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Abstract
India accounts for 23% of global rotavirus mortality in under-five children, with more than 100,000 deaths from 
rotavirus annually. Introduction of a vaccine in India is considered to be the most effective intervention for 
preventing rotavirus mortality. Recent research suggests that there is considerable variation in rotavirus mortality 
burden across regional, gender and socio-economic subpopulations within India. In addition, there is potential 
variability in who would likely receive rotavirus vaccine if introduced. We use available household data to 
estimate heterogeneity in rotavirus mortality risk, vaccination benefits, and cost-effectiveness across geographic 
and socio-economic groups within India. We account for heterogeneity by modeling estimated three-dose routine 
vaccinations as a proxy for a generalized rotavirus vaccine, and mortality for subpopulations of children 
aggregated by region and state, socio-economic status and sex, separately. Results are presented for six 
geographic regions and for Bihar, Uttar Pradesh, and Madhya Pradesh, three high mortality states accounting for 
56% of national mortality estimates. Impact estimates accounting for disparities predict rotavirus vaccine 
introduction will prevent 35,000 deaths at an average cost of $118/DALY averted (7292 INR/DALY averted). 
Rotavirus vaccines are most cost-effective for the poor living in high mortality regions and states . . . Understanding 
the impact of heterogeneity can help improve strategies to maximize the benefits of rotavirus vaccination 
introduction, leading to fewer lives lost as a result of rotavirus disease.
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India accounts for 23% of global rotavirus mortality in under-five children, with more than 100,000 deaths
from rotavirus annually. Introduction of a vaccine in India is considered to be the most effective inter-
vention for preventing rotavirus mortality. Recent research suggests that there is considerable variation
in rotavirus mortality burden across regional, gender and socio-economic subpopulations within India.
In addition, there is potential variability in who would likely receive rotavirus vaccine if introduced. We
use available household data to estimate heterogeneity in rotavirus mortality risk, vaccination benefits,
and cost-effectiveness across geographic and socio-economic groups within India. We account for het-
erogeneity by modeling estimated three-dose routine vaccinations as a proxy for a generalized rotavirus
vaccine, and mortality for subpopulations of children aggregated by region and state, socio-economic
status and sex, separately. Results are presented for six geographic regions and for Bihar, Uttar Pradesh,
and Madhya Pradesh, three high mortality states accounting for 56% of national mortality estimates.
Impact estimates accounting for disparities predict rotavirus vaccine introduction will prevent 35,000
deaths at an average cost of $118/DALY averted (7292 INR/DALY averted). Rotavirus vaccines are most
cost-effective for the poor living in high mortality regions and states. Reductions in geographic and socio-

economic disparities based on regional estimates could prevent an additional 9400 deaths annually, while
reductions in socio-economic disparities in the three highest morality states alone could prevent an addi-
tional 10,600 deaths annually. Understanding the impact of heterogeneity can help improve strategies
to maximize the benefits of rotavirus vaccination introduction, leading to fewer lives lost as a result of
rotavirus disease.

© 2014 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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surveillance to maximize vaccine effectiveness [13] and
pecially important in India.
t research suggests that the burden of rotavirus mortal-

India differs across states and regions [14]. At the state
highest rates of rotavirus mortality are found in Bihar,

desh and Madhya Pradesh, jointly accounting for more
of rotavirus deaths in India. Regionally, rotavirus deaths
st in central India, followed by northern, while lowest in
ndia. In addition to regional heterogeneity, rotavirus mor-
s amongst girls (4.89 deaths/1000 live births) in India are
be 42% higher than amongst boys (3.45 deaths/1000 live
4]. Socio-economic differences play a role as well. Known
l risk factors associated with diarrheal mortality such as
ernourished [15] and scoring low on composite measures

pometric failures occur more often in poor households in
].
search in India has revealed regional, socio-economic and
isparities in routine immunization rates [17,18]. Socio-

disparities in burden are found to correspond with
s in access to routine vaccination, with children belonging

orest households having the highest rotavirus deaths and
t estimated vaccination rates [7]. Gender-based dispari-
es of childhood immunization have been shown as well;
reported to have lower vaccination rates than boys and,

rotavirus mortality, there is significant variation across
regions [19,20]. Moreover, girls at higher birth orders are

have a greater chance of missing vaccination doses, than
. These disparities, left unchanged, reduce the potential
d cost-effectiveness of rotavirus vaccination [7].

urpose of this study is to use the best available data on
mortality, health care cost, vaccine access, and efficacy to
the impact and cost-effectiveness of rotavirus vaccination
fferent geographic and socio-economic settings in India.
xamine alternative strategies for increasing the impact of
troduction.

ials and methods

view

e a spreadsheet-based model developed in Microsoft Excel
timate the expected health and economic outcomes for
al birth cohort of children during the first 5 years of life.
e known heterogeneity by geography, socio-economic
gender, we model a series of sub-populations sepa-

ecifically, we consider six geographic regions (based on
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endently calculate results for three high mortality states

ttar Pradesh, and Madhya Pradesh). Within each geo-
rea we group children into five wealth quintiles based
index [23]. As a result, the modeling unit of analysis is
ic area × wealth quintile × sex.
outcomes are discounted at 3% and costs are estimated

S dollars.

en of rotavirus mortality

ll estimates of rotavirus mortality by region, state and sex
from Morris et al. [14] (Table 1). However it is likely

e is substantial heterogeneity in rotavirus mortality risk
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where RV
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sed data from the 2005 to 2006 India National Family
rvey III (NFHS-3) [24] to calculate individual risk index
well as mean values for each subpopulation, account-
mplex survey design in Stata (version 12) [25]. The risk
umes that an individual child’s risk of rotavirus mor-
function of the child’s nutritional status (as measured

t-for-age) and the likelihood of receiving rehydration if
periences a diarrheal event. The existing literature sug-
t both factors are strongly and quantitatively linked to
mortality (although not specifically rotavirus mortality)
nutritional risk factor was developed for each child based

weight for age and a linearized estimate of relative risk
lfield et al. [15] (WFAi). Since data on rehydration is only
for children with an episode of diarrhea in the previous 2

e estimated the individual propensity for receiving rehy-
y fitting a logistic regression model to predict rehydration
age, asset index score, gender and state. We then used
ICT function in Stata (version 12) [25] to estimate the

ty for all children (PrORSi). The individual risk factor for
on was calculated for each child as the product of their
ty score and 0.07 (ˇORS), based on the estimated 93% effec-
f appropriate rehydration from Munos et al. [26]. For each
wealth quintile (q) and sex (s) sub-population, the mean
was calculated based on Equation (1).

exr,q,s =
∑Nr,q,s

i
ˇORS · PrORSi · WFAi

Nr,q,s
(1)

er to test this individual risk model, we examined the
n between state-wide averages generated as described
ith the statewide mortality estimates from Morris et al.

er to estimate the distribution of rotavirus mortality
ographic-economic-gender subpopulations we combined
ndex and the mortality estimates by geographic area and
om Morris et al. [14]. The risk index for each wealth quin-
normalized by dividing by the mean risk index for the
ding geographic area and gender subpopulation (Equa-
This ensures that the total mortality for any geographic

gender is the same as Morris et al. [14], while maintaining
ted distribution across wealth quintiles based on individ-
actors and quantitative relative risk estimates from the
. Rotavirus mortality burden is estimated as deaths per
births.

r,q,s = RVMortr,s · RVRiskIndexr,q,s

RVRiskIndexr,s
(2)

bpopulation means were calculated using appropriate
eights based on the design of each survey.
lity risk was converted into Disability Adjusted Life Years
ased on standard methods using age weighting and dis-
[27,28]. Previous studies have shown that over 98% of

sociated with rotavirus diarrhea in low income settings are
d with mortality [29,30], as a result we have not estimated
sociated with morbidity from acute cases.
timated timing of projected deaths by combining overall
mortality estimates for each subpopulation and the esti-
e distribution of events from Morris et al. [14], combined
itional data from Clark and Sanderson [31,32]. Monthly
re estimated for the first year of life, and annually for
quent 4 years of life. For any subpopulation and period
ty burden is estimated in Equation (3), as:

r,q,s,t = RVTimet · RVBurdenr,q,s (3)
Timet is the fraction of deaths occurring in time period t.
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Table 1
Input values, ranges, and references for variables used in the analysis.

Input Value** Range Reference

Rotavirus mortality Deaths
National rotavirus mortality rate among
children under 5 (deaths/1000 live births)

4.1 3.1–5.7 99% CI; lognormal distribution [14]

Regional and state rotavirus mortality rate Various Lognormal distribution with 99% CI
proportional to national estimate

[14]

Risk factors for mortality by sub-group† [24]
RV vaccine – efficacy

Full course (three doses) – 1st year 50% 40–60%; triangular [8,47]
2 Dose – 1st year 25% 15–35%; triangular Assumption
1 Dose – 1st year 10% 0–20%; triangular Assumption
Full course (three doses) – Year 2 and later 45% 35–55%; triangular
2 Dose – Year 2 and later 25% 15–35%; triangular
1 Dose – Year 2 and later 10% 0–20%; triangular

Vaccination
1, 2, and 3 dose coverage (by sub-group) Various [34]
Vaccination timing (by sub-group) Various [33]

Medical costs
Mean medical cost per child (US$) $2.50 $1.25–3.75; triangular [40,41]
Healthcare utilization by sub-group [24]
Pharmacy $0.47 [42]
Healer $0.47 [42]
Public (in/out patient) $1.81 [40,41]
Private out patient $3.04 [41]
Private in patient $74.98 [40]

Vaccine costs
Dose (US$) $1.25 $0.50–$1.50; triangular Assumption
Administration (US$) $1.25 $0.50–$1.50; triangular [8]

†NFHS risk –1126
** 1 2013
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cEffd,t is the incremental protection of each dose d during
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individual risk and vaccine access at the region-quintile-
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Table 2
Distribution of treatment sought for diarrheal episodes for children 12–23 months of age by wealth status, setting and region.

Wealth quintiles Setting Region

Poorest Second Middle Fourth Richest Urban Rural North Central East Northeast West South

Treatment % (SE)
None 33.0 (4.5) 29.5 (3.7) 24.8 (3.8) 19.1 (3.5) 15.3 (3.7) 22.7 (2.8) 26.8 (1.9) 19.5 (3.4) 25.4 (2.7) 25.2 (3.7) 46.9 (4.6) 22.8 (3.7) 29.4 (4.2)
Public inpatient

Hospital 3.6 (1.6) 3.0 (1.4) 9.3 (2.4) 6.6 (1.6) 5.1 (2.2) 10.2 (1.8) 3.4 (0.8) 5.3 (1.6) 4.2 (1.2) 3.6 (1.4) 2.6 (0.8) 4.7 (1.7) 13.2 (3.1)
UHC 0.0 (0.0) – – – – – – – – – – – –
CHC 9.1 (2.4) 6.9 (2.0) 6.7 (2.4) 5.4 (2.0) 5.5 (2.1) 4.5 (1.3) 7.9 (1.1) 4.4 (1.3) 6.1 (1.6) 6.4 (1.5) 3.9 (1.5) 10.3 (2.9) 8.6 (2.6)

Public outpatient
Dispensary 0.4 (0.0) 0.4 (0.4) 0.8 (0.4) 1.8 (0.5) 1.0 (0.5) 1.3 (0.4) 0.6 (0.2) 8.6 (2.0) – 0.1 (0.1) 3.7 (2.4) – 0.8 (0.8)
Mobile clinic – 0.7 (0.8) – 0.8 (0.9) – – 0.4 (0.3) – 0.4 (0.4) – – 0.9 (0.9) –
ASHA – – – – – – – – – – – – –
Sub-centre 2.1 (1.2) 3.0 (1.5) 1.4 (1.1) 0.2 (0.2) – – 2.1 (0.6) – 2.6 (0.9) 1.2 (0.8) 1.7 (1.0) 1.6 (1.1) –
Camp – 0.0 (0.0) 0.1 (0.1) – – 0.1 (0.1) 0.0 (0.0) 0.2 (0.2) – – 0.2 (0.2) – –
Anganwadi 1.9 (1.3) 1.3 (0.9) – 0.8 (0.7) – – 1.3 (0.5) – 0.3 (0.3) 2.2 (1.1) 0.4 (0.4) 0.7 (0.7) 0.8 (0.8)
Other public – 0.7 (0.8) – 0.7 (0.5) – 0.2 (0.2) 0.3 (0.2) – – 0.7 (0.6) 2.3 (2.2) – –

Private inpatient
Hospital 3.1 (1.6) 5.0 (1.5) 9.2 (2.8) 14.4 (3.0) 28.6 (4.2) 18.1 (2.6) 7.5 (1.1) 16.2 (3.0) 4.9 (1.2) 4.3 (1.7) 3.1 (1.4) 17.5 (3.4) 29.1 (4.6)
NGO Hospital/Clinic 0.0 (0.0) 0.5 (0.6) – – – 0.0 (0.0) 0.2 (0.2) – – – 0.3 (0.2) 0.7 (0.7) –

Private outpatient
Doctor/Clinic 31.8 (5.1) 31.2 (3.9) 34.2 (4.7) 39.5 (4.6) 41.9 (5.2) 35.4 (3.0) 34.8 (2.3) 35.1 (4.1) 42.3 (3.1) 32.0 (4.7) 11.2 (3.4) 38.0 (4.4) 22.4 (3.8)
Paramedic 0.7 (0.8) 0.2 (0.3) 0.6 (0.4) 0.9 (0.5) 0.4 (0.5) 0.2 (0.2) 0.7 (0.3) 5.2 (1.9) 0.6 (0.4) 0.2 (0.2) 0.1 (0.1) – –
Homeopathic 1.3 (1.3) 1.5 (1.0) 1.4 (1.2) 0.7 (0.6) 1.3 (1.1) 1.0 (0.6) 1.4 (0.5) 1.3 (0.9) 0.7 (0.5) 2.8 (1.3) 5.2 (3.1) – –
Private other 7.8 (2.5) 10.6 (2.7) 7.9 (2.8) – 0.1 (0.2) 0.1 (0.1) 8.2 (1.3) 0.3 (0.3) 4.4 (1.2) 16.2 (3.3) 0.3 (0.2) – –

Pharmacy
Pharmacy/store 0.7 (0.7) 3.6 (2.0) 2.1 (1.5) 2.3 (1.5) 0.9 (1.1) 0.9 (0.7) 2.3 (0.8) 0.9 (0.9) 2.4 (1.0) 2.1 (1.3) – 2.5 (2.0) 0.7 (0.7)
Shop 6.0 (2.5) 3.5 (1.3) 4.7 (1.7) 7.4 (2.5) 3.0 (1.6) 7.1 (1.4) 4.2 (0.9) 4.3 (1.7) 6.7 (1.4) 6.2 (1.9) 18.4 (4.7) 0.7 (0.7) –

Healer
Traditional healer 1.1 (0.8) 0.6 (0.7) 1.0 (0.8) – – – 0.8 (0.3) – 0.9 (0.6) 0.3 (0.3) – 0.7 (0.7) 0.7 (0.7)
Children (N) 244 256 274 288 239 481 820 188 335 232 238 165 143
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ble for all of these categories we estimated the relative
ed on available published data (Table 1) and applied cost

to reported categories of treatment facility or provider
3. Relative costs were then rescaled to have a mean of 1
iplied by the average cost per child from the literature (to
e same mean cost per child). Costs were estimated as a
ction of region, urban/rural, and wealth index, imputed

ildren without data using the PREDICT function in STATA
elative cost measure was then applied to the estimated
mean direct medical cost of rotavirus [41] to calculate a
avirus cost by geographic and socio-economic setting.
d medical costs (AvertCostr,q,s) were then estimated for
population by combining information on the coverage
cy of each dose by time period with information on the
medical cost over time. All costs were adjusted to 2013

$ = 61.8 Indian rupees, INR).

q,r,s =
∑

d,t

Covd,r,q,s,t · VacEffd,t · MedCostq,r,s,t (6)

cremental cost of the intervention (IntCostq,r,g) includes
nd administration costs. Intervention costs were esti-
suming a baseline vaccine price of $1.25 (77.3 INR) per
stage of 10% and an incremental administration cost of
dose [8]. The cost parameters were varied in the sensitiv-
is (Table 1).
ain outcome measure was the incremental cost-

ess ratio (ICERq,r), which was estimated for each
ic and economic subpopulation.

IntCost − AvertCostq,r,s

VacBenefitq,r,s
(7)

itivity and uncertainty analysis

es of analyses were conducted to assess the impact of
ty to predicted outcomes. One-way sensitivity analyses
d to estimate the effect of changes in individual input
(ranges listed in Table 1). A probabilistic sensitivity anal-

) using Monte Carlo analysis was used to assess the effect
aneous changes in multiple input variables. Key input
were characterized as distributions (Table 1) and a simu-
cedure using 10,000 iterations was conducted in Crystal
to develop a distribution of estimated impact and cost-
ess by region. Lastly, specific scenarios were examined
on-time vaccination, equitable coverage, and full cover-

ition, we developed an “Equal risk” scenario where we
homogeneous RV mortality risk and treatment costs. We
scenario to approximate the estimated benefits and cost-
ess ratio if inter and intra region disparities were not
d.

ts

th and medical cost burden by setting

ated mortality and direct medical costs are shown for each
intile sub-group (Fig. 1a) and state-quintile sub-group
In the figures, each line represents a different region or
each of the dots represent different wealth quintiles.

e in mortality among regions reflects the differences esti-
Morris and colleagues [14]. Within all of the regions,
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rence is driven by an increased likelihood of treatment
rticular increased utilization of private hospitals (Table 2).
ferences were observed across the three high mortality
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ct of vaccination

stimate that vaccine introduction will reduce rotavirus
urden by 30% to 39% depending on the region, with the
ercent reduction estimated in the South (39%), followed
rth (34%) and West regions (34%), Table 3. The absolute

enefits (deaths averted per 1000 births) also varied across
anging from 0.55 to 1.66 rotavirus deaths per 1000 births,
highest benefits estimated in Central, Northeast, and East

t varied substantially within regions as well. Fig. 2 shows
ated effectiveness by geographical region and economic
r all regions, the highest percent reduction in burden was
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itable reduction was estimated in the South, ranging from
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rly in the Central, East and Northeast regions. Estimated
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ions, respectively.
timated health benefits with current coverage and poten-
age are shown in Fig. 3. The highest potential additional
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uld increase benefit estimates by 23%, preventing 9400
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ates would increase by 55%, 76% and 71%, respectively,
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Table 3
Estimated impact, costs, and cost-effectiveness of rotavirus vaccination for regions and selected states in India based on data from CES 2009a.

Burden (RV
deaths/1000
births)

Benefits (RV deaths
averted/1000
births)

% Reduction Costs averted
($/1000 births)

Vaccination costs
($/1000 births)

CER ($/DALY
averted)

Equal risk benefits (RV
deaths averted/1000
births)

Equal risk CER
($/DALY
averted)

National 3.71 1.22 33.7 1089 6821 139 1.40 124
Region

Central 5.49 (4.45, 6.83) 1.66 (1.32, 2.10) 30.3 (27.0, 33.0) 418 (248, 591) 6367 (3343, 11152) 105 (50, 199) 1.28 129
East 4.66 (3.78, 5.81) 1.40 (1.11, 1.77) 30.0 (27.0, 33.0) 462 (274, 657) 6340 (3336, 10995) 124 (58, 236) 1.28 128
North 3.23 (2.63, 4.01) 1.11 (0.88, 1.40) 34.2 (31.0, 37.0) 1304 (781, 1852) 6841 (3610, 11659) 147 (58, 291) 1.47 120
Northeast 4.82 (3.92, 6.01) 1.54 (1.23, 1.95) 32.0 (29.0, 35.0) 345 (205, 485) 6552 (3451, 11455) 118 (57, 223) 1.36 124
South 2.50 (2.03, 3.11) 0.97 (0.77, 1.22) 38.6 (35.0, 42.0) 2233 (1349, 3169) 7491 (3895, 12947) 160 (46, 349) 1.60 120
West 1.64 (1.33, 2.04) 0.55 (0.44, 0.69) 33.5 (30.0, 36.0) 1372 (811, 1937) 6937 (3655, 11941) 298 (117, 600) 1.44 124

State
Bihar 6.30 (5.12, 7.81) 1.62 (1.29, 2.04) 25.7 (24.0, 28.0) 398 (236, 564) 5648 (2948, 9812) 95 (44, 181) 1.10 134
Madhya Pradesh 6.20 (4.38, 6.72) 1.44 (0.96, 1.53) 23.3 (20.0, 24.0) 388 (180, 425) 5253 (2573, 8278) 99 (53, 206) 0.97 129
Uttar Pradesh 5.40 (5.02, 7.77) 1.21 (1.14, 1.81) 22.5 (21.0, 25.0) 301 (232, 548) 4825 (2772, 9120) 110 (47, 189) 1.02 134

a Lower (5%) and upper (95%) bound estimates from the probabilistic sensitivity analysis in parentheses following means.
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n the cost-effectiveness ratio are shown in Fig. 4. For
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12 $
form
with
with

T
unce
grap
varia
cost
mate
CER,
unce

T
cost
accounted for the greatest uncertainty in impact (results
n). We also examined the effects of specific scenarios on
ime delivery of vaccine doses and uniform medical costs.
delivery reduced the CER in all regions (between 3 and

in Table 3
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analysis demonstrated that vaccination administration
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rotavirus mortality contributed over 80% of the overall
ty of the health impact of vaccination.

ffect of accounting for disparities in mortality risk and
be seen in the comparison to the “Equal Risk” scenario

. Assuming equal RV mortality risks and treatment costs

sult in a 15% overestimation of benefit at a national level
.44 deaths averted/1000 births). It also would result in an

imation of the benefits of introducing vaccination in high
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the primary justification for vaccination is the potential
in diarrheal mortality. In contrast, in lower mortality

er wealth groups, the primary benefit is the potential
ing costs. Of course, in a given population both eco-
d health benefits occur, but their relative magnitudes will

rrent study has several important limitations. The esti-
rotavirus mortality by region are based on Morris et al.
le these are the most recent published estimates by region,
al data is approximately a decade old. Changes in under-

rtality may reduce the differences observed between and
gions. We used a wide range of mortality estimates to
his in our sensitivity analysis. There is also uncertainty in
stimated rotavirus mortality within regions using risk fac-
ublished risk estimates. Other risk factors not considered
increase or decrease disparities in rotavirus mortality

onomic groups. This analysis only follows one birth cohort
not account for possible changes in coverage equity in

nt cohorts as suggested by Victora et al. [45]. The current
uggests that healthcare utilization patterns vary across
ic and socio-economic groups, resulting in differences in
costs and potential cost savings. Although we attempted
t for these differences in utilization, we did not account

tial differences in the cost associated with different levels
different settings. For example, the costs of private out-

r inpatient care might be greater in higher income areas.
l data on differences in both utilization and unit costs
ent are needed to develop better estimates. The current
ed a relatively crude approach to modeling waning of pro-

ith uniform protection during the first year of life and
fficacy thereafter. A more nuanced model accounting for
g of vaccination would provide more realistic estimates.
e results demonstrate that estimated risk and vaccina-
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x A). Further analysis shows that there are also correla-
ween risk and access within these sub-groups. However,

severe u
WFA −2
weight-fo
index) ca

Overall Poorest Poorer Mid

1 2 3 1 2 3 1 2 3 1

sk −0.34* −0.35* −0.35* −0.25* −0.28* −0.23* −0.31* −0.32* −0.34* −0
2 sd −0.13* −0.14* −0.16* −0.12* −0.12* −0.13* −0.08* −0.11* −0.12* −0
3 sd −0.13* −0.15* −0.17* −0.09* −0.11* −0.12* −0.10* −0.15* −0.16* −0
index −0.25* −0.27* −0.28* −0.18* −0.20* −0.18* −0.20* −0.25* −0.27* −0

8204 1424 1458 1510

sk −0.31* −0.32* −0.34* −0.28* −0.30* −0.20* −0.15* −0.11* −0.15* −0
2 sd −0.08* −0.11* −0.12* −0.08 −0.07 −0.08 −0.06 −0.11* −0.13* 0
3 sd −0.10* −0.11* −0.11* −0.06 −0.05 −0.03 −0.05 −0.12* −0.11* 0
index −0.19* −0.22* −0.22* −0.16* −0.15* −0.11* −0.09 −0.17* −0.15* −0

2125 355 364 360

sk −0.35* −0.39* −0.36* −0.30* −0.32* −0.28* −0.31* −0.38* −0.43* −0
2 sd −0.11* −0.14* −0.16* −0.09 −0.11 −0.12 −0.06 −0.10 −0.12 −0
3 sd −0.14* −0.17* −0.19* −0.13 −0.20* −0.18* −0.09 −0.13 −0.17* −0
index −0.24* −0.28* −0.29* −0.19* −0.24* −0.21* −0.16* −0.23* −0.29* −0

1389 231 241 246

k −0.21* −0.22* −0.21* −0.19* −0.14 −0.07 −0.12 −0.08 −0.09 −0
2 sd −0.16* −0.15* −0.15* −0.13 −0.07 −0.08 −0.05 −0.04 0.01 −0
3 sd −0.15* −0.14* −0.17* −0.11 −0.04 −0.11 −0.16 −0.17 −0.20* −0
index −0.22* −0.22* −0.23* −0.14 −0.08 −0.09 −0.15 −0.12 −0.12 −0

1144 234 219 225
t
k −0.13* −0.17* −0.15* 0.03 −0.06 −0.04 −0.22* −0.26* −0.17 −0
2 sd −0.12* −0.11* −0.17* −0.01 0.10 −0.18 −0.14 −0.17 −0.21 −0
3 sd −0.11* −0.06 −0.13* −0.03 0.07 −0.11 −0.18 −0.09 −0.08 −0
index −0.19* −0.18* −0.24* −0.02 0.07 −0.17 −0.29* −0.29* −0.25 −0

1481 262 275 278

k −0.32* −0.33* −0.33* −0.21* −0.26* −0.34* −0.24* −0.31* −0.17 −0
2 sd −0.08* −0.11* −0.11* −0.14 −0.17* −0.15 0.02 −0.01 −0.02 0
3 sd −0.10* −0.14* −0.13* −0.04 −0.12 −0.08 −0.04 −0.04 −0.05 0
index −0.19* −0.23* −0.21* −0.12 −0.18* −0.15 −0.07 −0.10 −0.09 −0

928 165 169 187
140–A150

nt analysis does not adjust for this fact. This correlation,
er coverage among higher risk children, may result in an
ate of the benefits of vaccination. Further analysis and
amic models may be helpful in better understanding the
overestimation.

few exceptions [46] most economic evaluations of new
do not explicitly consider heterogeneity in economic costs
health benefits of vaccination. Evaluations at this level

light the effect that disparities may have on the impact
interventions, and could eventually lead to the develop-

strategies that will optimize impact. Understanding the
heterogeneity could strengthen ongoing and future efforts
ve vaccination coverage, with the aim of maximizing the
and improving the equity of vaccine access for rotavirus
r vaccines in India.
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x A.

ated correlation between DPT doses and likelihood of
oral rehydration solution (ORS risk), moderate and

nder-nutrition (−2 standard deviations weight-for-age;
sd), severe under-nutrition (−3 standard deviations

r-age; WFA −3 sd), and overall rotavirus risk (RV Risk
lculated for the NFHS-3 (2006–2007).

dle Richer Richest

2 3 1 2 3 1 2 3

.35* −0.33* −0.32* −0.30* −0.32* −0.31* −0.26* −0.25* −0.26*

.06 −0.08* −0.09* −0.08* −0.07* −0.11* −0.10* −0.12* −0.14*

.04 −0.08* −0.12* −0.14* −0.11* −0.13* −0.14* −0.11* −0.10*

.18* −0.20* −0.22* −0.22* −0.20* −0.23* −0.24* −0.22* −0.23*
1722 2090

.30* −0.27* −0.26* −0.30* −0.29* −0.30* −0.25* −0.25* −0.31*

.00 0.01 0.00 −0.02 −0.02 −0.02 −0.08 −0.13* −0.14*

.03 0.05 0.01 −0.12* −0.09 −0.08 −0.17* −0.14* −0.13*

.06 −0.05 −0.07 −0.17* −0.14* −0.15* −0.24* −0.25* −0.25*
425 621

.32* −0.32* −0.27* −0.30* −0.34* −0.31* −0.25* −0.24* −0.21*

.04 −0.10 −0.15* 0.00 0.02 −0.02 −0.12 −0.12 −0.13

.02 −0.10 −0.20* −0.13 −0.08 −0.13 −0.14 −0.10 −0.06

.15* −0.21* −0.26* −0.17* −0.13 −0.15* −0.22* −0.20* −0.18*
279 392

.08 −0.07 −0.06 −0.14 −0.26* −0.18* 0.03 0.01 0.01

.10 −0.04 −0.03 −0.09 −0.18* −0.14 −0.04 −0.12 −0.12

.07 −0.04 −0.04 −0.01 −0.15 −0.14 0.03* 0.05* 0.00

.14 −0.09 −0.07 −0.06 −0.31* −0.25* 0.00 −0.03 −0.05
240 226

.12 −0.14* −0.14 −0.07 −0.13 −0.17* −0.09 −0.11 −0.05

.13 −0.11 −0.07 0.06 −0.01 −0.06 −0.04 0.00 0.01

.12 −0.09 −0.03 −0.08 −0.03 −0.24 −0.01 0.00 −0.06

.21 −0.23* −0.17 0.02 −0.01 −0.18 −0.13 −0.11 −0.09
304 362
.29* −0.21 −0.18 −0.25* −0.22* −0.14 −0.09 −0.12 −0.21*

.07 0.06 0.12 −0.01 −0.04 −0.10 0.12* 0.04 0.03

.06 0.02 0.06 −0.10 −0.11 −0.12 0.04* −0.07 0.00

.01 −0.04 0.07 −0.13 −0.13 −0.12 0.07 −0.06 −0.05
214 193
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