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Context.— Rotavirus is the most common cause of severe diarrhea in children,
and a live, oral vaccine may soon be licensed for prevention.

Objective.— To estimate the economic impact of a national rotavirus immuniza-
tion program in the United States.

Design.— Cost-effectiveness was analyzed from the perspectives of the health
care system and society. A decision tree used estimates of disease burden, costs,
vaccine coverage, efficacy, and price obtained from published and unpublished
sources.

Intervention.— The proposed vaccine would be administered to infants at ages
2, 4, and 6 months as part of the routine schedule of childhood immunizations.

Main Outcome Measures.— Total costs, outcomes prevented, and incremen-
tal cost-effectiveness.

Results.— A routine, universal rotavirus immunization program would prevent
1.08 million cases of diarrhea, avoiding 34 000 hospitalizations, 95 000 emergency
department visits, and 227 000 physician visits in the first 5 years of life. At $20 per
dose, the program would cost $289 million and realize a net loss of $107 million to
the health care system—$103 per case prevented. The program would provide a
net savings of $296 million to society. Threshold analysis identified a break-even
price per dose of $9 for the health care system and $51 for the societal perspec-
tive. Greater disease burden and greater vaccine efficacy and lower vaccine price
increased cost-effectiveness.

Conclusions.— A US rotavirus immunization program would be cost-effective
from the perspectives of society and the health care system, although the cost of
the immunization program would not be fully offset by the reduction in health care
cost of rotavirus diarrhea unless the price fell to $9 per dose.
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ROTAVIRUSisthemostcommoncause
ofseverediarrheaamongyoungchildren
intheUnitedStates.1,2 Inthefirst5years
of life, approximately 70% of children
willbecomeill fromrotavirusdiarrhea,3,4

1 in 8 will seek care from a physician,1

and about 1 in 78 will be hospitalized for
severe disease.1,5 Although rotavirus
causes few deaths in the United States,6
it has recently been estimated to cause
49 000 to 55 000 hospitalizations5,7 and
$564 million in direct medical costs an-
nually among children younger than 5
years.8 Live, oral vaccines against rota-
virus have been developed that are safe
and, when administered in 3 doses, pre-
vent 50% to 60% of rotavirus diarrhea
and 70% to 100% of severe, dehydrating
illness.9-14 The first live, orally adminis-
tered, tetravalent, human-rhesus reas-
sortant vaccine (RRV-TV) is currently
being reviewed by the Food and Drug
Administration for licensure.

In the United States, the decision to
implement a national rotavirus vaccine

program will be based largely on the ex-
pected reduction in severe and costly
disease outcomes, particularly hospital-
izations, as well as the predicted cost-
effectiveness of the program. A pre-
vious, preliminary study8 found that
a national rotavirus vaccine program
would yield a net savings of $79 million in
health care costs and a much larger sav-
ings, $466 million, from a societal per-
spective, given a vaccine price of $20 per
dose. However, in the 2 years since this
study was published, many of the esti-
mates used in that analysis, including
those for disease burden, vaccine effi-
cacy, and costs of care, have changed,
potentially affecting the projected cost-
effectiveness. Since this analysis may be
critical for policymaking, we have revis-
ited the cost-effectiveness study of a na-
tional rotavirusvaccineprogramandde-
veloped new estimates, incorporating
dataspecific tothefirstvaccineexpected
to be licensed.

METHODS
Study Design

We examined the impact of a rotavirus
immunization program in which rotavi-
rus vaccine, RRV-TV, would be admin-
istered orally in 3 doses in the first 6
months of life as part of a child’s routine
immunizations. The impact was mea-
sured as the decrease in the disease bur-
den and associated costs during the
child’s first 5 years of life, when most ro-
tavirus diarrhea occurs.2,5,15,16 This analy-
sis was applied to the hypothetical 1997
US birth cohort of 3.9 million children.17

A decision model was used to calculate
total costs, defined as the cost of a na-
tional rotavirus immunization program
minus the present value of costs attrib-
utable to rotavirus diarrhea that would
bepreventedbysuchaprogram.Wealso
estimated the number of adverse out-
comes(rotavirusdiarrhea,physicianand
emergency department visits, hospital-
izations, and deaths) prevented by such
a program. Finally, we calculated cost-
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effectiveness, ie, the ratio of the costs
divided by the number of cases of rota-
virus diarrhea prevented by an immuni-
zation program. Cost-effectiveness was
analyzed from 2 perspectives: (1) that of
the health care system, which includes
medical costs associated with rotavirus
diarrhea and cost of the immunization
program, and (2) that of society, which
also includes nonmedical costs, includ-
ing lost caregiver workdays and the lost
lifetime productivity of a child dying.

All costs are in 1996 dollars. Costs and
wages published before 1996 were up-
dated using the consumer price index
and nonfarm sector payroll index, re-
spectively (indices from the US Depart-
ment of Commerce, Bureau of Labor
Statistics). Disease costs and rotavirus
cases that would occur in the future (in
cost-effectiveness ratios) have been dis-
counted at an annual rate of 3%. Medical
costs of rotavirus cases occur over a 5-
year period according to the age-specific
incidence estimates for each outcome.
Productivity costs associated with rota-
virus mortality are estimated for the av-
erage life expectancy of a child younger
than 5 years.

Decision Analysis Model

We compared rotavirus disease out-
comes with and without an immuniza-
tion program by using a decision-tree
model with the SMLTREE decision
analysis software, version 2.99 (Roslyn,
NY: Jim Hollenberg; 1993) (Figure 1).
We analyzed the decision tree to deter-
mine the costs of the 2 options: vaccina-
tion at current levels of coverage for
diphtheria and tetanus toxoids and per-
tussis (DTP) and the current situation of
no immunization program. The vaccine
price,coverage,efficacy,diseaseburden,
medical costs, and discount rate used in
the decision tree were varied in sensi-
tivity analyses (Tables 1, 2, and 3).

Rotavirus Infection, Morbidity, and
Mortality Estimates

Single-year disease totals for children
younger than 5 years were summed to
provide 5-year cumulative totals for our
cohort followed up from birth to age 5
years after adjusting for differences in
size of birth cohorts. We chose a base-
case estimate of 70% for the cumulative
incidence of rotavirus diarrhea in the

first 5 years of life, using results of 2
prospective longitudinal studies, and a
range from 55% to 85% for sensitivity
analysis.3,4 These incidence rates are
consistentwiththosereported inthepla-
cebo groups of 2 of the 3 efficacy trials
conducted in the United States,10,13 but
the trials have not included children
younger than 6 months and older than 2
years, groups constituting 40% of the
severe cases.5 The longitudinal data also
avoid the biases inherent in estimating
the incidence from the placebo arm of a
vaccine trial.18-20

The numbers of physician and emer-
gency department visits and hospitaliza-
tions for rotavirus diarrhea were esti-
mated as the percentage of visits or
hospitalizations for diarrhea that could be
attributed to rotavirus (Table 2). In an
analysis of hospital discharge data from
1979 through 1992, Jin and colleagues7 es-
timated that 55 000 children aged 0 to 59
months were hospitalized each year for
rotavirus diarrhea and that these ac-
counted for 30% of all hospitalizations for
diarrhea in this age group. A more re-
cent analysis of National Hospital Dis-
charge Survey data from 1993 through
1995 shows a slight decline in estimated
rotavirus hospitalizations.5 We chose
50 000 hospitalizations per year as our
base-case estimate, for a cumulative risk
per child by age 5 years of 1.28% (ie, 1 in
78 children is hospitalized for rotavirus di-
arrhea by age 5 years), with a range of es-
timates from 30 000 hospitalizations per
year (1 in 130 children) to 70 000 (1 in 56
children). No reliable data exist on the na-
tional incidence of outpatient visits due to
rotavirus diarrhea. Since a smaller frac-
tion of mild vs severe episodes is due to
rotavirus,16,21 we estimated that 20% of
all physician visits for diarrhea were due
to rotavirus21,22 and used the method of
Jin and colleagues7 to determine diar-
rhea cases. Therefore, 372 000 of the 1.86
million physician office visits23 and 38 000
ofthe190 000hospitaloutpatientclinicvis-
its24 for diarrhea were attributed to rota-
virus. The cumulative incidence of outpa-
tientphysicianvisitsforrotavirusdiarrhea
would be 10.5% (1 in 9.5 children) during
the first 5 years of life. Similarly, we es-
timated that 20% of emergency depart-
ment visits for diarrhea were due to ro-
tavirus, providing a national estimate of
160 000 visits for rotavirus24 or a cumula-
tive incidence by age 5 years of 4.1% (1 in
24 children). For physician visits and
emergency department visits, we used a
range of 10% to 25% and 10% to 30% of all
diarrhea cases, respectively, in sensitiv-
ity analysis. Finally, about 20 deaths oc-
cur each year due to rotavirus diarrhea
among children younger than 5 years,1,6

for a cumulative incidence by age 5 years
of 0.000005 (1 in 195 000 children).
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Figure 1.—Decision tree for rotavirus immunization program in the United States. The current practice with
no vaccination is compared with a vaccination program in which rotavirus vaccine is included in a national
childhood immunization program.
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Incidence studies were reviewed to
determine the age distribution of dis-
ease during the first 5 years of life.3-6,25 In
a recent national study of hospitaliza-
tions coded as rotavirus diarrhea, 36% of
patients were younger than 1 year, 37%
were between ages 1 and 2 years, and
27% were between ages of 2 and 4 years.5
We applied this distribution to hospital-
izations. We estimated that 78% of
deaths occurred in the first year on the
basis of published data.6 For less severe
outcomes (mild diarrhea, physician vis-
its, and emergency department visits),
we used published studies of rotavirus
gastroenteritis to estimate that 25%,
36%, and 39% of the cases occur among
children younger than 1 year, between 1
and 2 years, and 2 to 4 years, respec-
tively.3,4,25

Vaccine Coverage and
Efficacy Estimates

Rotavirus vaccine coverage was an-
ticipated to equal rates for DTP cover-
agesincetherotavirusvaccinewill likely
be recommended to be administered
concurrently with DTP at 2, 4, and 6
months.26 In 1996, 61% of children in the
United States received 3 doses, 28% re-
ceived only 2 doses, 8% received only 1
dose, and 3% received no doses of DTP in
their first 6 months of life (Centers for
Disease Control and Prevention [CDC],
unpublished National Immunization
Survey data, 1996). By age 1 year, these
percentages become 88%, 7%, 3%, and
2%, respectively. We assumed that ro-
tavirus vaccination would be adminis-
tered only in the first 6 months of life,
and therefore, we used the 6-month data
for our base-case estimates. The upper
limit of the range of vaccine coverage
rates used in the sensitivity analysis
(90%, 5%, and 2% of children receiving 3,
2, and 1 dose by age 6 months, respec-
tively) reflects the national goal of the
National Immunization Program to
achieve higher coverage.27 The lower
limit of the range (30%, 14%, and 4% re-
ceiving 3, 2, and 1 dose by age 6 months,
respectively), which is half that of
current rates, reflects our assumption
that rotavirus vaccine uptake may be
gradual.

Vaccine efficacy was reviewed for 3
trials of RRV-TV conducted in industri-
alized countries with the current formu-
lation (4 3 105 plaque-forming units) of
vaccine and a US multicenter trial con-
ducted using a lower dose (4 3 104

plaque-forming units) that had similar
results9-11,13 (Table 1). These data pro-
vided base-case figures for vaccine effi-
cacy of 50% against rotavirus diarrhea,
70% against physician visits, 75%
against emergency department visits,
and 85% against hospitalizations and

deaths. Ranges of vaccine efficacy were
selected to reflect the results of vaccine
trials and are consistent with the find-
ings that vaccines are always more ef-
fective against severe than mild disease.
Since no data were available on the effi-
cacy of partial immunization (1-2 doses),
children receiving 1 or 2 doses were as-

signed an efficacy equivalent to half that
of the 3-dose regimen for each outcome.

Cost Estimates
Medicalcosts includecostsof inpatient,

outpatient, and emergency department
care, as well as the costs associated with
vaccination (Table 3). The cost of hospi-

Table 1.—Efficacy of Rotavirus Vaccine in Developed Countries*

Diarrhea Outcome

Study Group by Author
Base Case
Efficacy†
(Range)

Bernstein et al,
19959

Rennels et al,
199610

Santosham et al,
199713

Joensuu et al,
199711

Any 57 49 48 68 0.50 (0.40-0.70)

Severe 82 80 88 91 . . .

Hospitalization‡ . . . 100‡ . . . 100‡ 0.85 (0.70-0.95)

Emergency department
visit

. . . . . . . . . . . . 0.75 (0.50-0.90)

Physician visit 78 73 . . . . . . 0.70 (0.50-0.90)

Death . . . . . . . . . . . . 0.85 (0.70-0.95)

*Estimates used for cost-effectiveness analysis of a rotavirus vaccination program in the United States in 1997.
Ellipses indicate data not available.

†Estimates are for full vaccination (3 doses). Partial vaccination (1-2 doses) is presumed to give intermediate (50%)
protection.

‡The number of hospitalizations prevented was 2 in Rennels et al10 and 22 in Joensuu et al.11

Table 2.—National Disease Burden of Rotavirus Diarrhea Among Children Younger Than 5 Years*

Type of Cases No. of Cases
Sensitivity

Analysis Range

Base Case
Cumulative

Incidence by
Age 5 y, %†

Diarrhea without a rotavirus vaccination program3,4 2 730 000 2 145 000-3 315 000 70

No. requiring no medical care 2 109 980 . . .‡ 54

No. of physician visits21-23 410 000 205 000-492 000 11

No. of emergency department visits24 160 000 80 000-240 000 4

No. of hospitalizations7 50 000 30 000-70 000 1

No. resulting in death1,6 20 . . .‡ .0005

*Estimates used for cost-effectiveness analysis of a rotavirus vaccination program in the United States in 1997.
†Based on birth cohort of 3.9 million in 1997.
‡Ellipses indicate data not available.

Table 3.—Rotavirus Diarrhea Cost Estimates Used in Analysis

Variable

Costs (1996 Dollars)

Base-Case
Estimates

Range for
Sensitivity
Analysis

Direct medical costs
Outpatient visit (physician, laboratory, medication, oral

rehydration solution)29,31
132 106-158

Emergency department visit* 243 194-292

Hospitalization (room, physician, medications, intravenous
fluids, laboratory tests, postdischarge outpatient visit)

Vaccinated child (2.5 d)8 2672 2138-3206

Unvaccinated child (3.4 d)5,8,28 3622 2898-4346

Emergency department visit for a dying child8 756 605-907

Oral rotavirus vaccine, 1 dose 20 10-30

Vaccine administration, 1 dose32,33 10 8-12

Nonmedical costs
Other direct costs of rotavirus diarrhea (per episode)29

Transportation 16 8-24

Extra diapers 7 . . .†

Forgone earnings of parent/caregiver of child with rotavirus
diarrhea (per day)34

77 . . .†

Lifetime productivity loss of child to death34

,1 y 984 000 184 000-3 603 000

1-4 y 1 034 000 215 000-3 515 000

*A.C.H., unpublished data, 1997.
†Ellipses indicate that no range of values was used.

JAMA, May 6, 1998—Vol 279, No. 17 Cost-effectiveness of a Rotavirus Immunization Program—Tucker et al 1373

©1998 American Medical Association. All rights reserved.



talization includes the daily room charge,
inpatient physician visits, medications,
intravenous fluids, laboratory tests, and
1 postdischarge outpatient visit, and is
derived from Blue Cross/Blue Shield es-
timates of the cost of inpatient services.8
Data from a 1993-1995 national survey5

and a study in Connecticut28 indicate that
the average hospital stay for a child with
rotavirusdiarrheawasabout3.4days;we
usedthis figureforanunvaccinatedchild.
The cost of an outpatient visit, which in-
cludes laboratory tests and medications,
was derived from a study on the costs of
ambulatory care for children with diar-
rhea29 and was consistent with current
published costs.30,31 The cost of a regular
emergency department visit comes from
data obtained during a large diarrhea
outbreak in a major US city (A.C.H., un-
published data, July 1997). The cost of
treatment for a dying child, including am-
bulance transportation and 30 minutes of
criticalcareinanemergencydepartment,
was derived from Blue Cross/Blue Shield
estimates.8 Our estimated cost to admin-
ister the vaccine of $10 per dose (exclud-
ing the price of the vaccine) is based on
experience with other childhood vac-
cines32,33 and does not include an addi-
tional physician visit. Finally, we used a
base-case figure of $20 per dose as our
working estimate of the wholesale cost of
the vaccine since the company has pro-
vided no range of cost for the vaccine.
Medical cost estimates, apart from vac-
cine price, were increased and decreased
by 20% for the upper and lower limits,
respectively, in the sensitivity analysis.

The nonmedical costs of an episode of
rotavirus diarrhea include travel to seek

health care, extra diapers, loss of work
time of the caregiver, and lifetime pro-
ductivity loss of a dying child.29 The for-
gone earnings of a parent or guardian34

include 4 days of wages or salary for a
dying child and 3.4 days (unvaccinated)
and 2.5 days (vaccinated) for hospitaliza-
tions.5,8 We used the same estimates for
less severe rotavirus-related outcomes
as they were consistent with duration of
illness (diarrhea) data from vaccine tri-
als (Ed Zito, PhD, Wyeth-Ayerst Re-
search, unpublished data, 1995). The dis-
count rate was varied from 0% to 8% in
sensitivity analysis. Savings in travel
costs when a sick child was not in day
care were not included.

Sensitivity Analysis
Starting from the base-case scenario,

we performed a univariate sensitivity
analysis to examine the range of values
for all variables to reflect uncertainties
inourestimates(Tables1,2,and3).Best-
and worst-case scenarios were also cal-
culated by biasing the model in favor of
and against an immunization program,
respectively, without varying the vac-
cine price. Finally, threshold analyses
provided the break-even price of a vac-
cine for different scenarios.

RESULTS
Base-Case Estimate

A rotavirus immunization program in
which a US birth cohort of 3.9 million
participates is projected to prevent 1.08
million (39%) cases of rotavirus diarrhea
during the first 5 years of life, including
227 000 (55%) physician visits, 95 000

(59%) emergency department visits,
34 000 (67%) hospitalizations, and 13
(65%) deaths (Table 4). The annual cost
of rotavirus diarrhea is estimated to be
$264 million to the health system, 66% of
which is because of hospitalizations, and
$1.001 billion to society. At a vaccine
price of $20 per dose, a rotavirus immu-
nization program would cost $289 mil-
lion and would save $182 million in direct
medical costs and an additional $403 mil-
lion in indirect costs. Thus, the vaccina-
tion program would result in a net loss to
the health care system of $107 million,
but a net savings to society of $296 mil-
lion. The incremental cost-effectiveness
of immunization (ie, the cost per case
prevented) forthebase-case($20) is$103
from the perspective of the health care
system. The break-even price of the vac-
cine is $9 for medical costs and $51 in
terms of societal costs at which the cost-
effectiveness ratio is $0.

Sensitivity Analysis
Since caregiver loss of earnings ac-

counts for 93% of the nonmedical costs,
we lowered the number of workdays lost
from 3.4 to 2.4 for unvaccinated children
and from 2.5 to 1.5 for vaccinated chil-
dren. This lowered the net savings to so-
ciety from $296 million to $218 million.
However, univariate analysis indicated
that an immunization program would
provide a net savings to society under
any scenario, and the worst-case sce-
nario provided a $32 million savings.
From the health care perspective, the
most important determinants of cost-ef-
fectiveness were hospitalizations, vac-
cine price, and vaccine efficacy. The low
estimate of 30 000 hospitalizations yielded
a ratio of $154 per case prevented ($3
break-even vaccine price), whereas a high
estimate of 70 000 hospitalizations pro-
vided a ratio of $53 per case prevented
($14 break-even vaccine price) (Figure 2,
top). Vaccine prices of $10 and $30 re-
sulted in cost-effectiveness ratios of $10
and $197, respectively. Finally, higher
efficacy resulted in improved cost-
effectiveness, with the high estimate giv-
ing a ratio of $58 ($11 break-even price)
compared with the low-efficacy esti-
mate of $166 ($6 break-even price) (Fig-
ure 2, bottom). Other variables had much
smaller impacts.

The cost-effectiveness ratio changed
minimally with vaccine coverage; dou-
bling coverage would double both the
cost savings and the cost of the vaccine
(represented in the numerator) as well
as the cases prevented (represented
in the denominator), leaving the ratio
unchanged. However, higher coverage
would result in lower overall morbidity.
For example, the low coverage estimate
would prevent only 0.53 million cases,

Table 4.—Rotavirus Health Outcomes and Costs With and Without a Rotavirus Immunization Program*

Variable
No Vaccine

Program
With Vaccine

Program
Prevented by

Vaccine Program
Reduction,

%

Events, No.
Total rotavirus diarrhea 2 730 000 1 652 000 1 078 000 39

Physician visits 410 000 183 000 227 000 55

Emergency department visits 160 000 65 000 95 000 59

Hospitalizations 50 000 16 400 33 600 67

Deaths 20 7 13 65

Costs, $ (thousands)
Medical costs

Office visits 51 777 23 144 28 633 55

Emergency department visits 37 264 15 185 22 079 59

Hospital 175 434 43 894 131 540 75

Death (emergency department visits) 15 5 10 67

Vaccine administration 0 96 330 −96 330 . . .†

Cost of vaccine, $20 per dose 0 192 660 −192 660 . . .†

Total Medical Costs 264 490 371 218 −106 728 −40

Nonmedical costs
Loss of earnings by caregiver 687 779 311 390 376 389 55

Other direct nonmedical 28 577 15 654 12 923 45

Lifetime productivity loss of child to death 19 912 6541 13 371 67

Total Nonmedical Costs 736 268 333 585 402 683 55

Total Cost 1 000 758 704 803 295 955 30

*Data are 5-year estimates for a birth cohort of 3.9 million.
†Ellipses indicate cost incurred.
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whereasthehighestimatewouldprevent
1.28 million cases. The magnitude of net
costs would depend on the vaccine price:
higher coverage saves more at a vaccine
price below the break-even point, and
lower coverage loses less at a vaccine
price above the break-even point.

From the health care perspective, the
best-case scenario provided a savings of
$49 million, while the worst-case sce-
nario resulted in a cost-effectiveness
ratio of $239.

COMMENT
This analysis of the cost-effectiveness

of a national rotavirus immunization pro-
gram is based on the latest estimates of
the disease burden in the United States
and the most recent efficacy trials with
the RRV-TV vaccine. We estimate the
full costofrotavirusdisease intheUnited
States to be $1 billion, of which $264 mil-
lion is attributable to medical costs. In-
troduction of a national rotavirus immu-
nization program would produce a net
savings from the societal perspective and
cost $103 per case of rotavirus diarrhea
prevented from the health care system
perspective. Consequently, a rotavirus
immunization program would be cost-
effective from both perspectives. When
examining only the impact on the health
care system, the break-even price per
dose at which the vaccine would be cost
saving would be $9.

Thisanalysissuggestsanumberof im-
portant features in considering the in-
troduction of a rotavirus vaccine. Hos-
pitalization costs, vaccine efficacy, and
vaccine price are the main determinants
of the cost-effectiveness equation, ie, as
vaccine efficacy and the number and cost
of hospitalizations increase and the vac-
cine price decreases, the immunization
program realizes greater cost reduction
and cost-effectiveness. With the gradual
decline of hospitalization rates associ-
ated with rotavirus diarrhea in the
United States,5 the value of a rotavirus
vaccine has decreased as well. Further-
more, within the changing health care
system, some groups, such as health
maintenance organizations, may experi-
ence even lower rates of hospitalization
as the care of patients with diarrheal dis-
eases is shifted from an inpatient to an
outpatient setting. Consequently, the
value of the vaccine may be less for
health maintenance organizations than
for settings with higher hospitalization
rates. At the same time, companies con-
tracting health services for their em-
ployees may perceive that societal costs
(ie, lost wages of caregivers) are particu-
larly important since they reflect lost
worker productivity and they may opt to
pay for the vaccine themselves to ensure
continuity in their workforce.

Three previous cost-effectiveness
studies of a US immunization program
for rotavirus have been performed with
different methods and results.8,35,36 An
early study using CDC data35 in a period
before vaccine trial data were available
estimated that a rotavirus immunization
program would cost the medical system
$255 million in 1985 dollars and con-
cluded that a such a program would be
extremely cost-effective given a vaccine
costing less than $20. Griffiths and col-
leagues36 examined the economic impact
of a vaccine program based on the re-
sults of a placebo group of a vaccine trial
in which only 2 children were hospital-
ized and most care was provided on an
outpatient basis. The break-even value
of a vaccine was only $4 per dose from a
societal perspective, a low estimate per-
haps due either to earlier and effective
care given by study nurses during con-
tinuous follow-up or to the decision to
analyze median rather than mean cost
per infant, thereby underreporting the
major contribution of hospital costs.

The current study updates the analy-
sis of Smith and colleagues,8 who con-
cludedthatarotavirusimmunizationpro-
gram in which a vaccine cost of $20 per
dose would yield savings to the health
care system of $79 million and to society
of $466 million (in 1993 dollars). The fa-
vorable results of Smith and colleagues8

were largelybecauseofahigherestimate
of hospitalizations (104 000 per year), a
figure obtained by extrapolating the rate
of hospitalizations for rotavirus diarrhea
in 1980 estimated by Ho and colleagues37

(68 000 per year) to the birth cohort of
children, which had increased 53% from
2.7 million in 1980 to 4.1 million by 1991.
The actual number of hospitalizations in
1991, subsequently estimated by Jin and
colleagues7 from the hospital discharge
survey, was 55 000 per year. The most
recent (1993-1995) estimates indicate
thatthenumberofhospitalizationsforro-
tavirus diarrhea in the United States is
morelikelyaround50 000,5 androtavirus-
associated deaths, estimated at 75 to 125
in 1980,37 have nearly disappeared since
1985 (20 per year).6 Since hospitalizations
are the major factor accounting for medi-
cal costs (ie, 66% of medical costs), this
decreaseinrotavirushospitalizationshas
ledtoadeclineinmedicalcosts,whilenon-
medical costs have remained the same af-
ter adjusting for inflation. In addition, re-
cent vaccine studies provide higher esti-
mates of efficacy against hospitalizations
and other outcomes.9-13

The current study has a number of
limitations in the estimates used in the
analysis as well as considerations of
herd immunity, increased treatment
with oral rehydration therapy, and the
unassessed cost of adverse events. The

burden of rotavirus disease was extrapo-
lated from all diarrheal events esti-
mated from a diversity of studies. Hos-
pitalizations are the major contributor to
medicalcosts,whilesalary lossof thecare-
giver because of mild disease is the main
contributor to societal costs. These data
on mild disease are least reliable but even
the worst-case estimates yield a posi-
tive cost-effectiveness ratio. Outpatient
and emergency department visits re-
main difficult to ascertain, especially since
rotavirus diarrhea is not coded in these
settings,23,24 and these figures may be of
increased importance over time as prac-
tice shifts the treatment of diarrhea from
the inpatient to the outpatient setting.
The use of efficacy estimates from phase
3 trials may either overstate or under-
state the actual effectiveness of a vac-
cine when used in routine public health
practice. Effectiveness could be less than
efficacy if children require all 3 doses for
protection, or if protection wanes after
1 or 2 seasons since 14% of cases occur
by age 6 months and 28% of cases occur
after age 2 years.5 Effectiveness could be
greater than efficacy since children con-
tinue to receive missed doses after age 6
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Figure 2.—Cost-effectiveness of a rotavirus immu-
nization program for a range of vaccine prices. The
net cost per rotavirus case prevented is examined
in a sensitivity analysis over a range of estimates of
hospitalizations (top) and vaccine efficacy (bottom).
Base-case estimates are in boldface type.
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months (CDC, National Immunization
Survey, unpublished data, 1996) and the
potential of herd immunity has not yet
been assessed. A new program of oral re-
hydration therapy might decrease the
number of hospitalizations for rotavirus
diarrhea but would incur additional costs.
Finally, the vaccine incurs some mild side
effects (eg, fever after the first dose) and
other, less common, but more costly, ad-
verse reactions (eg, hospitalizations) that
can only be assessed through postlicen-
sure surveillance.

To date, no price has been assigned to
the rotavirus vaccine, and this value will
be critical to the ultimate cost-effective-
ness equation and determination of the
use of the vaccine. Assignment of a price

per dose near the break-even point for
medical expenses ($9) would make a vac-
cine program cost-saving under any cir-
cumstances. Economic studies of other
vaccines have identified cost-effective-
ness results comparable to ours,32,33 and
new vaccines, such as varicella-zoster
immune globulin, have been introduced
at a price intermediate between the
break-even point for medical and socie-
tal costs. Our cost-effectiveness analysis
will need to be reassessed when a vac-
cine price or range of prices for the pri-
vateandpublicsectorhasbeenassigned.
Similarly, theadministrativecost (ie,$10
per dose) may be too large given the oral
route of administration and should be re-
assessed when the product enters use.

The decline in disease burden since our
last review has led to a shift in the equa-
tion on the cost-effectiveness of this vac-
cine for national use, and its acceptance
will likely be because of assessment of
societal costs rather than medical costs
alone.
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