utility of invasive pneumococcal disease in intensive care unit 0.1 0.075-0.125 Triangular *
Cost inputs (USD)
Intensive care unit per day 3128 — — 31
Hospitalization per day 654 — — 31
Standing orders program 5 4-6 Triangular 13,32,33
Pneumococcal vaccine 32 10-38 Triangular —!

*Assumption.
fLocal pricing.

0.187) were derived from the findings of a population-based epide-
miology study on the National Health Insurance Research Database in
Taiwan.?? The intensive care unit admission rate for invasive pneu-
mococcal disease (0.221; range, 0.188-0.261) was retrieved from a
retrospective cohort study on surveillance data of hospitalized
patients in the Netherlands.?> Invasive pneumococcal disease mortal-
ity in intensive care units (0.238; range 0.18-0.28) was based on a
study that assessed the epidemiological and economic burdens of
pneumococcal infections and on 2 outcome studies of severe pneu-
mococcal infections in intensive care units.?*~2° The all-cause mortal-
ity rate was based on statistics reported by the latest version of
Mortality Trend in Hong Kong; the mortality rates of adults ages 75
to 79 years were used as the base-case values, and the mortality rates
of adults > 85 years of age and adults 65 to 69 years of age were used
as the high and low values, respectively.?’ The lengths of stay for
intensive care (2.4 days; range, 0.9-4.2 days) and hospitalization (13
days; range, 10.3-15.8 day) due to invasive pneumococcal disease
were approximated from an observational study of hospitalization
costs for pneumonia among the Dutch elderly.?

Utility and cost inputs

The QALY loss of each patient with invasive pneumococcal dis-
ease was calculated based on loss of utility and (1) duration of time
spent in a non-intensive care unit care for invasive pneumococcal
disease, (2) duration of time spent in an intensive care unit care for
invasive pneumococcal disease, or (3) death associated with inva-
sive pneumococcal disease. The loss of utility due to invasive

pneumococcal disease was estimated from the difference between
the age-specific utility value of the >65-year-old cohort (0.84) and
the utility value of invasive pneumococcal disease (0.2; range 0.15-
0.25).2%3% The utility value of an intensive care unit stay was
assumed to be half that of a non-intensive care unit stay; therefore,
the utility value of invasive pneumococcal disease treated in an
intensive care unit was reduced by 50%. The QALY loss as a result of
death associated with invasive pneumococcal disease was calcu-
lated using the Hong Kong life expectancy and age-specific utility
values.”'??

The economic analysis was conducted from the perspective of
Hong Kong public health care providers, and direct medical costs
were included. The cost per day of treatment in an intensive care unit
was $3128 (all dollar amounts are in US$), and the cost per day in a
medical ward was $654, as derived from 2019 charges for non-eligi-
ble persons under the Hospital Authority,>' which is subsidized by
the Government of the Hong Kong Special Administrative Region.
The charges listed for non-residents of Hong Kong were assumed to
include only the components of costs (including labor costs) and no
profit margins, and they were used to estimate health service costs.
The SOP included screening of patients eligible for the 23-valent
pneumococcal polysaccharide vaccine and providing education to the
identified patients. The SOP cost per eligible patient was $5 (range,
$4-$6), calculated based on the median wages of nurses and pharma-
cists from the Hospital Authority>? and the time required for screen-
ing and education. The time spent on each patient was estimated to
be 10 minutes, based on the findings of a SOP implementation study
in the United States and a clinical trial of health education on
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vaccination in Hong Kong."** The cost of the 23-valent pneumococ-
cal polysaccharide vaccine ($32) was based on local pricing. Both
cumulative cost and QALY loss in this 10-year model were discounted
to the year 2019 by an annual rate of 3%.

Cost-effectiveness and sensitivity analyses

The expected direct medical costs, mortality rates associated with
invasive pneumococcal disease, and QALY losses were simulated
using the base-case model input values. If the SOP cost more to save
QALYs, then the incremental cost per QALY saved (ICER) by the SOP
was calculated as follows:

ICER = (COStSOP - COStControl ) / (QALY 1OSSCOntrol - QALY lOSSSOP)

In 2017, the gross domestic product per capita of Hong Kong was
$46,153.>* As recommended by the World Health Organization, an
ICER value less than 3x the gross domestic product per capita was
considered to be cost effective. We therefore adopted $138,460 (3x
gross domestic product per capita) as the willingness-to-pay thresh-
old for cost-effective SOP interventions.

Base-case and sensitivity analyses were performed by TreeAge Pro
2009 (TreeAge Software, Inc; Williamstown, MA) and Microsoft Excel
2013 (Microsoft Corporation; Redmond, WA). One-way sensitivity
analyses that varied all model inputs were performed for each model
outcome (cost, invasive pneumococcal disease—associated mortality,
and QALY loss) to identify influential factors with threshold values.
The probabilistic sensitivity analyses were performed using Monte
Carlo simulation. The direct costs and QALY losses of each study arm
were recalculated 10,000 times by randomly drawing each of the
model inputs from a specified probability distribution. The probabil-
ity of each study arm to be the preferred option was determined over
a wide range of willingness-to-pay thresholds ($0 to $150,000).

RESULTS
Base-case analysis

In the base-case analysis, invasive pneumococcal disease—associ-
ated mortality for the SOP group was 0.010 per 100 patients eligible
for pneumococcal vaccination, compared to 0.014 for the control
group. QALY losses in the SOP group were 0.00099 compared to
0.00141 in the control group; however, the lower value in the SOP
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Incremental cost per QALY saved by standing orders
program versus control (USD/QALY saved)

group came at a higher cost ($33.00 vs $7.90). The base-case ICER of
the SOP group was $59,762 per QALY saved.

Sensitivity analysis

One-way sensitivity analyses found that mortality and QALY
losses were lower but costs were higher in the SOP group compared
to the control group throughout all model input variations. The
impact of each model input on the ICER of the SOP group is shown in
a tornado diagram in Figure 2. The probability of invasive pneumo-
coccal disease among unvaccinated elderly was the most influential
parameter on the ICER of the SOP group. The ICER became higher
than the willingness-to-pay threshold ($138,460) when the probabil-
ity of invasive pneumococcal disease fell below 0.000038 (3.8 in
100,000). Costs, QALY losses, and the probability of invasive pneumo-
coccal disease among unvaccinated elderly are illustrated in Figure 3.

In the 10,000 Monte Carlo simulations generated by probabilistic
sensitivity analyses, the SOP group cost more than the control group
by $21.30 (95% confidence interval, 21.20-21.40; P < .001) and saved
0.000418 QALYs (95% confidence interval, 0.000414-0.000421; P <
.001). The ICERs of the SOP group were below the willingness-to-pay
threshold in 96.6% of the 10,000 simulations. The probabilities of SOP
being the preferred option were evaluated based on acceptability
curves over a wide willingness-to-pay range ($0-$150,000) (Fig 4).
The SOP was the preferred option in 37.2% of 10,000 Monte Carlo sim-
ulations when 1x gross domestic product per capita ($43,497) was
used as the willingness-to-pay threshold. The probability of SOP to be
preferred increased to 97.5% when the willingness-to-pay threshold
was $150,000.

DISCUSSION

The present study examined the cost-effectiveness of a SOP for the
23-valent pneumococcal polysaccharide vaccine for hospitalized
elderly patients eligible for discharge from a public health care pro-
vider in Hong Kong. The base-case analysis results showed that the
SOP intervention reduced invasive pneumococcal disease—associated
mortality and QALY losses at a higher cost as compared to the sce-
nario without the SOP. The one-way sensitivity analysis found that
the base-case analysis results of higher costs in the SOP group to
reduce invasive pneumococcal disease—associated mortality and
QALY losses were highly robust.

[ Probability of invasive pneumococcaldisease in unvaccinated elderly: 0.000026 to 0.000124
O Elderly age: 65.0 to 85.0

[T Cost of pneumococcal vaccine: 10 to 38.0

[ invasive pneumococcal disease-associated mortality 0.082 to 0.187

[T Probability of all-cause death: 0.009 to 0.109

[ Cost of standing orders program per eligible patient: 4.0 to 6.0

[0 Vaccine effectiveness adjusting factor: 0.9 to 1.1

[ Invasive pneumococcal disease-associated mortality in intensive care unit: 0.18 to 0.28
(] Length of stay (days) for hospitalized invasive pneumococcal disease: 10.3 to 15.8

[ Intensive care unit admission rate for invasive pneumococcal disease: 0.188 to 0.261

] Length of stay (days) in intensive care unit for invasive pneumococcal disease: 0.9 to 4.2
[ vaccine acceptancerate in standing orders program program: 0.69 to 0.74

[ Utility value of invasive pneumococcal disease: 0.15 to 0.25

O Utility value of invasive pneumococcal disease in intensive care unit: 0.075 to 0.125

Fig 2. One-way sensitivity analysis (tornado diagram) of all parameters on ICER of a standing orders program versus no program (control). ICER, incremental cost per QALY saved;

QALY, quality-adjusted life year; USD, US dollars.
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Fig 3. One-way sensitivity analysis of (a) QALY loss and (b) direct medical cost against probability of invasive pneumococcal disease in unvaccinated elderly. QALY, quality-adjusted

life year; USD, US dollars.

The ICER of the SOP was sensitive to the probability of invasive
pneumococcal disease in unvaccinated elderly. When the probability
of invasive pneumococcal disease decreased from the base-case value
(0.000083), the difference in QALY losses between the 2 study arms
narrowed while the difference in costs between the 2 groups broad-
ened. Due to the higher incremental costs associated with reducing the
probability of invasive pneumococcal disease, the ICER of the SOP
increased and exceeded the willingness-to-pay threshold when the
probability of invasive pneumococcal disease was lower than
0.000038. The robustness of the base-case results was further sup-
ported by probabilistic sensitivity analysis showing that the SOP saved
QALYs at a higher cost in 100% of 10,000 Monte Carlo simulations.
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These findings are similar to the results of a US cost-effective-
ness analysis of a SOP for pneumococcal polysaccharide vaccine
vaccination which found that the SOP saved QALYs at higher costs
in the hospital setting.'” Nevertheless, the base-case ICER in our
analysis ($59,762 per QALY) was higher than the ICERs ($2432-
$8859 per QALY) in the US hospital setting. The incidence rates of
invasive pneumococcal disease in populations ages 65 years to
>85 years have ranged from 20.1 to 93.2 cases per 100,000 in
prior US analyses and are higher than the invasive pneumococcal
disease incidence rates in Hong Kong (base-case value, 8.3; range,
2.6-12.4 per 100,000), which were applied in our model. As indi-
cated by the one-way sensitivity analysis, the probability of

150,000 USD/QALY

Standing orders program

= = = No program

0 20000 40000 60000 80000

100000

120000 140000 160000

Willingness-to-pay (USD/QALY)

Fig 4. Acceptability curves of a SOP and no program versus willingness to pay. QALY, quality-adjusted life year; SOP, standing orders program; USD, US dollars.
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invasive pneumococcal disease influenced ICER values. When a
higher probability of invasive pneumococcal disease (>35 cases
per 100,000) was applied to the model, the ICER of the SOP
declined to <$10,000 per QALY (data not shown).

This is the first cost-effectiveness analysis of a pneumococcal
vaccination SOP in a Hong Kong hospital setting. According to the
US Centers for Disease Control and Prevention, over 65% of
patients admitted for severe pneumococcal infection have had a
history of prior hospitalization for other conditions within the
past 3 to 5 years,® a finding that supports screening eligible hos-
pitalized patients and offering pneumococcal vaccination when
appropriate. The effectiveness of SOPs on vaccination coverage
rates has been demonstrated in multiple trials,'°~'> and our
study results provide further evidence of the economic impor-
tance of SOPs for pneumococcal vaccination in Hong Kong. The
vaccine subsidy program for pneumococcal vaccination in Hong
Kong supports the full price of vaccination, yet the vaccine
uptake rate has been only 34%.%® The findings of this study
should encourage Hong Kong health care providers and public
health administrators to improve SOP vaccine coverage among
eligible elderly patients in a hospital setting. Our model also pro-
vides a decision-analytic framework to evaluate SOPs for vaccina-
tion programs in institutionalized settings such as rehabilitation
and long-term care facilities.

Our analysis was limited by uncertainty regarding the model
inputs, as well as simplification of real-life events. A few clinical
inputs (mortality rate and intensive care unit admission rate for
invasive pneumococcal disease) were not available for Hong Kong
and were adopted from other regions. The borrowed statistics
from overseas might result in under- or overestimation of the
invasive pneumococcal disease burden in Hong Kong and the cor-
responding impact of SOPs. Sensitivity analyses on all model
inputs were therefore conducted to examine the robustness of
the base-case results. Adverse events associated with the 23-val-
ent pneumococcal polysaccharide vaccine were not included in
the model, as minor injection site reaction was the most com-
monly reported event, so the costs and QALY losses associated
with vaccination might be underestimated. Only direct medical
costs were included in the economic analysis, and the indirect
costs associated with invasive pneumococcal disease (such as the
costs of caregivers) were not evaluated. The results might there-
fore underestimate the economic benefits of the SOP from the
societal perspective of Hong Kong.

CONCLUSIONS

The SOP of 23-valent pneumococcal polysaccharide vaccine for
hospitalized elderly patients appeared to reduce invasive pneumo-
coccal disease—associated QALY losses but at a higher cost when com-
pared to no program. Acceptance of cost-effective SOPs is subject to
the incidence of invasive pneumococcal disease among the elderly
population and the willingness-to-pay threshold.

References

1. Centre for Health Protection, Department of Health, The Government of the Hong
Kong Special Administrative Region. Pneumococcal infection. Available from:
http://www.chp.gov.hk/en/content/9/24/10584.html. Accessed January 8, 2019.

2. Centre for Health Protection, Department of Health, The Government of the Hong
Kong Special Administrative Region. Updated recommendations on the use of
pneumococcal vaccines for high-risk individuals. Available from: http://www.chp.
gov.hk/files/pdf/updated_recommendations_on_the_use_of_pneumococcal_vacci-
nes_amended_120116_clean_2.pdf. Accessed January 8, 2019.

3. Centre for Health Protection, Department of Health, The Government of the Hong
Kong Special Administrative Region. Pneumonia. Available from: http://www.
healthyhk.gov.hk/phisweb/en/healthy_facts/disease_burden/major_causes_death/
pneumonia/. Accessed January 8, 2019.

4. The Government of the Hong Kong Special Administrative Region. LCQ11: Pneu-
mococcal vaccination [press release]. Available from: https://www.info.gov.hk/
gia/general/201605/25/P201605250508.htm. Accessed January 8, 2019.

5. Centre for Health Protection, Department of Health, The Government of the Hong
Kong Special Administrative Region. Report on IPD in 2016. Available from: http://
www.chp.gov.hk/en/epidemiology/441/636/753.html. Accessed February 1, 2019.

6. Bonten M], Huijts SM, Bolkenbaas M, Webber C, Patterson S, Gault S, et al. Polysac-
charide conjugate vaccine against pneumococcal pneumonia in adults. N Engl ]
Med 2015;372:1114-25.

7. Moberley S, Holden J, Tatham DP, Andrews RM. Vaccines for preventing pneumo-
coccal infection in adults. Cochrane Database Syst Rev 2013(1):CD000422.

8. Centre for Health Protection, Department of Health, The Government of the Hong
Kong Special Administrative Region. Vaccination subsidy scheme details. Available
from: https://www.chp.gov.hk/en/features/46199.html. Accessed December 4,

9. Centers for Disease Control and Prevention. Epidemiology and prevention of vac-
cine-preventable diseases: pneumococcal disease. Available from: https://www.
cdc.gov/vaccines/pubs/pinkbook/pneumo.html. Accessed September 7, 2018.

10. Lee DH, Sun T, Kemmerly S, Ruddy F, Simonson D, Colletti L, et al. Rapid implemen-
tation of a pneumococcal vaccine program in a multispecialty teaching hospital. ]
Clin Outcomes Manag 2002;9:141-5.

11. Dexter PR, Perkins SM, Maharry KS, Jones K, McDonald C]. Inpatient computer-
based standing orders vs physician reminders to increase influenza and pneumo-
coccal vaccination rates: a randomized trial. JAMA 2004;292:2366-71.

12. Bourdet SV, Kelley M, Rublein J, Williams DM. Effect of a pharmacist-managed pro-
gram of pneumococcal and influenza immunization on vaccination rates among
adult inpatients. Am ] Health Syst Pharm 2003;60:1767-71.

13. Sokos DR, Skledar SJ, Ervin KA, Nowalk MP, Zimmerman RK, Fox DE, et al. Design-
ing and implementing a hospital-based vaccine standing orders program. Am ]
Health Syst Pharm 2007;64:1096-102.

14. Skledar SJ, Hess MM, Ervin KA, Gross PR, Nowalk MP, Carter H, et al. Designing a
hospital-based pneumococcal vaccination program. Am ] Health Syst Pharm
2003;60:1471-6.

15. Shevlin D, Summers-Bean C, Thomas D, Whitney CG, Todd D, Ray SM. A system-
atic approach for increasing pneumococcal vaccination rates at an inner-city pub-
lic hospital. Am ] Prev Med 2002;22:92-7.

16. Hospital Authority. Hospital Authority statistical report 2016-2017. Available
from: http://www?3.ha.org.hk/data/HAStatistics/DownloadReport/2. Accessed Jan-
uary 8, 2019.

17. Middleton DB, Lin CJ, Smith K], Zimmerman RK, Nowalk MP, Roberts MS,
et al. Economic evaluation of standing order programs for pneumococcal vac-
cination of hospitalized elderly patients. Infect Control Hosp Epidemiol
2008;29:385-94.

18. Weaver M, Krieger J, Castorina J, Walls M, Ciske S. Cost-effectiveness of combined
outreach for the pneumococcal and influenza vaccines. Arch Intern Med 2001;
161:111-20.

19. Robke JT, Woods M, Heitz S. Pharmacist impact on pneumococcal vaccination rates
through incorporation of immunization assessment into critical pathways in an
acute care setting. Hosp Pharm 2002;37:1050-4.

20. Centre for Health Protection, Department of Health, The Government of the Hong
Kong Special Administrative Region. Report on IPD. Available from: https://www.
chp.gov.hk/en/resources/29/636.html. Accessed January 22, 2019.

21. Census and Statistics Department, The Government of the Hong Kong Special
Administrative Region. Table E483: projected Hong Kong life tables, 2019-2066.
Available from: https://www.censtatd.gov.hk/hkstat/sub/sp190.jsp?productCode=
D5320183. Accessed February 20, 2019.

22. Wu DB, Roberts CS, Huang YC, Chien L, Fang CH, Chang CJ. A retrospective study to
assess the epidemiological and economic burden of pneumococcal diseases in
adults aged 50 years and older in Taiwan. ] Med Econ 2014;17:312-9.

23. Jansen AG, Rodenburg GD, van der Ende A, van Alphen L, Veenhoven RH,
Spanjaard L, et al. Invasive pneumococcal disease among adults: associations
among serotypes, disease characteristics, and outcome. Clin Infect Dis
2009;49:e23-9.

24. loachimescu OC, loachimescu AG, lannini PB. Severity scoring in community-
acquired pneumonia caused by Streptococcus pneumoniae: a 5-year experience. Int
J Antimicrob Agents 2004;24:485-90.

25. Mongardon N, Max A, Bouglé A, Pene F, Lemiale V, Charpentier ], et al. Epidemiol-
ogy and outcome of severe pneumococcal pneumonia admitted to intensive care
unit: a multicenter study. Crit Care 2012;16:R155.

26. Rodriguez A, Lisboa T, Blot S, Martin-Loeches I, Solé-Violan J, De Mendoza D, et al.
Mortality in ICU patients with bacterial community-acquired pneumonia: when
antibiotics are not enough. Intensive Care Med 2009;35:430-8.

27. Census and Statistics Department, Hong Kong Special Administrative Region. Hong
Kong monthly digest of statistics: the mortality trend in Hong Kong, 1981 to 2015.
Available from: http://www.statistics.gov.hk/pub/B71612FA2016XXXXB0100.pdf.
Accessed January 22, 2019.

28. Vissink CE, Huijts SM, de Wit GA, Bonten MJ, Mangen MJ. Hospitalization costs for
community-acquired pneumonia in Dutch elderly: an observational study. BMC
Infect Dis 2016;16:466.

29. Gold MR, Franks P, McCoy KI, Fryback DG. Toward consistency in cost-utility anal-
yses: using national measures to create condition-specific values. Med Care
1998;36:778-92.

30. Sisk JE, Whang W, Butler JC, Sneller VP, Whitney CG. Cost-effectiveness of vacci-
nation against invasive pneumococcal disease among people 50 through


http://www.chp.gov.hk/en/content/9/24/10584.html
http://www.chp.gov.hk/files/pdf/updated_recommendations_on_the_use_of_pneumococcal_vaccines_amended_120116_clean_2.pdf
http://www.chp.gov.hk/files/pdf/updated_recommendations_on_the_use_of_pneumococcal_vaccines_amended_120116_clean_2.pdf
http://www.chp.gov.hk/files/pdf/updated_recommendations_on_the_use_of_pneumococcal_vaccines_amended_120116_clean_2.pdf
http://www.healthyhk.gov.hk/phisweb/en/healthy_facts/disease_burden/major_causes_death/pneumonia/
http://www.healthyhk.gov.hk/phisweb/en/healthy_facts/disease_burden/major_causes_death/pneumonia/
http://www.healthyhk.gov.hk/phisweb/en/healthy_facts/disease_burden/major_causes_death/pneumonia/
https://www.info.gov.hk/gia/general/201605/25/P201605250508.htm
https://www.info.gov.hk/gia/general/201605/25/P201605250508.htm
http://www.chp.gov.hk/en/epidemiology/441/636/753.html
http://www.chp.gov.hk/en/epidemiology/441/636/753.html
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0001
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0001
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0001
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0002
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0002
https://www.chp.gov.hk/en/features/46199.html
https://www.cdc.gov/vaccines/pubs/pinkbook/pneumo.html
https://www.cdc.gov/vaccines/pubs/pinkbook/pneumo.html
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0003
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0003
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0003
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0004
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0004
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0004
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0005
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0005
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0005
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0006
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0006
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0006
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0007
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0007
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0007
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0008
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0008
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0008
http://www3.ha.org.hk/data/HAStatistics/DownloadReport/2
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0009
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0009
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0009
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0009
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0010
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0010
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0010
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0011
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0011
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0011
https://www.chp.gov.hk/en/resources/29/636.html
https://www.chp.gov.hk/en/resources/29/636.html
https://www.censtatd.gov.hk/hkstat/sub/sp190.jsp?productCode=D5320183
https://www.censtatd.gov.hk/hkstat/sub/sp190.jsp?productCode=D5320183
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0012
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0012
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0012
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0013
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0013
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0013
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0013
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0014
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0014
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0014
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0015
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0015
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0015
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0015
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0015
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0016
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0016
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0016
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0016
http://www.statistics.gov.hk/pub/B71612FA2016XXXXB0100.pdf
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0017
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0017
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0017
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0018
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0018
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0018
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0019
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0019

1308

31.

32.

64 years of age: role of comorbid conditions and race. Ann Intern Med 2003;138:
960-8.

Hospital Authority. Fees and charges. Available from: https://www.ha.org.hk/visi-
tor/ha_visitor_text_index.asp?Parent_ID=10044&Content_ID=10045&Ver=TEXT.
Accessed on February 8, 2019.

Hospital Authority. Careers. Available from: http://www.ha.org.hk/visitor/ha_visi-
tor_index.asp?Content_ID=135092&Lang=ENG&Dimension=100&Parent_ID=2010.
Accessed on February 8, 2019.

33.

34.

N. Xing et al. / American Journal of Infection Control 47 (2019) 1302—1308

Chan SS, Leung DY, Leung AY, Lam C, Hung I, Chu D, et al. A nurse-delivered brief
health education intervention to improve pneumococcal vaccination rate among
older patients with chronic diseases: a cluster randomized controlled trial. Int ]
Nurs Stud 2015;52:317-24.

Census and Statistics Department, Hong Kong Special Administrative Region.
Gross domestic product (GDP), implicit price deflator of GDP and per capita GDP.
Available from: https://www.censtatd.gov.hk/hkstat/sub/sp250.jsp?table]D=030&
ID=0&productType=8. Accessed on January 15, 2019.

follow the instructions.

www.ajicjournal.org

Receive AJIC Table of Contents Via E-Mail

Get a first glance at the latest issue with a Table of Contents e-Alert.
Sign up through our website www.ajicjournal.org

Go to the FEATURES section on the home page, click on Register for Email Alerts and

Table of Contents Email Alerts are sent out when each new AJIC issue is posted to



http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0019
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0019
https://www.ha.org.hk/visitor/ha_visitor_text_index.asp?Parent_ID=10044&Content_ID=10045&Ver=TEXT
https://www.ha.org.hk/visitor/ha_visitor_text_index.asp?Parent_ID=10044&Content_ID=10045&Ver=TEXT
http://www.ha.org.hk/visitor/ha_visitor_index.asp?Content_ID=135092&Lang=ENG&Dimension=100&Parent_ID=2010
http://www.ha.org.hk/visitor/ha_visitor_index.asp?Content_ID=135092&Lang=ENG&Dimension=100&Parent_ID=2010
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0020
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0020
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0020
http://refhub.elsevier.com/S0196-6553(19)30522-X/sbref0020
https://www.censtatd.gov.hk/hkstat/sub/sp250.jsp?tableID=030&ID=0&productType=8
https://www.censtatd.gov.hk/hkstat/sub/sp250.jsp?tableID=030&ID=0&productType=8

	Standing orders program of pneumococcal vaccination for hospitalized elderly patients in Hong Kong: A cost-effectiveness analysis
	Background
	Methods
	Model design
	Clinical inputs
	Utility and cost inputs
	Cost-effectiveness and sensitivity analyses

	Results
	Base-case analysis
	Sensitivity analysis

	Discussion
	Conclusions
	References


