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BACKGROUND: Influenza is common in children. Children with asthma are under-

immunized. The Centers for Disease Control recommends immunization in an

acute-care hospital setting.

OBJECTIVE: The purpose of this study was to determine the potential clinical

benefit and cost savings of delivering influenza vaccination to hospitalized chil-

dren with asthma.

DESIGN: The study was designed as a decision and cost-effectiveness analyses. A

decision tree was constructed to represent an intervention to assess and deliver

influenza vaccinations to hospitalized pediatric patients with asthma. A literature

survey provided estimates for the decision tree assumptions. In the decision anal-

ysis, various rates of screening for influenza vaccine status were investigated to

determine the effects on final up-to-date (UTD) status in a hypothetical cohort.

The cost-effectiveness analysis was used to determine potential cost savings

resulting from the modeled increase in UTD status.

MEASUREMENTS: The percentage of children ultimately becoming UTD, direct

and indirect costs, and cost savings of the intervention were measured.

RESULTS: With existing data showing that only 29% of asthmatics receive the

influenza vaccine in a given year, our decision analysis demonstrated that even

modest increases in the screening rate for influenza vaccine status among hospi-

talized patients with asthma can result in clinically significant increases in UTD

status. For example, screening just 20% of those with asthma who are hospita-

lized would result in 35% ultimately being UTD for that influenza season; and

100% screening would result in 59% being UTD. The cost savings for this inter-

vention would be $5.45/child assessed and $9.19/child vaccinated. Sensitivity

analysis demonstrated the results to be robust and generalizable.

CONCLUSIONS: An intervention to improve the assessment and delivery of influ-

enza vaccination to hospitalized pediatric asthmatics would improve clinical out-

comes and result in cost savings. Journal of Hospital Medicine 2008;3:134–141.
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I nfluenza is estimated to infect up to 40%-54% of school-age
children during an influenza season.1,2 Influenza infections

result in missed school days, visits to primary care providers,
prescriptions for antibiotics, hospitalizations, and secondary
infections.3–10 Although influenza-related mortality of pediatric
patients is rare, influenza-related morbidity of children and
those secondarily infected is common and partially prevent-
able.11
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For at-risk individuals, immunization against
influenza is the best method of preventing mor-
bidity. The Centers for Disease Control’s Advisory
Committee on Immunization Practice (CDC/ACIP)
considers children with asthma at high risk of
morbidity from influenza and since 1964 has
recommended delivery of inactivated influenza
vaccination to this population of patients. Even
with this recommendation, the current level of ad-
herence to yearly influenza vaccination of children
with asthma is approximately 29%, according to
the CDC analysis of the National Health Interview
Survey.12 Although pediatric providers may prefer
to provide preventive care in an ambulatory set-
ting, the CDC/ACIP emphasizes the need for vac-
cination delivery wherever possible, including in
acute-care hospitals.11 Particularly in an acute-
care setting, vaccinating patients who are having
an exacerbation of their asthma and who may
have a compromised immune response may raise
concerns. However, the vaccine has been shown
to be efficacious even with pediatric asthmatics
on a short course of corticosteroids.13,14 Utiliza-
tion of the inpatient visit as an opportunity to
implement evidence-based preventive care to pe-
diatric asthmatics could have a beneficial effect
on patient outcomes. Group-based settings
(school or health fair) are more cost effective than

individual-initiated settings (primary care) for
influenza vaccination of pediatric patients.15 How-
ever, we found no studies investigating the effec-
tiveness of vaccinating high-risk patients in an
acute-care setting.

This study used established modeling tech-
niques (decision and cost-effectiveness analyses)
to determine the potential clinical and cost bene-
fits of vaccinating children against influenza dur-
ing an asthma exacerbation in an acute-care
setting. We used decision analysis to determine
the effectiveness of the intervention in improving
the up-to-date (UTD) status of a hypothetical
population. Based on this improvement in vacci-
nation delivery, we completed a cost-effectiveness
analysis to determine direct and indirect costs,
improvement in clinical outcomes attributable to
influenza (clinic visits, antibiotic use, hospitaliza-
tion, and secondary infections), and cost savings
attributable to the intervention.

METHODS
Decision Analysis
We generated a decision tree to represent an inpa-
tient intervention to assess and deliver influenza
vaccination to children with asthma in acute-care
hospitals (Fig. 1). The design of the decision tree

FIGURE 1. Decision tree for an inpatient influenza immunization assessment and delivery program for children with asthma.
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intentionally began with a decision node in order
to introduce different assessment rates. This
approach was used in order to accurately repre-
sent an inpatient intervention (where 100% assess-
ment is not always attained) and to assess how
less-than-perfect rates of assessment of influenza
vaccine status would affect the success of the
intervention. Once the decision tree was created,
we surveyed the literature to obtain data on the
assumptions of the decision tree (See Table 1 for
assumptions of decision analysis with corres-
ponding numbering in Figure 1 Decision Tree)
including percentage of children with asthma who
receive the influenza vaccine (29%),12 percentages
of patients and caregivers who would agree to be
vaccinated in an acute-care settings (71%),16 and
rates of response to vaccine reminder recall sys-
tems in a primary care setting (30%)17 in order to
account for populations that need a second dose
of vaccine to become UTD. To estimate the per-
centage of children who would require a second
vaccination at 4 weeks, we utilized the Healthcare
Cost and Utilization Project Kids Inpatient Data-
base (HCUP KID).18 Seventy-three percent of chil-
dren younger than 9 years old in the HCUP KID
were discharged with a diagnosis of asthma. These
patients would require a second vaccination after
4 weeks if they had not previously been immu-
nized. After all the estimates were placed in the

decision tree, a hypothetical cohort of children
with asthma was introduced, and improvement in
UTD status after the intervention was determined.

Cost-Effectiveness Analysis
The purpose of the cost-effectiveness analysis was
to evaluate potential cost savings attributable to
improvement in vaccination delivery (UTD status).
Direct and indirect costs were obtained by review
of the current published literature pertaining to
costs of influenza and influenza vaccination. The
key assumptions for the cost-effectiveness analysis
are present in Table 1.

Vaccine Efficacy and Cost
Studies of influenza vaccine efficacy in those with
asthma have had widely variable results on clini-
cal outcomes.19–23 Therefore, for the purpose of
these analyses, we used a best-case, worst-case,
base-case vaccine efficacy approach as previously
described.15 The vaccine efficacy base case was
estimated as 56%, best case as 75%, and worst
case as 43%. The primary cost-effectiveness analy-
sis was performed with the base-case efficacy.
Sensitivity analysis was performed by varying the
vaccine efficacy between worst-case efficacy and
best-case efficacy in order to determine effects on
clinical outcomes and cost savings.

We determined the cost associated with vacci-
nation assessment and delivery. Cost of only
assessing a patient for vaccination without deliv-
ery was calculated as $5.32 on the basis of the
assumption that a registered nurse (RN) would
print a form (2 minutes), ask screening questions
and wait for replies (5 minutes), and fax the form/
order to the pharmacy and/or place it in the
medical record (1 minute) at an RN salary of
$40/hour. Assessment and administration of the
vaccination was assumed to cost $18.84. This was
based on additional nursing time of 10 minutes (1
minute to check arrival of the vaccination, 2 min-
utes to prepare it, 5 minutes to inject and dispose
of it, and 1 minute to record delivery of the vacci-
nation in the medical record) plus the cost of the
vaccine (estimated as $6.75)24 and related supplies
(estimated as $0.67 for the safety syringe, $0.01 for
cotton balls, $0.01 for alcohol preps, and $0.065
for rubber gloves).25 The cost of vaccine and sup-
plies was determined by reviewing pharmaceutical
reference books and medical equipment billing
Web sites. The indirect cost of delivery of the sec-

TABLE 1
Key Assumptions for the Model

Reference

Decision analysis

1. Percentage of asthmatics UTD with influenza vaccination

without increased inpatient assessment

29% 12

2. Percentage of caregivers who agree with vaccination in an

acute-care setting

71% 16

3. Percentage of asthma exacerbation discharges <9 years old 73% 18

4. Percentage of caregivers who respond to reminder-recall

systems for outpatient vaccination

30% 17

Cost-effectiveness analysis

5. Prevalence of influenza in school-age children over 1 season 45% 1

6. Vaccine efficacy 15

Best case 43%

Base case 56%

Worst case 75%

7. Risk of secondary transmission 18% 31,32

8. Missed school days (per child per year) attributed to

influenza

0.79 29,30

9. Percentage of caregivers who miss work to care for

sick child

53% 6
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ond vaccination in the outpatient setting to
patients requiring 2 shots to become UTD was
3 hours of missed work per caregiver.

Influenza Prevalence and Morbidity
The prevalence of influenza in school-age children
is estimated at 40%–54% among those not at high
risk during influenza season.1 For this analysis we
used 45%. Morbidity associated with influenza has
been estimated as 120–200 clinic visits and 65–140
antibiotic prescriptions per 1000 children per
year.9 This analysis used 150 clinic visits and 100
antibiotic prescriptions per 1000 children. The
rate of hospitalization for influenza of high-risk
children per 100,000 is 1900 for those aged 0-11
months, 800 for those aged 1–2 years, 320 for
those aged 3–4 years, and 92 for those aged 5–14
years.8,11 The risk of hospitalization for the mod-
el’s hypothetical cohort was age-adjusted using
the age distribution found in the HCUP KID for
children discharged with a primary diagnosis of
asthma. The age distribution of children in the
HCUP KID was 34% were 1–2 years, 15% were 3–4
years, and 51% were 5–14 years.18 Children aged
0–11 months were excluded because of the low
likelihood that this age group was at risk for
influenza complicated by asthma. The age-
adjusted risk for the hypothetical cohort in this
analysis was 360 hospitalizations/100,000 children.

To investigate the effect of year-to-year varia-
tion in influenza prevalence and morbidity, the
lowest and then highest estimates for these meas-
ures from previous studies were used in the model
to determine the effect on the outcomes of cost
per vaccination and cost per assessment. During
this analysis all the measures were simultaneously
entered at their lowest estimates to simulate a less
active influenza season and then at their highest
estimates to simulate a more active influenza sea-
son. The lowest and highest estimates of these
assumptions were: influenza prevalence, 31% and
54%3; number of clinic visits, 120 to 200 per 1000
children8; and number of antibiotic prescriptions,
65 to 140 per 1000 children.8 No range was found
in the literature for risk of hospitalization. There-
fore, the standard 25% decrease and 25% increase
were used as the lowest and highest estimates.
The results of this analysis demonstrated the
range of cost savings per year based on the preva-
lence and morbidity of influenza.

Direct and Indirect Cost of Influenza
Cost data were collected from multiple studies
and inflated to 2006 dollars using the Bureau of
Labor Statistics consumer price index for medical
care and medical care services.26 The costs of a
clinic visit and antibiotic prescription were
assumed to be $5127 and $9.91,28 which were
inflated to 2006 dollars: $70.09 and $13.76, respec-
tively. Used as the mean cost for hospitalization in
this analysis ($15,2695) was the more conservative
estimate from 2 recent articles on determining the
cost of hospitalization of high-risk pediatric
patients with influenza-related illness.4,5 Number
of school days missed by children attributed to
influenza has been previously established as 0.79
days per child per year.29,30 The cost of a caregiver
missing work to care for a child was assumed to
be the median hourly wage of a child care pro-
vider according to the Bureau of Labor and Statis-
tics 2005, which was $9.47/hour, or $9.94/hour in
2006 dollars. The model assumed that there was a
53% chance that a caregiver would need to miss
work for a sick child.6 In addition, there was a risk
of secondary transmission of 18%31,32 to an aver-
age of 1.72 adults (percentage of 2-parent house-
holds 5 72%15). The cost of an adult secondary
infection was $65.25, inflated to $99.49 in 2006
dollars. The estimate for the cost of a secondary
infection was derived from a article by Nichol
et al., who investigated the cost of influenza for
healthy working adults.33 The total savings per
vaccination of a healthy working adult was esti-
mated as $46.85. This estimate included $10, the
cost of the vaccination; $0.69, the cost of the side
effects of the vaccine; and $7.71, the cost of miss-
ing work in order to receive the vaccination. A
secondary case of influenza would be prevented
without incurring these additional costs of vacci-
nation, and therefore $65.25 (inflated to $99.49)
was used in this analysis.

RESULTS
With existing data showing that only 29% of those
with asthma are UTD on influenza vaccine in a
given year, our decision analysis demonstrated
that even modest increases in the rate of screen-
ing for influenza vaccine status among hospita-
lized patients with asthma can result in clinically
significant increases in the rate of vaccine delivery.
For example, screening of just 20% of hospitalized
patients with asthma would result in 35% of the
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children ultimately being up to date for that influ-
enza season, a 20% overall improvement. In the
same manner, a 40% assessment rate would result
in 41% of children ultimately becoming UTD, a
60% assessment rate in 47% ultimately becoming
UTD, an 80% assessment rate in 53% ultimately
becoming UTD, and a 100% assessment in 59%
ultimately becoming UTD, which is double the
baseline rate (Table 2).

This cost analysis demonstrated cost savings
of $5.45 per child assessed and $9.19 per child
vaccinated (Table 3). The cost savings per child
assessed was lower than per child vaccinated
because of including the costs of assessment with-
out delivery of vaccination. This estimated savings
is lower than the previously published $34.79 per
vaccination of school-age children in a group set-
ting but more comparable to the cost savings of
$3.99 in an individual-initiated setting.15

The cost savings with this intervention
depends on the vaccine’s efficacy, and efficacy can
vary as a function of whether it is an epidemic
season and the degree of matching between the
prevalent influenza strains and the vaccine strains.
At higher predicted levels of vaccination efficacy,
UTD patients have improved, less negative out-
comes from influenza, and the intervention results
in higher cost savings (cost savings with base-case
vaccine efficacy of $5.45/child assessed increases
to $11.93/child assessed with best-case vaccine
efficacy). No current research accurately predicts
vaccine efficacy for each outcome in pediatric
patients with asthma. Therefore, this study design
varied vaccine efficacy during sensitivity analyses
among 3 potential vaccine efficacy scenarios
(best-, base-, and worst-case scenarios).15 Varying
the vaccine efficacy to the best-case scenario
resulted in a cost savings of $11.93 per child
assessed and $20.13 per child vaccinated. Drop-
ping the efficacy to the worst-case scenario
resulted in cost savings of $1.01 per child assessed
and $1.71 per child vaccinated. If the vaccine effi-
cacy was 40%, the intervention was cost neutral. It
should be remembered that the goal of the health
care system is to generate good health. A project
that is cost neutral (cost of vaccination interven-
tion 5 cost savings from illness prevention), such
as this intervention with a vaccine efficacy of 40%,
may still be considered cost effective because of
the improvement in clinical outcomes. At a vac-
cine efficacy of 40%, this model predicts that
clinic visits will decrease by 19/1000 children,

unwarranted antibiotics will decrease by 12/1000
children, hospitalizations will decrease by 4/
10,000 children, and secondary infections of adult
caregivers will decrease by 17/1000 children,
suggesting an overall benefit to the health care
system and to patients.

The clinical improvement predicted by this
model with base-case vaccine efficacy and 100%
assessment include: a decrease in clinic visits of
27/1000 children, decrease in antibiotic use of 75/
1000 children, decrease in hospitalizations of 6/
10,000 children, decrease in missed school days of
132/1000 children, and a decrease in secondary
infections of adult caregivers of 23/1000 children
assessed.

The total cost of vaccination in this interven-
tion was estimated as $10,593 per 1000 children. A
hospital that discharges fewer than 1000 children
with asthma per year would accrue less direct cost
yearly with this intervention ($1059 per 100 chil-
dren). A portion of this cost could be recuperated
through reimbursement for influenza vaccination
via insurance payers and/or government programs
to reimburse for childhood vaccinations.

The results from the investigation into the
effect of year-to-year variation in influenza preva-
lence and morbidity (by using the lowest and
highest estimates found in the literature) demon-
strated the model to be sensitive to these esti-
mates, but the intervention maintained a cost
savings. In a year with low influenza prevalence
and morbidity, the cost savings decreases to $1.89

TABLE 2
Percentage of Hospital Cohort Assessed for Influenza Vaccination,
Predicted Number of Vaccinations Delivered by Intervention, and
Resulting Percentage of Patients in Cohort UTD

Percent assessment

Vaccinations delivered

(per 1000 patients)

Postintervention

UTD

No increased assessment None inpatient 29%

10% 59 32%

20% 119 35%

30% 178 38%

40% 237 41%

50% 252 44%

60% 356 47%

70% 415 50%

80% 475 53%

90% 534 56%

100% 593 59%

UTD, up to date.
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per child assessed and $3.20 per child vaccinated.
In a year with high influenza prevalence and
morbidity, the cost savings would increase to
$8.75 per child assessed and $14.77 per child
vaccinated. This finding of cost savings even with
low influenza prevalence and morbidity is consist-
ent with previous studies of influenza vaccination
of pediatric patients in group-based settings.15

For all other estimates, traditional sensitivity
analysis was performed, and the results continued
to show cost savings during this procedure, sug-
gesting that the conclusions based on this model
are generalizable and robust.

DISCUSSION
Universal screening for influenza vaccine status
and then delivery of the vaccine to those not UTD
among hospitalized children with asthma has the
potential to increase the percentage of these chil-
dren receiving the influenza vaccine and to reduce
costs. This model suggests that with 100% assess-
ment of this difficult-to-reach population for
being UTD with the influenza vaccine, it would be
possible to achieve a vaccination rate of 59%, dou-
bling the current yearly receipt of influenza vacci-
nation of children admitted secondary to asthma.
However, universal screening is not imperative to
achieve significant clinical improvement and cost
savings. The cost-effectiveness analysis demon-
strated that the cost savings would be $5.45 per
child assessed and $9.19 per child vaccinated.

The cost savings in this analysis ($9.19/child
vaccinated) is favorable but lower than a previous
analysis of influenza vaccination of children in an
unspecified group-based setting ($34.79/child vac-
cinated).15 Multiple factors contributed to our
lower cost savings. First, our model accounts for
the cost of children becoming partially vaccinated,
incurring the full cost for 1 vaccination without
the resulting clinical benefit. Second, the model
accommodates for nursing assessment without
vaccination delivery. Most importantly, this model

estimates direct cost of vaccination delivery more
conservatively than other group-based estimates
($18.84 vs. $4.31).15 Previous cost-effective analy-
ses of influenza vaccination referenced 2 articles
from the mid-1990s that used a direct cost for 1
vaccination of $4 for group-based vaccination in
an HMO34 and $10 for individual-initiated vacci-
nation.33 Our estimate of vaccine cost is more
conservative than these studies but more likely to
represent the cost of vaccination assessment and
delivery in an acute-care hospital setting.

As the model was created, it became apparent
that vaccination in the inpatient setting would
accrue less indirect costs as compared with an
individual-initiated outpatient setting. This is a
result of there not being any incrementally
increased loss of work by the family/caregiver in
order to be vaccinated above that lost because of
hospitalization of the child for asthma. This find-
ing supports that there is cost savings by vaccinat-
ing pediatric patients while hospitalized and is
consistent with previous literature on this sub-
ject.15

The use of modeling techniques to evaluate
inpatient interventions has many benefits. Model-
ing techniques permit the generation of ‘‘synthetic
trials’’ by utilizing the combined published data
from multiple studies. This permits the investiga-
tor to apply findings to other populations with dif-
ferent risks or prognoses and to other settings, to
extend the impact over time, and to display multi-
ple outcomes together. This technique has the
potential to be used in investigations of the theo-
retical benefit of a specific quality improvement
intervention in an inpatient setting without the
extensive cost of a clinical trial. In fact, prelimi-
nary analysis with modeling could improve the
cost efficiency of quality improvement research.
Modeling studies could demonstrate which inter-
ventions are most likely to generate cost savings
and direct clinical investigation and funding.

Limitations of this project included the possi-
bility of vaccine efficacy changing from year to

TABLE 3
Direct and Indirect Cost Savings of the Intervention to Increase Assessment and Delivery of Influenza Vaccination Compared with No Increased
Assessment of Influenza Vaccination ($/Child Assessed)

Direct cost of influenza Indirect cost of influenza Cost of inpatient vaccination Total Savings

No increased assessment $56.48 $39.51 $ 0 $95.99 Base

Intervention to increase assessment $45.24 $31.64 $13.66 $90.54 $5.45
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year depending on the similarity of the viruses in
the vaccine with the predominant infectious
strains circulating that year, as observed in previ-
ous studies.11 In a year with a poor match, the cost
savings would be reduced compared with that in
years with a good match. In addition, influenza
prevalence and morbidity affects this model and
the cost savings of the intervention, but the analy-
sis using the lowest estimates of prevalence and
morbidity continued to demonstrate that the inter-
vention was saving costs. This continued cost sav-
ings for a group-based vaccination intervention
during years when there is low prevalence and
morbidity is consistent with previous reports in the
literature for pediatric patients.15 Modeling tech-
niques decrease the effect of year-to-year variation
in vaccination match, prevalence, and morbidity
and estimate results based on an average over mul-
tiple influenza seasons.

For children with asthma, the data are not
well established about influenza vaccination’s abil-
ity to improve specific clinical outcomes attribu-
ted to influenza illness (missed school days, clinic
visits, antibiotic prescriptions, hospitalizations,
and secondary infections). Acknowledging the lim-
itations of these data, our model estimates the
intervention’s improvement in clinical outcomes
by using published data on vaccine efficacy and
varying the vaccine efficacy from worst case to
base case to best case. In addition, with a vaccine
efficacy of 40%, this intervention would be cost
neutral. Regardless of concerns about vaccine effi-
cacy, the CDC/ACIP recommends finding missed
opportunities for vaccination to improve vaccina-
tion delivery and the ultimate UTD status of high-
risk children. Recently, the CDC/ACIP stated that
‘‘influenza vaccination coverage among children
with asthma is inadequate’’ and that ‘‘opportu-
nities for vaccination during health-care provider
visits likely are being missed.’’12 This intervention
to assess and deliver influenza vaccination to pe-
diatric patients while hospitalized for an asthma
exacerbation would allow all hospitals that treat
children to participate in reaching the goal of the
CDC/ACIP to reduce missed opportunities for
influenza vaccination.

The direct cost of inpatient vaccination in this
intervention would fall primarily on the hospital
implementing the intervention ($10,593 per 1000
children). However, the Vaccines for Children pro-
gram exists to offset the cost of immunizations to
both patients and providers for the uninsured and

children receiving Medicaid.11 If properly imple-
mented by participating hospitals, this program
would improve reimbursement for vaccination
and therefore shift the cost away from the indivi-
dual hospital. For example, if the intervention cost
borne by a hospital were decreased by the direct
cost of vaccination alone ($6.75), this model pre-
dicts the cost of a program per 1000 children
would decrease from $10,593 to $7190. This cost
reduction would depend on the percentage of
patients uninsured or on Medicaid at a given hos-
pital. Another approach to shifting cost from indi-
vidual hospitals would be for policy makers to
consider influenza vaccination of these high-risk
pediatric patients as a performance/quality mea-
sure and associate the measure with improved
reimbursement to hospitals in order to compen-
sate for the cost of the vaccination intervention.

CONCLUSIONS
Influenza immunization is an accepted method of
prevention and is underutilized in children with
asthma.12 This model suggests that an inpatient
program to deliver influenza vaccination to hospi-
talized pediatric patients with asthma would be
beneficial by producing better health outcomes
and reducing health care costs. Further research
should be performed to verify the assumptions
used in this analysis for children with asthma.
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