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ABSTRACT

Key words

Objective.

The objective of this study was to conduct a cost-effectiveness analysis of a uni-

versal rotavirus vaccination program among children < 5 years of age in Brazil.

Methods.

Considering a hypothetical annual cohort of approximately 3 300 000 newborns

followed over 5 years, a decision-tree model was constructed to examine the possible clinical
and economic effects of rotavirus infection with and without routine vaccination of children.
Probabilities and unit costs were derived from published research and national administrative
data. The impact of different estimates for key parameters was studied using sensitivity analy-
sis. The analysis was conducted from both healthcare system and societal perspectives.
Results. The vaccination program was estimated to prevent approximately 1 735 351 (54%)
of the 3 210 361 cases of rotavirus gastroenteritis and 703 (75%) of 933 rotavirus-associated
deaths during the 5-year period. At a vaccine price of 18.6 Brazilian reais (R$) per dose, this
program would cost R$121 673 966 and would save R$38 536 514 in direct costs to the pub-
lic healthcare system and R$71 778 377 in direct and indirect costs to society. The program
was estimated to cost R$1 028 and R$1 713 per life-years saved (LYS) from the societal and
healthcare system perspectives, respectively.

Conclusions. Universal rotavirus vaccination was a cost-effective strategy for both per-
spectives. However, these findings are highly sensitive to diarrhea incidence rate, proportion

of severe cases, vaccine coverage, and vaccine price.

Rotavirus vaccines, cost effectiveness analysis, Brazil.

Rotavirus is a common cause of se-
vere diarrhea among children, ac-
counting for as many as 111 million
episodes of diarrhea, 25 million
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healthcare visits, 2 million hospitaliza-
tions, and 440 000 deaths of children
< 5 years of age worldwide each year
(1). The fact that incidence of rotavirus
is similar in developed and develop-
ing countries suggests the disease is
not adequately controlled with im-
provements in sanitation alone (1).
Two rotavirus vaccines whose effi-
cacy and safety have been demon-
strated in phase 3 trials are commer-
cially available (2-3). The World
Health Organization (WHO) has en-
couraged the introduction of a rota-
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virus vaccine into national immuniza-
tion programs, particularly in poorer
countries (4).

In Brazil, morbidity and mortality
associated with diarrhea has sharply
decreased in the last 30 years. This has
been largely attributed to improve-
ments in potable water supply and
sanitation, the promotion of breast-
feeding, and increased use of oral
rehydration therapy countrywide (al-
though major regional and socioeco-
nomic differences remain) (5). With
the decrease in bacterial diarrhea, rota-
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virus infection has gained importance
as a cause of diarrhea in children < 5
years of age (6).

Routine immunization of children in
Brazil includes all vaccines recom-
mended by WHO’s Expanded Pro-
gramme on Immunization (EPI): tu-
berculosis (BCG); oral poliomyelitis
(OPV); diphtheria-tetanus-pertussis
whole-cell and Haemophilus influenzae
type b (DTPw-Hib); hepatitis B; mea-
sles, mumps, and rubella (MMR); and
yellow fever. In 2004, coverage of the
third dose of the DTPw-Hib vaccine
and the third dose of the hepatitis B
vaccine in children < 12 months was,
respectively, 96% and 90.5% (7). There
is continuous pressure from the gen-
eral population, health professions,
and drug manufacturers to include
new and increasingly expensive vac-
cines in the National Immunization
Program (Programa Nacional de Imu-
nizagdes, PNI), and public health offi-
cials face difficult choices.

Brazil is a large country, with an
estimated population of 182 060 108
people in 2004, and an urbanization rate
of 83%. Socioeconomic and cultural
conditions as well as healthcare systems
vary significantly across different re-
gions. Therefore, it should be noted that
any analyses conducted from a national
perspective, albeit necessary, reflect na-
tional averages that include significant
context variations countrywide.

Cost-effectiveness analyses in other
countries have shown rotavirus vacci-
nation to be cost-effective (8-14). How-
ever, results of economic evaluations
are highly sensitive to local parameters,
such as incidence, mortality, healthcare
and hospitalization costs, and vaccine
costs. Therefore, the objective of this
study was to do a cost-effectiveness
analysis of a universal childhood vacci-
nation program against rotavirus using
local data from both the healthcare sys-
tem and societal perspectives.

MATERIALS AND METHODS
Model design

Applying a similar approach to those
used in other studies (8-14), a decision-
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tree model was constructed to examine
the possible clinical and economic ef-
fects of rotavirus infection with and
without routine vaccination of children.

Microsoft Excel was used to develop
a model for a hypothetical annual
birth cohort of children followed for
5 years in order to estimate health ef-
fects and economic costs associated
with rotavirus gastroenteritis with and
without routine rotavirus vaccination.

A cost-effectiveness analysis was
conducted from the public healthcare
system perspective, including direct
costs, and from the societal perspec-
tive, including direct costs as well as
transportation costs and indirect costs,
such as the losses in productivity that
occur when an adult is absent from
paid work to care for a sick child (15).

Vaccination strategy

One type of immunization against
rotavirus infection was considered:
universal vaccination of infants at 2
and 4 months of age. This strategy
(“Vaccination Program”) was com-
pared with one alternative (“No Vacci-
nation Program”) (Figure 1).

As shown in the decision-tree model
in Figure 1, one decision node separates
the Vaccination Program and No Vacci-
nation Program branches, and one
chance node separates the Vaccination
Program branch into children who are
“vaccinated” versus those who are “un-
vaccinated.” Another chance node sep-
arates those who are fully vaccinated
(“2 doses”) versus those who are par-
tially vaccinated (“1 dose”). Each group
considered is separated into children
who have diarrhea (“with diarrhea”)
and those who do not (“no diarrhea”).
Those with diarrhea are then separated
by severity of illness (“mild,” “moder-
ate,” or “severe” diarrhea), as the vac-
cine has specific efficacy in preventing
these three different categories of diar-
rhea. Children for whom the vaccine is
efficacious are classified as “protected,”
and those that develop the disease are
classified as “sick.”

The study assumes that children
who develop mild diarrhea receive
only domiciliary treatment (home-

based care), that those who develop
moderate diarrhea receive domiciliary
treatment and ambulatory treatment
(outpatient healthcare facility care),
and that both groups of children re-
gain their health (classified as “recov-
ered”). It also assumes that children
who develop severe diarrhea receive
domiciliary and ambulatory treat-
ment, are hospitalized, and either re-
cover or die (classified as “recovered”
or “death”). The structure of the deci-
sion tree is identical for all categories
of the study population: those in the
Vaccination Program branch (fully
vaccinated, partially vaccinated, or un-
vaccinated), and those in the No Vac-
cination Program branch.

The model estimates the number of
domiciliary treatments, ambulatory
treatments, hospitalizations, and
deaths that would occur over five
years with and without the universal
immunization program (“Vaccination
Program” vs. “No Vaccination Pro-
gram”). Probabilities assigned to the
events detailed in the decision tree are
outlined in Table 1.

Valuing outcomes

Using the model, three summary
measures were calculated:

=

Incremental cost per case averted,
2. Incremental cost per death averted,
and

3. Incremental cost per life-years saved
(LYS).

To calculate life-years saved, the fol-
lowing equation was used, assuming
a study population life expectancy of
69 years:

LYS = Number of deaths averted x 69

To calculate the incremental cost-
effectiveness ratio (ICER), the follow-
ing equation was used:

ICER =
Cost with Vaccination Program —
Cost without Vaccination Program

(Cases/deaths/LYS) with and
without Vaccination Program

Rev Panam Salud Publica/Pan Am | Public Health 23(4), 2008



Sodrez et al. ® Cost-effectiveness of rotavirus vaccination in Brazil

FIGURE 1. Decision-tree model for rotavirus immunization program in Brazil, 2004
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Future costs and outcomes were dis-
counted to their present values at a
discount rate of 6%—the highest rate
suggested by WHO (16), and the one
considered most appropriate for de-
veloping countries.

Population estimates

The size of the annual birth cohort
(3300000 newborns) was based on
data from the Brazilian Institute of Ge-
ography and Statistics (Instituto Bra-
sileiro de Geografia e Estatistica, IBGE)
for 2004 (17).

Morbidity and mortality estimates

Estimates of rotavirus morbidity
and mortality were based on the liter-
ature review and on data from the na-
tional public health database (Departa-
mento de Informdtica do Sistema Unico de
Satide, DATASUS) and other sources
(18). Rotavirus was estimated to cause
3 525 053 episodes of diarrhea, 655 853
visits to healthcare facilities, 92 453
hospitalizations, and 850 deaths of
children < 5 years of age each year in
Brazil. The estimated 5-year cumula-
tive incidence of rotavirus diarrhea
was 1.2 per child.
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Decision-tree linear models do not
allow for estimating the effects of mul-
tiple disease episodes, so total rota-
virus incidence cannot be more than
one infection per child. While active
acquired immunity after natural infec-
tion does not completely protect
against reinfection, or mild diarrhea, it
does protect against subsequent se-
vere diarrhea (19). Therefore, severe
diarrhea is most likely to occur during
the first episode of rotavirus infection
(19-20). Based on these parameters,
the model was used to estimate the in-
cidence of severe and moderate diar-
rhea only (with the incidence of mild
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TABLE 1. Values of input variables in rotavirus vaccine cost-effectiveness model, Brazil, 2004

Model variables

Base-case estimate

Estimates for
sensitivity analysis

Reference / basis for
calculation of estimates

Disease impact

Incidence of diarrhea 1 —25 and -50% base case (18)
Mild diarrhea 0.7437 (0.6392-0.8335) (5, 18)
Moderate diarrhea 0.2247 (0.1438-0.3218) (18)
Severe diarrhea 0.0316 (0.0227-0.039) (18)
Hospitalization? 0.9908 (18)
Case-fatality rate? 0.0092 +25% base case (18)
Vaccine coverage
Unvaccinated 0.10 +25 and +50% base case (7, Authors’ assumption)
Vaccinated 0.90 —-25 and -50% base case (7, Authors’ assumption)
2 dosesP 0.80 —25 and -50% base case (7, Authors’ assumption)
1 dose® 0.20 +25 and +50% base case (7, Authors’ assumption)
Vaccine efficacy
2 doses
Against mild diarrhea 0.63 (0.56-0.70) (22, Authors’ assumption)
Against moderate diarrhea 0.63 (0.56-0.70) (22, Authors’ assumption)
Against severe diarrhea 0.847 (0.717-0.924) (2)
1 dose
Against mild diarrhea 0.50 (0.44-0.56) (22, Authors’ assumption)
Against moderate diarrhea 0.50 (0.44-0.56) (22, Authors’ assumption)
Against severe diarrhea 0.811 (0.684-0.924) (2)
Costs®
Society  Healthcare system
Home-based care? 11.80 0.00 ef
Outpatient healthcare facility cared 4510 19.00 ef
Hospitalizationd 388.36 348.00 125 and +50% base case ef
Vaccine dose 18.6 125 and £50% base case (J. Barbosa, Health Surveillance
Secretariat, Brazilian Ministry of
Health, personal communication,
September 2005)
Discount rate 6% (3%—8%) (16)

@ Among all cases of severe diarrhea (3.16% of all diarrhea cases), 99.08% were hospitalization cases with recovery and 0.92% resulted in death.

b Among vaccinated (90% of total population), 80% (72% of total population) received 2 doses and 20% (18% of total population) received 1 dose.

¢ In 2004 Brazilian reais (exchange rate: U$1 = R$2.65, Brazilian Central Bank).

d Mean cost per episode.

e de Soarez PC, Ciconelli RM, Kowalski CC, Ferraz MB, da Silva LJ, Paula Eduardo MB, et al. Estudo prospectivo da diarréia para estimativa da incidéncia por rotavirus e do custo da gas-
troenterite por rotavirus em criangas menores de 5 anos. Relatério Técnico. Centro Paulista de Economia da Sadde / Escola Paulista de Medicina / Universidade Federal de S&o Paulo and
Secretaria de Estado da Saude de Sao Paulo. September, Sdo Paulo, 2005 [photocopy]. Financed by GlaxoSmithKline Brasil Ltda.

f de Soarez PC, Ciconelli RM, Kowalski CC, Ferraz MB, da Silva LJ, Paula Eduardo MB, et al. Cost of rotavirus and nonrotavirus diarrhea among young children in Brazil. Poster presented at
the 8th Brazilian Congress on Collective Health and the 11th World Congress on Public Health. Brazilian Association for Graduate Studies in Collective Health and The World Federation of

Public Health Associations, August 21-25, Rio de Janeiro, 2006.

diarrhea recorded as complementary
values for a total incidence of 1). This
method was used to ensure that only
mild diarrhea would be underesti-
mated. The final numbers for esti-
mated 5-year cumulative incidences of
mild, moderate, and severe diarrhea
episodes are presented in Table 1.

Vaccine coverage and efficacy
estimates

The live attenuated monovalent
human G1P[8] rotavirus vaccine was
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chosen for universal vaccination in
Brazil. The recommended dosage is a
2-dose scheme administered accord-
ing to a strict schedule, with the first
dose given only to children aged be-
tween 6 and 14 weeks, and the second
dose given one or two months later, to
children aged between 14 and 24
weeks.

In 1999, a rhesus-human rotavirus
reassortant tetravalent live vaccine
(RotaShield®) was withdrawn from
the market because of a temporal asso-
ciation with intussusception (an in-
testinal obstruction in which one seg-

ment of bowel becomes infolded
within another segment). As no bio-
logical mechanism has been estab-
lished for this syndrome, it is not
known whether it may occur with
other live rotavirus vaccines. As a pre-
caution, experimental administration
of the first dose of the new generation
of rotavirus vaccines was restricted to
children in the first three months of
life, as this age group is less vulnerable
to natural intussusception (21). Al-
though the monovalent human G1P[8]
rotavirus vaccine has had a reassuring
safety profile in a phase 3 trial that en-
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Sodrez et al. ® Cost-effectiveness of rotavirus vaccination in Brazil

rolled more than 60 000 children (2), it
has never been used in a large-scale
immunization program.

Because “catch-up” vaccination of
susceptible older children against rota-
virus is not recommended, it was not
considered in this model.

Due to possible constraints caused
by the strict administration schedule
recommended for the rotavirus vac-
cine, estimated coverage was based on
hepatitis B coverage (90.49%), the low-
est among vaccines recommended for
children under 1 year of age by Bra-
zil’s National Immunization Program
in 2004 (7). Data on incomplete hepati-
tis B and DTPw-Hib vaccination
schemes were used to estimate the
proportion of children who would re-
ceive 1 versus 2 doses of the rotavirus
vaccine.

Estimated vaccine efficacy was
based on results obtained in clinical
trials. Like many other vaccines, rota-
virus vaccine is considered more effec-
tive against severe disease than
against mild or moderate disease. In a
phase 3 trial, human G1P[8] rotavirus
vaccine efficacy against severe illness
was 84.7% (with 2 doses) and 81.1%
(with 1 dose) (2), and in a phase 2 Latin
America trial, the efficacy of 2 doses of
the vaccine against severe diarrhea
ranged from 66% to 86%, whereas effi-
cacy against any rotavirus gastroen-
teritis ranged from 56% to 70%, de-
pending on the vaccine dose (10%7 to
1058 focus-forming unit) (22). Efficacy
of the vaccine against mild and mod-
erate disease was not reported (2, 22).
Therefore, for this study, the rate of
vaccine efficacy against mild diarrhea
was estimated, based on the maximum
efficacy rate of 70% against “any rota-
virus gastroenteritis” (which includes
severe diarrhea), and the assumption
that this overall maximum efficacy
rate would fall above the rate of effi-
cacy against mild diarrhea but below
the rate of efficacy against severe diar-
rhea. Similarly, the efficacy of 1 dose of
the vaccine was assumed to be lower
than the efficacy of 2 doses.

Possible adverse events after vacci-
nation were not considered in the
model because the rates of adverse
events in children who received the

human GI1P[8] rotavirus vaccine in
clinical trials were similar to unvacci-
nated controls (2, 22).

Potential herd protection (the poten-
tial indirect effects of the immuniza-
tion program for unvaccinated chil-
dren) was not considered in the model
because there was no information
about it in the literature.

Cost estimates

Direct and indirect costs included
in the model were based on data from
the national public health database
(DATASUS), demographic surveys
(secondary data), and results deemed
appropriate for use in national esti-
mates from a recent national study on
rotavirus disease—associated costs con-
ducted in two cities in Sdo Paulo state
(Rio Claro and Guarulhos) (primary
data).34

Direct costs

Healthcare costs. Healthcare costs
included hospitalizations, physician
visits, laboratory tests, medications,
and health products. Hospitalization
costs were based on the average value
paid for hospital care of children < 5
years of age due to infectious diarrhea
and gastroenteritis (International Clas-
sification of Disease, 10th Revision,
codes A0O to A09) by the public health-
care system (Sistema Unico de Saiide,
SUS), based on registration records
from the SUS Hospital Information

3 de Sodarez PC, Ciconelli RM, Kowalski CC, Ferraz
MB, da Silva LJ, Paula Eduardo MB, et al. Estudo
prospectivo da diarréia para estimativa da incidén-
cia por rotavirus e do custo da gastroenterite por ro-
tavirus em criangas menores de 5 anos. Relatério
Técnico. Centro Paulista de Economia da Satude /
Escola Paulista de Medicina / Universidade Federal
de Sdo Paulo and Secretaria de Estado da Satde de
Sao Paulo. September, Sdo Paulo, 2005 [photocopy].
Financed by GlaxoSmithKline Brasil Ltda.

4 de Soérez PC, Ciconelli RM, Kowalski CC, Ferraz
MB, da Silva L], Paula Eduardo MB, et al. Cost of
rotavirus and nonrotavirus diarrhea among young
children in Brazil. Poster presented at the 8th Bra-
zilian Congress on Collective Health and the 11th
World Congress on Public Health. Brazilian Asso-
ciation for Graduate Studies in Collective Health
and The World Federation of Public Health Asso-
ciations. August 21-25, Rio de Janeiro, 2006.
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System (Sistema de Informacdes Hospita-
lares, SIH). Costs for pediatrician visits
and laboratory tests were based on val-
ues paid by the SUS, based on registra-
tion records from its Outpatient Infor-
mation System (Sistema de Informagcoes
Ambulatoriais, SIA) (23).

Estimated medications (oral and in-
travenous rehydration fluids, anal-
gesics, antipyretics, antiemetics, and
antibiotics) and products (mainly dia-
pers and baby wipes) were based on in-
formation from the 2004 national rota-
virus cost study (see footnotes 3 & 4).
Home-based care costs included med-
ications and products; outpatient
healthcare facility care costs included
healthcare system visits, laboratory
tests, medications, and products; and
hospital care costs included hospital-
izations, healthcare system visits, labo-
ratory tests, medications, and products.

It was assumed that home-based
care was provided by families, and
outpatient healthcare facility and hos-
pital care were provided by the health-
care system. Home-based care costs
were not included in the healthcare
system perspective analyses.

The private healthcare system in
Brazil is responsible for the healthcare
of 30% of the population (24). Costs for
this system are most likely higher than
for the public healthcare system, but
no such data is available. Therefore, all
healthcare costs were based on esti-
mates for the public healthcare system.

Transportation costs. Transportation
costs were calculated by applying the
micro-costing method to information
obtained in the 2004 national rotavirus
cost study (see footnotes 3 & 4). Trans-
portation costs related to outpatient
healthcare facility and hospital care
were added to the societal perspective.

Indirect costs

Loss of earnings by caregiver. Esti-
mated loss of earnings by caregivers
was based on the human capital
method (25-26). The value of the re-
ferred average monthly wage of fami-
lies that participated in the 2004 na-
tional rotavirus cost study (median
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between R$200 and R$500) was di-
vided by 30 [days] and multiplied by
the estimated number of paid work-
days lost by parents each month to
care for a sick child (3 days) (see foot-
notes 3 & 4). The valuation of lost paid
workdays was added to the societal
perspective.

Vaccination costs

Vaccination costs included the price
of each dose, the number of doses ad-
ministered (based on estimates for a 2-
dose scheme), administration costs,
and expected losses from vaccine
waste. The price of each dose was esti-
mated at US$7 (R$18.6)° based on the
value established in an agreement be-
tween the Brazilian Ministry of Health
and the vaccine producer, Glaxo-
SmithKline Biologicals (Rixenart, Bel-
gium) (J. Barbosa, Health Surveillance
Secretariat, Brazilian Ministry of
Health, personal communication, Sep-
tember 2005). Since the rotavirus vac-
cine can be administered at the same
time as the current recommended
tetravalent DTPw-Hib and OPV vac-
cines, incremental administration costs
were assumed to be low. Both admin-
istration costs (US$1) and expected
losses from waste (10% of vaccine
doses) were taken from the literature
(11), as no local data were available.

As explained above, vaccination
costs were calculated only for the pub-
lic healthcare system. Data from the
immunization program of Sdo Paulo
state (the state with the largest private
healthcare system) indicate a low level
of private sector participation in the
immunization of children in 2004, cov-
ering just 1.3% of the population—a
negligible proportion from the na-
tional perspective (H.K. Sato, Coordi-
nator, Sdo Paulo State Immunization
Program, personal communication,
January 2006).

All cost values for each type of care,
according to both the societal and
healthcare perspectives, are presented
in Table 1.

5 2004 Brazilian real (exchange rate: R$2.65 = US$1,
Brazilian Central Bank).
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TABLE 2. Health burden associated with rotavirus gastroenteritis, by vaccination status,

Brazil, 2004

Disease impact

No Vaccination Program

Vaccination Program

Total cases

Cases averted

Change in number of cases (%)

Total deaths

Deaths averted

Change in number of deaths (%)
Life-years lost

Life-years saved

Change in number of life-years saved (%)

3210 361 1475010
1735 351
54%
933 230
703
75%
15878
48 521
75%

64 399

Sensitivity analysis

Due to uncertainty in some key
model parameters, a set of univariate
sensitivity analyses was carried out to
examine the impact of change in these
variables on the ICERs. The following
parameters were varied one at a time:
diarrhea incidence; proportion of se-
vere, moderate, and mild diarrhea
cases; case—fatality rate; vaccine cover-
age rate; vaccine efficacy; vaccine cost;
hospitalization costs; and discount
rate. Whenever possible, the variation
around the base-case values was based
on clinical, epidemiological, and social
criteria (regional and social differ-
ences). For some variables (diarrhea
incidence, case-fatality rate, vaccine
coverage, vaccine cost, and hospital-
ization cost), the values were altered
by adding or subtracting 10%, 25%, or
50% to/from the base-case scenario.

Best-case and worst-case scenario
sensitivity analyses were also con-
ducted. The model was analyzed
using the high-range estimate most fa-
vorable to the vaccine (“best-case sce-
nario”) and reanalyzed based on a
low-range estimate (“worst-case sce-
nario”). In both scenarios, estimates
were varied simultaneously and in the
same direction.

RESULTS
Base-case estimates

The estimated reduction in the bur-
den of disease using the Vaccination

Program strategy is shown in Table 2.
Costs associated with both strategies
(“Vaccination Program” and “No Vac-
cination Program”) are shown in Table
3. Table 4 summarizes the ICERs of
both strategies, according to baseline
assumptions.

The break-even price for the vaccine
(the point at which the vaccination
cost would be counterbalanced by the
treatments costs averted) would be
R$9.98 and R$4.24 per dose from the
societal and healthcare system per-
spectives, respectively.

To determine whether this level of
cost-effectiveness is currently economi-
cally acceptable or viable for Brazil, the
national per capita gross domestic
product (GDP) was used as a criterion
for comparison with cost-effectiveness
calculations. This approach is similar to
the one recommended by the Commis-
sion on Macroeconomics and Health
(CMH) and adopted by WHO, which
considers an intervention “very cost-
effective” when the cost of averting one
disability-adjusted life year or DALY
(one lost year of “healthy” life due to
disability and/or premature mortality)
is less than the per capita GDP (27). Be-
cause rotavirus-associated diarrhea is
generally an acute event, evolving to ei-
ther full recovery or death, the disabil-
ity adjustment of life expectancy would
contribute little to DALYSs. In this case,
one DALY averted would cost about
the same as one LYS (life-year saved)
(28). In 2004, the Brazilian GDP was
R$10 692 (US$4 035) (29). Because the
cost per LYS (R$1 028 from the societal
perspective, and R$1713 from the

Rev Panam Salud Publica/Pan Am | Public Health 23(4), 2008
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TABLE 3. Costs associated with rotavirus gastroenteritis and rotavirus vaccination, by per-

spective and vaccination status, Brazil, 2004

Societal perspective

Healthcare system perspective

No Vaccination Vaccination No Vaccination Vaccination
Program Program Program Program
Variable (R$) (R$) (R$) (R$)
Cost?
Total costs? 99 742 391 27 964 014 48 684 898 10 148 384
Costs averted 71778 377 38536 514
Change in costs (%) 72% 79%
Intervention cost®
At R$9.3/dose 67 813 097 67 813 097
At R$13.9/dose 94 453 957 94 453 957
At R$18.6/dose 121 673 966 121 673 966
At R$23.2/dose 148 314 826 148 314 826
At R$27.8/dose 174 909 456 174 909 456

22004 Brazilian reais (exchange rate: U$1 = R$2.65, Brazilian Central Bank).

b Healthcare system perspective includes direct medical costs; societal perspective includes all direct and indirect costs. Costs
were divided into three categories: home-based care, outpatient healthcare facility care, and hospitalization.

¢ Intervention cost includes cost of purchasing vaccine for 2-dose course, cost of administering vaccine, and losses due to vac-

cine waste.

TABLE 4. Cost-effectiveness of rotavirus vaccination, by perspective, Brazil, 2004

Societal Healthcare system
perspective perspective
Incremental cost-effectiveness ratio (R$) (R$)
Costs and consequences (undiscounted)
Cost per case averted 29 48
Cost per death averted 70 955 118 228
Cost per life-years saved 1028 1713
Costs and consequences (discounted by 6%)
Cost per case averted 37 57
Cost per death averted 91 670 138 947
Cost per life-years saved 1329 2014

healthcare system perspective) was less
than the GDP, the universal rotavirus
vaccination program would qualify as
very cost-effective.

Sensitivity analysis

The parameters, their variations,
and the results of the calculations from
both the societal and healthcare sys-
tem perspectives are summarized in
Table 5.

One-way sensitivity analyses showed
the study results were most sensitive
to four parameters: diarrhea incidence
rate; proportion of severe, moderate
and mild diarrhea episodes; vaccine
coverage; and vaccine cost. For exam-
ple, a 25% reduction in the diarrhea

incidence rate results in a 49% to 81%
increase in the ICER, whereas a 50%
reduction in incidence results in a
146% to 244% increase. A change of
approximately 19% in the proportion
of severe and moderate diarrhea
episodes results in a 59% to 80%
change in the ICER. If vaccine cover-
age has been overestimated in the
base-case scenario (i.e., actual cover-
age is 25% less than the value used),
the ICER would decrease by 51%
(from the assumed value of R$1 028 to
R$504) per LYS. If actual coverage is
even lower (50% less than the value
used), the Vaccination Program strat-
egy becomes cost saving. Moreover,
although changes in vaccine efficacy
have little impact, changes in vaccine
price have a great impact: a 25% dif-
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ference in price results in a 32% to 55%
change in the ICER. From the point of
view of society, a 50% decrease in
price makes the Vaccination Program
strategy cost saving.

All other model variables, including
hospitalization costs and discount
rate, were less sensitive to variation.

Sensitivity analyses of best-
and worst-case scenarios

From both perspectives, the best-
case scenario resulted in savings,
whereas the worst-case scenario re-
sulted in a cost per LYS of R$9 247 and
R$10 431 from the societal and health-
care system perspectives, respectively.

DISCUSSION

Based on the decision-tree model, as
well as estimates derived from pub-
lished national research and data from
the national public health database,
rotavirus vaccination was very cost-
effective from both the societal and
healthcare system perspectives when
using the standard established by
WHO (cost per DALY less than per
capita GDP). Sensitivity analysis indi-
cated the results were most sensitive to
incidence of rotavirus-associated diar-
rhea, proportion of severe and moder-
ate diarrhea episodes, vaccine cover-
age, and vaccine costs (a 50% reduction
in the vaccine price would make the
Vaccination Program strategy cost sav-
ing from the societal perspective).

Study limitations include the pos-
sible underestimation of hospitaliza-
tion costs—often an important vari-
able, among other healthcare costs,
according to sensitivity analyses in
cost-effectiveness studies in developed
countries (8-9)—as these costs were
based on public healthcare reimburse-
ments rather than total costs in both
the public and private healthcare sec-
tors. Nonetheless, even with the ex-
treme values used in the sensitivity
analyses of the best- and worst-case
scenarios, the Vaccine Program strat-
egy remained cost-effective, based on
the criteria recommended by CMH/
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TABLE 5. Sensitivity analysis of key parameters’ effect on rotavirus vaccination incremen-
tal cost-effectiveness ratio, by perspective, Brazil, 2004

Cost per life-years saved

Societal Healthcare system
Parameters input values perspective perspective
Disease impact
Diarrhea incidence
Very low (-50%) 3536 4 221
Low (—25%) 1864 2 549
Base case (1) 1028 1713
Diarrhea (mild, moderate, severe)
Low (0.8335/0.1438 / 0.0227) 1852 2716
Base case (0.7437 / 0.2247 / 0.0316) 1028 1713
High (0.6392 / 0.3218 / 0.039) 596 1209
Case-fatality rate
Low (—25%) 1369 2283
Base case (0.0092) 1028 1713
High (+25%) 824 1372
Vaccine coverage
Vaccinated
Very low (-50%) Cost saving 1124
Low (—25%) 504 1523
Base case (0.90) 1028 1713
High (+10%) 1168 1764
2 doses
Very low (-50%) 652 1286
Low (—25%) 842 1 502
Base case (0.80) 1028 1713
Vaccine efficacy
Against severe diarrhea (2 doses)
Low (0.717) 1260 2034
Base case (0.847) 1028 1713
High (0.924) 916 1559
Against severe diarrhea (1 dose)
Low (0.684) 1089 1797
Base case (0.811) 1028 1713
High (0.924) 984 1652
Costs?
Hospitalization®
Very low (-50%) 1371 2021
Low (—25%) 1200 1867
Base case (R$388.36) 1028 1713
High (+25%) 857 1560
Very high (+50%) 685 1405
Vaccine dose
Very low (-50%) Cost saving 603
Low (—25%) 467 1152
Base case (R$18.6) 1028 1713
High (+25%) 1577 2263
Very high (+50%) 2126 2 811
Discount rate®
Low (3%) 1179 1864
Base case (6%) 1329 2014
High (8%) 1428 2114

a|n 2004 Brazilian reais (exchange rate: U$1 = R$2.65, Brazilian Central Bank).
b The cost of hospitalization used for the healthcare system perspective was R$348.

¢ Costs and health consequences were discounted.

WHO (27). This outcome supports the
validity of the decision-tree analysis
results.

Another potential limitation stems
from the nature of modeling itself,
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which simplifies real-life experience.
The decision-tree model allowed for
the processing of available data—
some of it local data—to create realis-
tic ranges that incorporated parameter

uncertainties in study estimates. In a
country with huge regional and so-
cioeconomic differences, the use of
local data (e.g., direct and indirect
costs associated with rotavirus-related
diarrhea) to represent national values,
resulting in the combination of infor-
mation from different studies and
populations, may have resulted in in-
accurate estimates. However, the use
of a considerable number of national
studies on rotavirus epidemiology as
well as a very recent study of costs as-
sociated with rotavirus diarrhea (see
footnotes 3 & 4) in this study helped
mitigate this risk and increased the ex-
pected validity of the estimates.

As explained above, as the decision-
tree model does not allow for consid-
eration of reinfection, each child was
assumed to have one sole episode of
rotavirus-associated diarrhea. Based
on the 5-year cumulative incidence of
diarrhea attributable to rotavirus (esti-
mated at 1.2 per child), this incidence
is underestimated in the study model.
In addition, as explained above, as-
suming severe and moderate diarrhea
occur mainly during the first rotavirus
infection, it was decided that the
milder cases of diarrhea that do not re-
quire medical treatment should be un-
derestimated. Although the costs asso-
ciated with these mild events are
lower than the costs associated with
moderate and severe diarrhea, and
several cost-effectiveness studies did
not consider them in their analysis (10,
12-13), mild cases are numerous and
probably represent significant costs
under the societal perspective.

Several other study assumptions
regarding the vaccination program re-
quire further evaluation. Although
both rotavirus vaccines currently
available have had a reassuring safety
profile in large phase 3 clinical trials,
certain rare adverse events may only
be detected when a vaccine is intro-
duced in a routine universal program
in which millions of children are vac-
cinated. In addition, the true rate of
vaccine coverage may be lower than
study estimates; no other vaccine in
current use has an administration
schedule as strict as the rotavirus vac-
cine, so there is no baseline for esti-
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mating the level of incomplete im-
munization. In addition, the effective-
ness of the vaccine under field con-
ditions may be quite different from
the efficacy observed in clinical trials.
Finally, the potential indirect effects
of the immunization program for un-
vaccinated children (i.e., herd pro-
tection), which would lead to greater
vaccine effectiveness than that esti-
mated in the clinical trials, are not con-
sidered in the study model. Sensitivity
analysis showed that while vaccine ef-
ficacy has low impact on vaccine cost-
effectiveness, vaccine coverage could
have a great impact.

This study considered two different
perspectives (societal and healthcare
system) because it was recognized that
when allocating scarce community re-
sources, the adopted perspective
should reach beyond that of the pro-
vider (the healthcare system), which
can be too restrictive. While it is im-
possible to consider every cost and
consequence of the Vaccination Pro-
gram strategy to all members of soci-
ety, an effort was made to take account
of all variables that were measurable
and considered relevant.
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RESUMEN  Objetivo. Analizar la relacién costo-efectividad de un programa universal de vacu-
nacién contra rotavirus en nifios de hasta 5 afios en Brasil.
L . Meétodos. Se consideré una cohorte hipotética anual de aproximadamente 3 300 000
Analisis de la relacion  recién nacidos con un seguimiento de 5 afios. Mediante un modelo de arbol de deci-
costo-efectividad de la  sion se analizaron los posibles efectos clinicos y econdémicos de la infeccién por rota-
vacunacion programada virus con la 'Vacunacién progr'amada't de' nifios y s'in ella. Las probabilidqdfzs y los
contra rotavirus en Brasil costos unitarios se tomaron de investigaciones publicadas y de los datos oficiales na-
cionales. Para evaluar el impacto de diferentes estimados de los pardmetros clave se
realiz6 un andlisis de sensibilidad. El analisis se efectu6 tanto desde la perspectiva del
sistema sanitario como de la sociedad.
Resultados. Se estim6 que el programa de vacunacién evitaria aproximadamente
1735 351 (54%) de los 3 210 361 casos de gastroenteritis por rotavirus y 703 (75%) de
las 933 muertes asociadas con la infeccion por rotavirus en un periodo de 5 anos. A
un precio de la vacuna de 18,6 reales brasilefios (R$) por dosis, este programa costa-
ria R$ 121 673 966 y ahorraria R$ 38 536 514 en costos directos al sistema de salud pu-
blica y R$ 71 778 377 en costos directos e indirectos a la sociedad. El costo estimado
del programa por afio de vida salvado seria de R$ 1 028 y R$ 1 713, desde el punto de
vista de la sociedad y del sistema de salud, respectivamente.
Conclusiones. La estrategia de vacunacion universal contra rotavirus presenté una
buena relacién costo-efectividad segtin ambas perspectivas. Sin embargo, estos resul-
tados son muy sensibles a cambios en la incidencia de diarreas, la proporcion de casos
graves, la cobertura de vacunacién y el precio de la vacuna.
Palabras clave = Vacunas contra rotavirus, andlisis costo-beneficio, Brasil.
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