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OBJECTIVE: Trivalent inactivated influenza vaccine has been shown to reduce the

number of influenza-related outpatient visits and hospitalizations of children up to 24

months of age. The American Academy of Pediatrics, Centers for Disease Control, and

Advisory Committee on Immunization Practices recommend that the influenza vac-

cine be administered to the first-person contacts of infants less than 6 months of age.

However, the economic implications of increasing immunization rates by using the

neonatal intensive care unit (NICU) as an arena to capture the parents of these infants

has not been fully evaluated. We sought to examine the direct and indirect costs of a

program to administer the influenza vaccine to parents in the NICUs of a cohort of

tertiary-care units primarily serving a low socioeconomic population.

METHODS: The probabilities of infants being hospitalized because of infection from

contact and of the efficacy of prophylaxis used in the present study were based on

published results where possible, with an estimated 10% reduction in hospitaliza-

tion of patients whose parents had received the vaccine. Variables in the 3- and

4-tiered analyses included chronic lung disease status, estimation if patients had

siblings, vaccination status of siblings, seroconversion rate of vaccine, and parental

vaccination status. Two thousand six hundred and thirty-two patients were ana-

lyzed using 2003 admission data from the New York City Regional Perinatal Center,

which encompasses 11 level III NICUs. Hospitalization costs, indirect costs, and

outpatient costs were assessed using previously published standard calculations.

RESULTS: On the basis of this computer model, costs were $188 per patient per

influenza season, including $6.80 per patient in outpatient costs. Administration of an

NICU-based influenza vaccine increased costs to $200 per patient per influenza

season, but decreased outpatient costs to $1.40 per patient. For cost savings to equal

costs of vaccine administration, there must be either a 20% reduction in influenza

hospitalizations of NICU patients or an increase in the sample size per influenza

season to 4000 patients.

CONCLUSIONS: The cost of administration of the influenza vaccine to parents of

NICU patients is higher than the financial burden of influenza in this population

as long as the sibling immunization rate remains low. Cost savings do not occur

until the treated cohort increases to 4000 patients or the incidence of lung disease

in this population increases. Further studies are needed to validate the cost savings

of this mode and more accurately assess the financial savings. Journal of Hospital

Medicine 2007;2:158–164. © 2007 Society of Hospital Medicine.
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Influenza is a common infectious agent in the pediatric popula-
tion, infecting 15% to 42% of preschool children, with a fatality

rate of 3.8 per 100,000.1–3 Those with underlying respiratory and
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cardiac disease are more likely to require hospital-
ization and more susceptible to morbidity from the
disease.4 –7 Trivalent inactivated influenza vaccine
is a safe, cost-effective method of preventing influ-
enza in children, with a seroconversion rate of up to
89%.8 –10 Both the American Academy of Pediatrics
and the Advisory Committee on Immunization
Practices recommend that the influenza vaccine be
administered to household contacts and out-of-
home caretakers of infants up to 6 months of age.11

Also included in this high-risk category are children
with chronic respiratory and cardiac disease.8

The immunization rate in the indicated pediat-
ric population ranges from 9% to 22%.12 Because
most adults who meet eligible criteria are not vac-
cinated, it has been proposed that the NICU begin
to administer the influenza vaccine to parents of
high-risk infants, eliminating commonly encoun-
tered obstacles to vaccine administration and pre-
venting infection in these close contacts of infants,
who likely serve as infectious agents of disease in
the infants.13,14

Yet the cost of instituting such a program re-
mains a concern, especially given the recent short-
ages of the inactivated influenza vaccine, which
have increased cost.15 The economic implications
of instituting an inactivated influenza vaccination
program for parents of patients in the NICU have
not been fully evaluated. Given that upwards of
40,000 premature infants are admitted to intensive
care units each year, an examination of cost savings
is critical prior to implementing such a program.16

METHODS
Data and Assumptions
A 3- and 4-tiered computer model (with the tiers
reflecting the variables presence of lung disease,
having siblings, and sibling immunization status
and the fourth tier reflecting parental immuniza-
tion in the NICU as a function of the immunization
program) assessing influenza vaccination status of
parents of a cohort of 2632 patients admitted to the
New York Regional Perinatal Center NICU during
the influenza season of 2003-2004 was constructed
using the viewpoint of a large multinetwork medi-
cal center predominantly serving a lower socioeco-
nomic status population. The likelihood of influ-
enza infection of an infant, the need for infant
hospitalization, subsequent length of stay, and the
need for the patient to have outpatient physician
visits were based on the following clinical variables:
lung disease in the infant (defined as a 28-day-old

patient whose birth weight was less than 1500 g
being oxygen dependent); having school-age sib-
lings, sibling vaccination status; parental vaccina-
tion status; and parental compliance. Variables of
the model were based on published results when
possible. For the purposes of this model, we as-
sumed a 10% reduction in influenza infectivity for
parents of children who were immunized in the
absence of other confounders based on the risk of
needing medical attention of children less than 6
months old for documented influenza with paren-
tal vaccination in the 9 states that make up the
Emerging Infections Program Network of the Cen-
ters for Disease Control.17–19 Infected patients
younger than 6 months of age were also pro-
grammed to have a 10% chance of an outpatient
hospitalization visit. No deaths were introduced in
the cohort. An outline of the different groups into
which patients were classified (before and after the
influenza vaccination campaign) is outlined in Fig-
ure 1.

Direct Costs
Medical Costs
The average wholesale cost of a dose of influenza
vaccine including administration was $15.20 Each
parent received 1 dose of influenza vaccine admin-
istered during the influenza season (the 5 months
from October thru February). In our model, the
vaccine is administered by nurses, physicians, or
physician-extenders in a neonatal intensive care
unit and thus does not require increased personnel
to support the program. Hence, no increased costs
were included for administration of the vaccine.

Siblings were not offered immunization in the
NICU program. Most NICUs do not allow children
younger than 13 years to visit during influenza and
respiratory syncytial virus season to prevent infec-
tion of newborns. Immunization of younger sib-
lings requires prior knowledge of their vaccination
status, as those previously immunized require 1
dose of vaccine, whereas those less than 9 years old
not immunized require 2 doses scheduled 1 month
apart. As this was considered logistically difficult for
a high-acuity NICU, sibling immunization was de-
ferred to that sibling’s primary medical doctor, a
policy consistent with that of the American Acad-
emy of Pediatrics Medical Home Initiative.

Infant Hospitalization for Influenza
Cost estimates were obtained from published data
on the length of stay of infants with respiratory
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disease.21 In this series the average length of stay of
former NICU patients with low socioeconomic sta-
tus hospitalized for influenza was 4.5 � 4 days.
Average hospital costs were estimated as $1508/
day.22,23 No intensive care unit days were factored
into the current cost model. Hospitalization costs
for each group were estimated by (number of in-
fants in each group from the New York Regional
Perinatal Center 2004 Database � hospitalization
rate of each group � number of days hospitalized
� $1508/day). This estimation technique was pre-
viously validated and used.21

Intensive care unit cost was estimated as 2.5

times the cost of nonintensive care ($3770/day).
Intensive care hospitalization for influenza is diffi-
cult to measure, as it correlates with bacterial su-
perinfection, which has an incidence of 0.5/10,000
patients with documented influenza.5 However, in
another study, ICU hospitalization of infected pa-
tients was 0.5%, which would translate to 13 pa-
tients in the studied group.18 The length of ICU stay
was 1 day, and by univariate analysis, bacterial
coinfection was again the highest predictor of ICU
admission. These patients were admitted because
positive results of outpatient blood cultures, signs
of shock, and influenza were noted until several
days into the hospitalization and may have been
nosocomial in origin.18 Thus, costs are reported in
the tables without intensive care unit stays for the
13 patients who may have required them in the
model. But to acknowledge the role ICU admission
plays in deferring costs, 2 cost-estimate graphs
were generated, 1 including ICU admission.

Outpatient Costs
For patients in each cohort who were unprotected
from influenza because of parental or sibling im-
munization, a 10% increase in the number of out-
patient medical visits was considered. Outpatient
costs were tallied on the basis of average general
pediatrician’s salary of $68/hour.23 Duration of out-
patient visits was estimated as 20 minutes with no
accounting for extra nursing time. Hence, tallies
were made by (number of unprotected infants
� 10% � 20 minutes/visit � $68/hour � 1 hour/60
minutes). As 3% of actual cases of influenza in the
group of those less than 6 months old can be mis-
diagnosed as clinical bacterial pneumonia, pre-
scription costs were estimated as $3.20 for a 7-day
course of generic amoxicillin, which was the only
prescribed antibiotic considered.

Indirect Costs
For each outpatient office visit, we used the cost-
estimation scheme outlined by Yount et al.20. We
assumed that 1 parent accompanied the infant and
3 hours of lost work should be accounted for. Using
the U.S. Bureau of Labor and Statistics 2002 average
wage of $17/hour, lost wages for each extra outpa-
tient visits were tabulated by (number of extra MD
visits per group � 3 hours � $17/hour).24 No travel
or transportation costs were considered.

FIGURE 1. Six analysis groups before and after implementation of the

NICU-based influenza campaign
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Hospitalization
For each hospitalization, we assumed 1 parent
stayed with an infant at bedside during the infant’s
inpatient stay. We calculated the average length of
stay for patients with lung disease as 8 days and for
those without lung disease as 4.5 days. Calculations
were obtained using the following formula: (num-
ber of infants in each group from the New York
Regional Perinatal Center 2004 Database � hospi-
talization rate of each group � number of days
hospitalized � $17/hour � 8 work hours/day � 5/7
workdays/week).

Sensitivity Analysis
We evaluated the sensitivity of the model to varia-
tions in the assumptions made. We varied the sib-
ling immunization rate from 12% to 17% and the
reduction in hospitalization for parents who re-
ceived influenza vaccine from 10% to 20%. A sum-
mary of variables used in the analysis is included in
Table 1.

RESULTS
Influenza Costs Prior to Implementation of NICU-Based
Parental Vaccination
Direct and indirect costs of influenza hospitaliza-
tion of the NICU graduates are summarized in Ta-
ble 2. The total per-patient cost of influenza vacci-
nation obtained in the NICU for the 2632 patients
in the source data 1 one season was $181.20. NICU
patients with lung disease and siblings who were
not protected from or immunized for influenza
demonstrated the greatest per capita inpatient cost,
$1925/patient. Vaccination of patients without lung
disease who had no siblings cost $51, the same
amount that it cost to vaccinate patients without
lung disease who had vaccinated siblings.

Outpatient costs of influenza hospitalization
based on source data revealed summarized costs
for 1 season of $6.80/patient. This reflected 245
excess primary care visits at a total cost of $5569.20.
The cost of excess prescriptions of the antibiotic
amoxicillin because of misdiagnoses. Indirect costs
secondary to parent lost work hours while attend-
ing to their infants in the hospital totaled
$12,530.70. Thus, the total cost of influenza in the
source population for 1 season including inpatient,
outpatient, direct, and indirect costs was $188/pa-
tient.

Influenza Costs after Implementation of an NICU-Based
Parental Vaccination Program
Direct and indirect costs of influenza hospitaliza-
tion for neonates with lung disease are summarized
in Table 3. The introduction of parental vaccination
decreased the per-patient cost in the cohort of pa-
tients with lung disease and unprotected siblings to
$1732 from $1925. This group showed the largest
cost savings compared with the costs for this group
prior to introduction of the campaign.

Direct and indirect costs of influenza hospital-
ization for infants without lung disease are summa-
rized in Table 4. The introduction of parental vac-
cination to disrupt the cycle of infectious
transmission to infant decreased per-patient costs
in patients whose parents and siblings received vac-
cinations to $45. This reduction of $6/patient was
the greatest savings among all the groups in the
cohort without lung disease.

Outpatient costs were reduced after the intro-
duction of the campaign to $1.40/patient, reflecting
the decrease in the number of outpatient visits from
245 to 51. Thus, the total cost of influenza in the
source population after the introduction of an
NICU-based parental vaccination campaign was
$200/patient. The $193/patient savings in the lung
disease cohort with unprotected siblings ($1925 vs.
$1732) was not sufficient to cover the increased cost
of the vaccine. For this population of 2632 NICU
patients, administration of NICU-based parental
influenza cost $12 extra/patient.

Financial Modeling Based on Source Data
Using the financial model, cost per patient was
determined using the same estimates of incidence
of the variables (ie, lung disease, siblings); only the
number of enrollees in the program was varied. The
relationship of cost per patient with number of

TABLE 1
Summary of Variables for Sensitivity Analysis

Compliance of parents offered influenza vaccine 89% (17)
Seroconversion rate of vaccine recipients 89% (17)
Percentage of siblings vaccinated 12% (12)
Excess PMD visits of infected patients 10% (7)
Hospitalization rate of lung disease patients without siblings 10% (7)
Hospitalization rate of lung disease patients with siblings 15% (7)
Length of hospitalization of Lung Disease patients 8 days (7)
Hospitalization rate of non–lung disease patients without

siblings 7/1000 (19)
Hospitalization rate of non–lung disease patients with siblings 19/1000 (19)
Length of hospitalization of non–lung disease patients 4.5 days (19)
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NICU patients is shown in Figure 2. Cost per patient
was zero at 4000 patients. Beyond that point, cost
savings occurred, increasing with number of NICU
admissions.

Estimating a 1-day ICU admission rate of 0.5%
at $3770/day reduces the required patient popula-
tion for costs/patient to zero. This occurs at 3700
patients. Initially there is no added benefit with ICU
admission, as the overall patient population is not
large enough to support a significant ICU burden.
As the population increases to 3000 patients, cost
savings begin.

The relationship of variable immunization rates
in siblings of the 2632 NICU patients in the source
data is presented in Figure 3. Cost savings were not
achieved until 37% of siblings had been immu-
nized. A steep reduction in cost was seen as the
immunization rate of siblings increased in the co-
hort. Marginal cost effectiveness was also increased
in sibling immunization, meaning greater cost sav-
ings is achieved by immunizing a sibling of a high-
risk infant than by immunizing the parents, reflect-
ing that siblings are more likely than parents to be
vectors of disease in multichild households.

TABLE 2
Influenza Hospitalization Costs for the Neonatal Groups Prior to NICU-Based Influenza Campaign

Subgroup type Cost per patient ($) Direct costs ($) Indirect dosts ($)

Patients with lung disease whose siblings were protected 1284 10,857.60 699.42
Patients with lung disease whose siblings were unprotected 1925 142,958.40 9,170.29
Patients with lung disease without siblings 1284 63,939.20 4,118.85
Patients without lung disease whose siblings were protected 51 7,885.33 507.96
Patients without lung disease whose siblings were unprotected 137 179,347.19 11,553.25
Patients without lung disease without siblings 51 44,366.86 2,858.04

Shown are the total hospitalization costs of the 6 neonatal groups that we had defined prior to implementation of the NICU-based influenza campaign. As expected, on a per-patient basis, the cost was highest for

children with lung disease and unimmunized siblings, as they had the highest hospitalization rate and longest average length of stay of the low-income patients on which the source data was based.

TABLE 3
Influenza Hospitalization Costs for Neonatal Groups with Lung Disease after an NICU-Based Influenza Campaign

Subgroup type Cost/patient ($) Direct costs ($) Indirect costs ($)

Patients with lung disease with protected siblings/unprotected parents 1283 2412.80 154.49
Patients with lung disease with protected siblings/protected parents 1155 7600.32 486.66
Patients with lung disease with unprotected siblings/protected parents 1732 (Pre-1925) 102,604.32 6569.94
Patients with lung disease with unprotected siblings/unprotected parents 1925 28,953.60 1853.95
Patients with lung disease without siblings/with protected parents 1155 45,601.92 2919.97
Patients with lung disease without siblings/with unprotected parents 1283 13,270.40 849.73

Shown are the total hospitalization costs of the 6 neonatal groups of patients we defined as having lung disease after implementation of the NICU-based influenza campaign. On a per-patient basis, the greatest

savings were obtained for those children with lung disease whose siblings were not immunized siblings: $193 per patient ($1925 vs. $1732), in this cohort not enough to offset the cost of the immunization program.

TABLE 4
Influenza Hospitalization Costs for Neonatal Groups without Lung Disease after an NICU-Based Influenza Campaign

Subgroup type Cost/Patient ($) Direct Costs ($) Indirect Costs ($)

Patients without lung disease with protected siblings/unprotected parents 51 1662.57 106.45
Patients without lung disease with protected siblings/protected parents 45 (pre-51) 5600.48 256.30
Patients without lung disease with unprotected siblings/unprotected parents 137 37,261.92 2385.51
Patients without lung disease with unprotected siblings/protected parents 123 127,876.74 8168.97
Patients without lung disease without siblings/with protected parents 45 31,215.60 1998.79
Patients without lung disease without siblings/with unprotected parents 51 9215.38 586.60

Shown are the total hospitalization costs of the six neonatal groups we defined without lung disease after implementation of the NICU based influenza campaign. The greatest cost savings was seen in patients without

lung disease who has both parents and siblings protected from influenza via immunzation. Yet because of the infrequency of hospitalization in this group, the per-patient cost-savings was $6 ($45 vs $51).
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DISCUSSION
This is the first computer-based model of the cost
effectiveness of offering inactivated influenza vac-
cine to parents of patients in the NICU for the
purpose of preventing illness in their offspring.
Based on the source data, the study has demon-
strated that offering immunization to parents in the
NICU is not cost effective until the NICU popula-
tion covered is at least 4000 patients. Cost effective-
ness can also be reached in smaller populations by
increasing the level of sibling immunization. These
factors should be considered by public health spe-
cialists when mandating administration of influ-
enza vaccine to parents in the NICU setting.

Cost-effectiveness studies are limited by the
variables chosen, by hospitalization rates, and by
estimates made. Although we attempted to obtain
hospitalization rates based on previously validated,
published data, any variation in these rates will
alter the cost-savings model we constructed. For
variables affecting the infectivity of and hospitaliza-
tion for influenza, we chose lung disease, siblings
with immunization rate, and parental immuniza-
tion rate. Other variables, notably day care atten-
dance, were not believed to highly influence infec-
tions due to respiratory pathogens.18

Another potential source of error in construc-
tion of the model is calculation of indirect costs.
Although estimates of lost wages from work hours
spent while a patient is hospitalized were calculated
as an indirect cost, Leader et al. points out that
there are also indirect costs after hospitalization
secondary to increased outpatient physician sur-
veillance.25 Furthermore, our model based lost
wages on parents of patients earning an average
salary of $17/hour. However, our source data rep-
resented the Regional Perinatal Center, a consor-
tium of NICUs in New York City serving a primarily
uninsured, indigent population. Hence, these esti-
mates of lost wages may be overestimated.

Most cost-utility analysis studies are performed
to help compare public health policy policies across
medical disciplines. Most data on adults and on
children calculate the cost of quality-of-life-ad-
justed year. In our study no such calculations were
made because influenza was not thought to affect
life long term. In other words, quality of life was not
thought to be more likely to be affected by the
variables NICU admission and birth weight than by
the variable influenza infection, and these factors
were considered in estimating hospitalization rates.
Furthermore, because mortality from influenza is
roughly 1 of every 100,000 for children less than 6
months old, no patients in the source data would
have died, making quality-of-life-adjusted year dif-
ficult to factor.26

Given a limited amount of medical resources, it
is imperative to critically evaluate the economic
implications of any widespread public health strat-
egy. This cost analysis has demonstrated that the
benefits of sponsoring NICU-based immunization
programs for parents will remain low unless the
issue of sibling immunization is addressed or the
number of patients in the cohort increases to a
scale larger than any single traditional NICU may
provide.

FIGURE 2. Model-based estimates of cost savings per patient and number

of enrollees in NICU-based influenza vaccine administration programs. [Color

figure can be viewed in the online issue, which is available at www.

interscience.wiley.com.]

FIGURE 3. Model-based estimates of cost savings per patient versus sibling

immunization rate in NICU-based influenza vaccine administration programs.

[Color figure can be viewed in the online issue, which is available at www.

interscience.wiley.com.]
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