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ABSTRACT
While current live, oral rotavirus vaccines (LORVs) are reducing severe diarrhea everywhere, their effective-
ness is lower in high burden settings. Alternative approaches are in advanced stages of clinical development, 
including injectable next-generation rotavirus vaccine (iNGRV) candidates, which have the potential to 
better protect children, be combined with existing routine immunizations and be more affordable than 
current LORVs. In an effort to better understand the real public health value of iNGRVs and to help inform 
decisions by international agencies, funders, and vaccine manufacturers, we conducted an impact and cost- 
effectiveness analysis examining 20 rotavirus vaccine use cases. We evaluated several currently licensed 
LORVs, one neonatal oral NGRV (oNGRV), one iNGRV, and one iNGRV-DTP (iNGRV comprising part of a DTP- 
containing combination) over a ten-year timeframe in 137 low- and middle-income countries. The most 
promising use case identified was a high efficacy iNGRV-DTP, predicted to have the lowest vaccine program 
cost (US$1.4 billion), the highest vaccine benefit (750,000 rotavirus deaths averted, 13 million rotavirus 
hospital admissions averted, US$ 2.7 billion health-care cost averted), and most favorable cost-effectiveness 
(cost-saving). iNGRV-DTP vaccine remained the most affordable, safe, and cost-effective option even when it 
was assumed to have equivalent efficacy to the current LORVs. This study shows that while the development 
of iNGRVs with superior efficacy to currently licensed LORVs would be ideal, iNGRVs with similar efficacy to 
LORVs would offer substantial public health value. It also highlights the economic value of accelerating the 
development of DTP-based combination vaccines that include iNGRV to provide rotavirus protection.
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Introduction

Rotavirus remains the leading cause of diarrhea deaths globally 
despite the availability of vaccines. In 2019, rotavirus caused 
approximately 150,000 deaths in children younger than 5 years 
of age.1,2 Most of the rotavirus burden is found in low- and 
middle-income countries (LMICs). Live oral rotavirus vaccines 
(LORVs) have been available for more than a decade and are 
currently used in the national immunization programs of 110 
countries worldwide.3 LORVs have contributed to reducing the 
global rotavirus burden and are cost-effective interventions in 
most contexts.4–9 However, clinical trials of LORVs have reported 
lower efficacy in LMICs where the rotavirus mortality burden is 
highest.10 In addition, several studies of LORVs have reported an 
elevated risk of intussusception, a rare but serious bowel disorder, 
in some settings, occurring shortly after administration of the first 
and second dose.11,12 While other studies have reported no ele-
vated risk of intussusception13–15 and modeling studies have 
shown that the benefits would strongly outweigh any potential 
risk,16 it is possible that concerns about vaccine safety may still be 
a barrier to adoption of LORVs in some countries.

One possible pathway to enhanced rotavirus vaccine impact 
and safety is the development of injectable next-generation 
rotavirus vaccines (iNGRVs).17–20 Several iNGRVs are in devel-
opment, with the most advanced in the pipeline being the trivalent 

P2-VP8 candidate (SK chemicals, Seongnam, South Korea).20,21 

The intramuscular administration of iNGRVs offers three poten-
tial benefits. First, it is possible that iNGRVs could offer higher 
vaccine protection than LORVs in LMICs. Second, avoiding the 
oral route of administration may eliminate any safety concerns 
associated with intussusception. Third, iNGRVs could be com-
bined with other injectable vaccines in the future, such as 
diphtheria, tetanus, pertussis (DTP)-containing vaccines like 
DTP pentavalent (diphtheria, tetanus, pertussis, haemophilus 
influenzae type B, hepatitis B).18,20

In parallel to clinical development, efforts to better under-
stand the real public health value of iNGRVs are underway. This 
modeling study contributes to this effort, using recently updated 
information about the burden of rotavirus disease and the dif-
ferent rotavirus vaccine products, including the trivalent P2-VP8 
candidate.16,22 In this analysis, we explored the potential benefits, 
risks, and cost-effectiveness of different use cases of an iNGRV 
i.e. different iNGRV schedules and co-administration scenarios. 
Because there are no clinical efficacy trial data yet available for 
iNGRVs, we compared scenarios in which iNGRV had efficacy 
equivalent to that of licensed LORVs, as well as scenarios assum-
ing iNGRV would have substantially higher efficacy. We also 
modeled scenarios of the potential impact and cost-effectiveness 
of oral next-generation rotavirus vaccines (oNGRVs) because 
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some are close to licensure and may exhibit higher efficacy, most 
notably the neonatal vaccine RV3-BB (Biofarma, Bandung, 
Indonesia).23 We aimed to identify the most promising use 
cases and understand scenarios in which iNGRV could represent 
a viable alternative to oral rotavirus vaccines. More broadly, this 
analysis can help inform vaccine development and testing, pol-
icy, and investment decisions by international agencies, funders, 
and vaccine manufacturers.

Methods

Study design

We modeled the potential benefits, risks, and cost-effectiveness 
of a series of rotavirus vaccine use cases and product profiles for 
infants in 137 LMICs, from the societal perspective, from 2025 to 
2034. We chose 2025 as our start year as this is the earliest 
expected World Health Organization prequalification year for 
the leading candidate, trivalent P2-VP8. We evaluated several 
currently licensed LORVs (ROTAVAC®, ROTASIIL®, and 
ROTARIX®), one neonatal oNGRV (e.g. RV3-BB), one iNGRV 
(e.g. trivalent P2-VP8) and one iNGRV-DTP (e.g. trivalent P2- 
VP8 comprising part of a DTP-containing combination vac-
cine). In the absence of available evidence about the feasibility 
of combining a rotavirus component with DTP-pentavalent or 
DTP-hexavalent, we assumed that such a combination would 
not create any physicochemical or immunological interference. 
We compared each option to no vaccination and to each other.

We used UNIVAC version 1.4.16, a proportionate outcomes 
model developed at the London School of Hygiene and Tropical 
Medicine, which has been described in detail elsewhere.6,16,24–30 In 
brief, the model generates estimates of rotavirus disease events 
(cases, clinic visits, hospital admissions, deaths), intussusception 
disease events (cases, hospital admissions, deaths), and costs (vac-
cine program costs, healthcare costs) with or without rotavirus 
vaccination. UNIVAC is a static model and does not account for 
indirect effects of vaccination. The primary outcome measure is 
the cost (US$) per Disability Adjusted Life Year (DALY) averted. 
We interpret results using a range of thresholds covering .25 to 1 
times each country’s Gross Domestic Product per capita (GDP  
p.c.), examining the percentage of countries where vaccines and 
vaccine use cases would be considered cost-effective under these 
benchmarks.31 We used a 3% discount rate on costs and outcomes 
and all costs in the analysis are reported in 2018 US$.

Rotavirus disease burden

We assume that when infected with rotavirus, children under 
five will experience either a non-severe or a severe rotavirus 
gastroenteritis (RVGE) episode. We assume non-severe epi-
sodes resolve with or without seeking care in an outpatient 
setting while severe episodes resolve or are fatal, after seeking 
care in outpatient or inpatient settings or without seeking care. 
This study uses similar methods and data from previously 
published studies, including country-specific rates for non- 
severe cases, severe cases, clinic visits, hospital admissions 
and deaths aged <5 years caused by RVGE in the absence of 
vaccination (Table S1). In the event a country has already 
introduced an RV vaccine, disease burden estimates in the 

absence of vaccination are estimated from the most recent pre- 
vaccine year. All RVGE events were distributed into weeks of 
age <5 years.6,16

We included intussusception as a severe adverse event 
(SAE) in the analysis for LORVs and oNGRVs. We assumed 
a lower risk for oNGRV than for LORVs, and no elevated risk 
associated with iNGRVs and iNGRV-DTP. We estimated the 
number of excess intussusception cases, hospitalizations and 
deaths using previously described methods (Table S2).9,16 The 
relative risks of intussusception in the 1–7- and 8–21-day 
periods after the first and second doses were based on 
a global meta-analysis of self-controlled case series studies.16

Vaccination scenarios and efficacy assumptions

We evaluated 20 vaccine use case scenarios for different combi-
nations of LORVs, oNGRV, iNGRV, and iNGRV-DTP. Because 
it is theoretically possible that increased overall rotavirus vaccine 
efficacy would occur if LORVs were administered alongside 
iNGRVs, we also evaluated various co-administration scenarios 
of these options (Table 1). Licensed LORVs are modeled using 
a base efficacy scenario informed by existing pooled estimates of 
vaccine efficacy by duration of follow-up from all published 
LORV randomized controlled trials as compiled by Clark et al. 
for low-, medium-, and high-mortality settings,32 and assuming 
all licensed LORVs (ROTARIX, ROTAVAC, ROTASIIL) confer 
similar protection (Table 1, Figure 1). The scenario for oNGRV 
is evaluated using a moderately higher efficacy than used for 
licensed LORVs based on data from the RV3-BB clinical trial in 
Indonesia (Table 1, Figure 1).23 Finally, the base cases for 
iNGRV and iNGRV-DTP assume a hypothetical substantially 
higher efficacy than used for licensed LORVs (Table 1, Figure 1). 
In the high mortality countries (n = 82), the moderately higher 
and substantially higher efficacy scenarios represent approxi-
mately a relative increase of 25% and 50% in cumulative efficacy 
after 12–18 months of follow-up, respectively, compared to the 
licensed LORVs. For medium mortality countries (n = 36), the 
increases were 5% and 10%, respectively. For low mortality 
countries (n = 19), the increases were 2% and 5%, respectively 
(Table 1, Figure 1). However, because there is substantial uncer-
tainty about the potential efficacy of NGRVs, we also evaluated 
iNGRV and iNGRV-DTP with an efficacy comparable to 
licensed LORVs, and oNGRV with a substantially higher efficacy 
(Table 1). We present both the cumulative vaccine efficacy (cVE) 
and instantaneous vaccine efficacy (iVE) in Figure 1 and Table 1. 
The cVE corresponds to the main outcome reported in rando-
mized controlled trials, i.e. the VE over a period of many weeks. 
But if there is evidence of vaccine waning, the cVE over the 
entire follow-up period might be different to the iVE at different 
times within that period of follow-up. For example, the VE after 
12 months of follow-up could be 60%, but if there is waning, 
then the VE between 0–3 months of follow-up could be much 
higher (e.g. 80%) than the efficacy between 9–11 months of 
follow-up (e.g. 40%). Reporting the cumulative efficacy between 
0 and 12 months of follow-up gives an accurate picture of the 
overall/average efficacy for the entire period, but masks differ-
ences in efficacy at specific times within that period of follow- 
up.32 

e2040329-2 F. DEBELLUT ET AL.



Table 1. Vaccination scenarios evaluated.

Rotavirus 
vaccine 

Schedule proxy Other RV 
vaccines 
given with 

Total 
vaccine 
doses 

Rotavirus vaccine efficacy 

Label 

Low 
mortality* 

(n=19)

Medium 
mortality* 

(n=36)

High 
mortality* 

(n=82)
2w 12m 2w 12m 2w 12m 

ROTAVAC DTP1, DTP2, DTP3 - 3 
VE equivalent to existing 
prequalified LORVs** 

100%

95% 

91% 

76% 

78% 

45% ROTASIIL DTP1, DTP2, DTP3 - 3 
ROTARIX DTP1, DTP2 - 2 
oNGRV BCG, DTP1, DTP2 - 3 VE moderately higher 97% 80% 55% 
iNGRV DTP1, DTP2, DTP3 - 3 

VE substantially higher 100% 83% 66% 

iNGRV-DTP DTP1, DTP2, DTP3 - 3 
iNGRV DTP1, DTP2, DTP3 ROTAVAC 6 
iNGRV DTP1, DTP2, DTP3 ROTASIIL 6 
iNGRV DTP1, DTP2, DTP3 ROTARIX 5 
iNGRV DTP1, DTP2, DTP3 oNGRV 6 
iNGRV-DTP DTP1, DTP2, DTP3 ROTAVAC 6 
iNGRV-DTP DTP1, DTP2, DTP3 ROTASIIL 6 
iNGRV-DTP DTP1, DTP2, DTP3 ROTARIX 5 
iNGRV-DTP DTP1, DTP2, DTP3 oNGRV 6 
iNGRV DTP3 ROTAVAC 4 
iNGRV DTP3 ROTASIIL 4 
iNGRV DTP3 ROTARIX 4 

Alternative scenarios
oNGRV BCG, DTP1, DTP2 - 3 Substantially higher

100%
100%

91% 
83% 

78% 
66% 

iNGRV DTP1, DTP2, DTP3 - 3 Comparable to base 95% 76% 45% 
iNGRV-DTP DTP1, DTP2, DTP3 - 3 Comparable to base 95% 76% 45% 

*The 137 LMICs were stratified as: low (<13.5 deaths per 1000 live births), medium (13.5–28.1 deaths per 1000 live births), and high (>28.1 deaths per 1000 live births), 
consistent with a recent meta-analysis.32 

** Equivalent to licensed LORVs with infant schedules. Scenarios of iVE (instantaneous vaccine efficacy) are based on gamma fits of pooled efficacy from a meta-analysis 
of RCTs (2/3 doses, LORVs, infant schedules).32 Gamma fits were chosen to be consistent with the assumptions used in a recent multi-country cost-effectiveness 
analysis and benefit-risk analysis.6,16
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For all scenarios, we assume that efficacy of any vaccine 
against non-severe RVGE was 85% of the efficacy value against 
severe RVGE.33

Vaccine coverage and timeliness

We used infant DTP coverage rates as a proxy for rotavirus 
vaccine coverage as reported by WUENIC.34 The schedule is 
therefore DTP1, DTP2, and DTP3 accounting for potential 
country-specific delays based on DHS and MICS data.35 The 
only exception is for oNGRV for which the study uses 
a neonatal schedule where the first dose is given at birth, 
accounting for earlier protection. Vaccine coverage proxies 
for oNGRV in the main scenario are therefore BCG, DTP1, 
and DTP2 and associated delays. For three countries that do 
not report BCG coverage rate (Grenada, Lebanon, and 
Suriname) we used HEP B birth dose coverage rates instead 
of BCG, reported by the same source of data. Vaccine coverage 
rates per country are available in the supplementary files.

We assumed that rotavirus vaccines would achieve the same 
timeliness (coverage by week of age) as reported for other 
vaccines administered at the same visit, e.g., we assumed 
BGG timeliness for a neonatal rotavirus vaccine dose, and 
DTP1, DTP2, and DTP3 for rotavirus vaccine doses given 
later in infancy. We did not apply the manufacturer’s recom-
mended age restrictions for rotavirus vaccine administration.36

For countries already using rotavirus vaccines, we did not 
use estimates of rotavirus vaccine coverage as the indicator 
reported by WUENIC (rotaC) provides coverage rate of the 
last dose of rotavirus vaccine, without specifying if this is 
a second or a third dose, or which vaccine is in use.

Vaccine price

Vaccine prices are defined for each country depending on 
whether they can access Gavi, the Vaccine Alliance prices or 
the PAHO revolving fund, or if they do not benefit from any 
pricing agreements. For licensed LORVs, prices have been 
extracted from Gavi’s detailed product profile documents and 
the vaccine purchase database.37,38 Based on informal commu-
nications with vaccine developers and public health officials, 
we made assumptions for iNGRV, iNGRV-DTP, and oNGRV, 
the products not yet available on the market. The analysis uses 
full prices and does not account for Gavi co-financing to 
countries as the level and evolution of support to countries is 
difficult to project so far into the future. Table 2 below provides 
each vaccine price by country group. Data on country-specific 
vaccine prices are available in the supplementary files.

Other vaccine parameters include wastage, syringe and 
safety box cost as applicable, international handling and trans-
portation, and immunization delivery cost per dose. Wastage is 
dependent on each vaccine’s presentation. Presentations 
included in the analysis are the five-tube liquid presentations 
for ROTARIX and ROTASIIL, a 5-dose vial liquid presentation 
for ROTAVAC, a 2-dose vial liquid presentation for oNGRV 
and iNGRV, and finally bulk for iNGRV-DTP. For vaccine 
wastage, we used rates provided by Gavi’s detailed product 
profile documents, allocating 4% wastage rates to single-dose 
presentations and 10% to multi-dose presentations.36 

No wastage is associated with the bulk presentation. Safety 
box and syringe cost, when applicable, as well as handling 
and international transportation costs are derived from 
UNICEF. Though some countries in this analysis may not 
procure through UNICEF, we assume they would still have to 
support similar handling charges.39,40 Immunization delivery 
costs per dose came from the Immunization Delivery Cost 
Catalog.41 Syringe costs are excluded for any oral vaccine 
option. Syringe, safety box cost, and immunization delivery 
costs are excluded for the iNGRV-DTP use case as they are 
already supported by immunization programs delivering DTP- 
containing combination vaccines. For all concomitant delivery 
use cases, we accounted for the incremental delivery cost for 
each dose given. All vaccines characteristics, price, and other 
vaccine-related inputs are available in Table 2.

Healthcare costs

RVGE-related clinic visit and hospitalization costs are taken 
from recently published estimates of the cost of diarrhea in 
children in LMICs.42 Intussusception treatment costs are esti-
mated for each country based on previously reported regional 
treatment patterns, estimated surgery costs, and assumptions 
on costs for non-operative management.9 For both RVGE and 
intussusception, this study accounts for direct medical, direct 
non-medical, and indirect costs. Country-specific healthcare 
costs for RVGE and intussusception-related events are avail-
able in the supplementary files.

Probabilistic uncertainty analysis

We ran probabilistic sensitivity analysis (PSA) for all standa-
lone vaccine use cases. For each PSA, we ran 1,000 iterations, 
randomly selecting inputs from their parameter distributions. 
The parameters included in the analysis as well as the statistical 
distributions used are available in the supplementary files.

Results

Over the 2025–2034 period, the estimated rotavirus vaccination 
program costs for all LMICs combined ranged from US$1.4 bil-
lion for iNGRV-DTP to US$32.3 billion for the co- 
administration of iNGRV with ROTARIX. The estimated num-
ber of rotavirus deaths aged <5 years without vaccination was 
~1.5 million. In scenarios with vaccination, rotavirus deaths <5  
years were estimated to be ~ 750,000 for all scenarios involving 
a high efficacy iNGRV, ~870,000 for the moderately high efficacy 
oNGRV scenario, and ~950,000 for currently licensed LORVs. 
The numbers of averted cases, visits, hospitalizations, and deaths 
are available in the supplementary files. The number of intus-
susception SAE cases, hospitalizations and deaths are also avail-
able from supplementary files. Average cost-effectiveness ratios 
(ACERs), where each scenario was compared to no vaccination, 
ranged from cost-saving (iNGRV-DTP) to US$1,510 (iNGRV 
with ROTARIX). Country-specific results for each use case are 
available in the supplementary files. For nearly all countries 
already using rotavirus vaccine in 2021, iNGRV and iNGRV- 
DTP were cost saving compared to the vaccine currently in use 
(Table S12).
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Considering all the modeled criteria (cost, benefit, risk, cost- 
effectiveness), the most promising vaccine use case scenario was 
iNGRV-DTP (Table 3). This option was predicted to have the 
lowest vaccine program cost (US$1.4 billion), the highest vaccine 
benefit—750,000 rotavirus deaths averted, 13 million rotavirus 
hospital admissions averted, US$2.7 billion healthcare cost 
averted), the fewest excess cases of intussusception (zero), and 
the most favorable cost-effectiveness estimate (cost-saving). 
Furthermore, we estimate that a high efficacy iNGRV-DTP 
vaccine would dominate all other options i.e., provide the same 
or greater benefit at lower cost and with fewer excess cases of 
intussusception. Probabilistic uncertainty analyses confirm the 
superiority of iNGRV-DTP over iNGRV and LORVs (Figure 2).

Even in a more conservative scenario where iNGRV-DTP 
was assumed to have equivalent efficacy to the current LORVs, 
such a moderate efficacy iNGRV-DTP vaccine was still esti-
mated to be the most affordable, safe, and cost-effective option 

(Figure S1). However, in this scenario, a high efficacy neonatal 
oNGRV was estimated to offer greater benefits at a higher cost, 
and concomitant delivery of moderate efficacy iNGRV-DTP 
and LORV or oNGRV could also be considered (Figure S1).

We estimate that a high efficacy iNGRV-DTP vaccine would 
be cost-effective in all LMICs based on a WTP (willingness-to- 
pay) threshold as low as .25 times the national GDP per capita 
in each country (Table 4). In the absence of a high efficacy 
iNGRV-DTP vaccine, we estimate that a high efficacy iNGRV 
could provide the same benefit, albeit at a much higher cost 
(US$ 8.3 billion versus US$1.4 billion) and would be cost- 
effective in 84% of LMICs at .5 times the GDP per capita in 
each country. Probabilistic uncertainty analyses confirm the 
superiority of iNGRV over oNGRV with the majority of PSA 
runs for the high efficacy iNGRV generating results preferable 
to the PSA runs for oNGRV (Figure 2). In the absence of any 
iNGRVs, a neonatal oNGRV would be the preferred option 

Table 2. Vaccine characteristics, price per dose, and other inputs.

ROTARIX ROTAVAC ROTASIIL oNGRV iNGRV iNGRV-DTP*

Vaccine presentations

5 tubes liquid 5-dose liquid 5 tubes liquid 2-dose vial 2-dose vial Bulk

Vaccine price per dose                                                                                                 

Country groups
Non-Gavi and Non 

PHS
Base $14.77 $1.25 $1.63 $1.25 $.81 $.43
Low range $4.80 $.94 $1.22 $.94 $.60 $.32
High range $16.96 $1.56 $2.04 $1.57 $1.01 $.54

Non-Gavi and PHS Base $14.77 $1.25 $1.63 $1.25 $.75 $.40
Low range $4.80 $.94 $1.22 $.94 $.56 $.30
High range $16.96 $1.56 $2.04 $1.57 $.94 $.50

PAHO Revolving Fund Base $6.50 $1.25 $1.63 $1.25 $.75 $.40
Low range $4.88 $.94 $1.22 $.94 $.56 $.30
High $8.13 $1.56 $2.04 $1.57 $.94 $.50

Gavi FSF w/o access 
to ROTARIX Gavi 
price

Base $14.77 $1.14 $1.55 $1.17 $.75 $.40
Low range $4.80 $.86 $1.16 $.88 $.56 $.30
High range $16.96 $1.43 $1.94 $1.46 $.94 $.50

Gavi FSF** Base $2.13 $1.14 $1.55 $1.17 $.75 $.40
Low range $1.60 $.86 $1.16 $.88 $.56 $.30
High range $2.66 $1.43 $1.94 $1.46 $.94 $.50

Gavi AT** Base $2.13 $1.14 $1.55 $1.17 $.75 $.40
(low = 75% of Gavi 

price)
Low range $1.60 $.86 $1.16 $.88 $.56 $.30
High range $2.66 $1.43 $1.94 $1.46 $.94 $.50

Gavi PT Base $2.13 $1.14 $1.55 $1.17 $.75 $.40
(low = 40% of Gavi 

price)
Low range $.85 $.46 $.62 $.47 $.30 $.16
High range $2.66 $1.43 $1.94 $1.46 $.94 $.50

Gavi ISF Base $2.13 $1.14 $1.55 $1.17 $.75 $.40
(low = .20 or .13 

a dose)
Low range $.20 $.13 $.13 $.13 $.13 $.00
High range $2.66 $1.43 $1.94 $1.46 $.94 $.50

Other vaccine parameters
Wastage rate 4% 

(2%; 6%)
10% 

(5%; 15%)
4% 

(2%; 6%)
10% 

(5%; 15%)
10% 

(5%; 15%)
N/A

Syringe cost 
(low range; high range)

N/A N/A N/A N/A $.04 
($.03; $.06)

N/A

Safety box cost 
(low range; high range)

$.45 
($0;$.84)

$.45 
($0;$.84)

$.45 
($0;$.84)

$.45 
($0;$.84)

$.45 
($.42;$.84)

N/A

International handling 
(low range; high range)

3% 
(1.4%;4.5%)

International transportation 
(low range; high range)

6% 
(2%;15%)

Immunization delivery cost per dose
Low-Income 

(low range; high range)
$1.33 

($1;$2.50)
$0

Lower- & Upper-Middle Income 
(low range; high range)

$2.05 
($1;$2.50)

$0

*Only includes the incremental rotavirus vaccine-associated costs. **Excludes countries without access to ROTARIX Gavi price: Azerbaijan, Bhutan, Cuba, India, 
Indonesia, Kiribati, Mongolia, Nigeria, Papua New Guinea, Sao Tome, Sri Lanka, Timor Leste, Vietnam. PHS: Public Health Sector, FSF: Fully self-financing, AT: 
Accelerated transition, PT: Preparatory transition, ISF: Initial self-financing.

HUMAN VACCINES & IMMUNOTHERAPEUTICS e2040329-5



Ta
bl

e 
3.

 Im
pa

ct
 a

nd
 c

os
t-

eff
ec

tiv
en

es
s 

re
su

lts
 p

er
 v

ac
ci

na
tio

n 
sc

en
ar

io
 fo

r 
al

l L
M

IC
s 

ov
er

 1
0 

ye
ar

s 
st

ar
tin

g 
in

 2
02

5.

Bu
rd

en
Co

st
Co

st
-e

ffe
ct

iv
en

es
s

RV
G

E 
de

at
hs

IS
 d

ea
th

s
D

AL
Y’

s 
(d

is
co

un
te

d)
Va

cc
in

e 
pr

og
ra

m
 c

os
ts

H
ea

lth
ca

re
 c

os
ts

N
et

 c
os

t
AC

ER
 (c

om
pa

re
d 

 
to

 n
o 

va
cc

in
e)

IC
ER

W
it

ho
ut

 v
ac

ci
ne

1,
50

3,
59

5
10

4,
00

9
41

,5
33

,0
33

0
4,

39
7,

98
8,

17
1

4,
39

7,
98

8,
17

1

W
it

h 
va

cc
in

at
io

n 
sc

en
ar

io
  

(o
rd

er
ed

 b
y 

ne
t 

co
st

)
iN

G
RV

-D
TP

74
9,

10
2

10
4,

00
9

21
,8

90
,0

21
1,

39
3,

07
6,

67
9

1,
68

1,
30

4,
07

9
−

1,
32

3,
60

7,
41

3
−

67
Co

st
 s

av
in

g
iN

G
RV

74
9,

10
2

10
4,

00
9

21
,8

90
,0

21
8,

25
0,

91
3,

73
0

1,
68

1,
30

4,
07

9
5,

53
4,

22
9,

63
8

28
2

D
om

in
at

ed
 b

y 
1 

al
te

rn
at

iv
e

oN
G

RV
86

7,
46

3
10

4,
47

9
24

,8
82

,8
39

9,
44

0,
01

1,
14

5
1,

81
7,

11
0,

81
0

6,
85

9,
13

3,
78

4
41

2
D

om
in

at
ed

 b
y 

2 
al

te
rn

at
iv

es
RO

TA
VA

C
94

7,
38

0
10

5,
54

4
27

,0
08

,8
18

9,
37

5,
35

8,
55

5
2,

10
3,

65
0,

00
7

7,
08

1,
02

0,
39

0
48

8
D

om
in

at
ed

 b
y 

2 
al

te
rn

at
iv

es
iN

G
RV

-D
TP

 w
ith

 o
N

G
RV

75
5,

95
4

10
4,

47
9

22
,0

23
,2

38
10

,8
33

,0
87

,8
24

1,
58

5,
92

9,
51

6
8,

02
1,

02
9,

16
9

41
1

D
om

in
at

ed
 b

y 
4 

al
te

rn
at

iv
es

iN
G

RV
-D

TP
 w

ith
 R

O
TA

VA
C

74
9,

10
2

10
5,

54
4

21
,9

28
,9

02
10

,7
68

,4
35

,2
34

1,
68

3,
86

0,
40

7
8,

05
4,

30
7,

47
1

41
1

D
om

in
at

ed
 b

y 
4 

al
te

rn
at

iv
es

RO
TA

SI
IL

94
7,

38
0

10
5,

54
4

27
,0

08
,8

18
10

,4
03

,5
77

,8
59

2,
10

3,
65

0,
00

7
8,

10
9,

23
9,

69
4

55
8

D
om

in
at

ed
 b

y 
4 

al
te

rn
at

iv
es

iN
G

RV
-D

TP
 w

ith
 R

O
TA

SI
IL

74
9,

10
2

10
4,

00
9

21
,9

28
,9

02
11

,7
96

,6
54

,5
38

1,
68

3,
86

0,
40

7
9,

08
2,

52
6,

77
4

46
3

D
om

in
at

ed
 b

y 
7 

al
te

rn
at

iv
es

1 
do

se
 iN

G
RV

 w
ith

 R
O

TA
VA

C
74

9,
10

2
10

5,
54

4
21

,9
28

,9
02

12
,0

49
,6

76
,8

88
1,

68
3,

86
0,

40
7

9,
33

5,
54

9,
12

4
47

6
D

om
in

at
ed

 b
y 

8 
al

te
rn

at
iv

es
1 

do
se

 iN
G

RV
 w

ith
 R

O
TA

SI
IL

74
9,

10
2

10
5,

54
4

21
,9

28
,9

02
13

,0
77

,8
96

,1
92

1,
68

3,
86

0,
40

7
10

,3
63

,7
68

,4
28

52
9

D
om

in
at

ed
 b

y 
9 

al
te

rn
at

iv
es

iN
G

RV
 w

ith
 o

N
G

RV
75

5,
95

4
10

4,
47

9
22

,0
23

,2
38

17
,6

90
,9

24
,8

75
1,

58
5,

92
9,

51
6

14
,8

78
,8

66
,2

20
76

3
D

om
in

at
ed

 b
y 

10
 a

lte
rn

at
iv

es
iN

G
RV

 w
ith

 R
O

TA
VA

C
74

9,
10

2
10

5,
54

4
21

,9
28

,9
02

17
,6

26
,2

72
,2

85
1,

68
3,

86
0,

40
7

14
,9

12
,1

44
,5

21
76

1
D

om
in

at
ed

 b
y 

10
 a

lte
rn

at
iv

es
iN

G
RV

 w
ith

 R
O

TA
SI

IL
74

9,
10

2
10

5,
54

4
21

,9
28

,9
02

18
,6

54
,4

91
,5

89
1,

68
3,

86
0,

40
7

15
,9

40
,3

63
,8

25
81

3
D

om
in

at
ed

 b
y 

12
 a

lte
rn

at
iv

es
RO

TA
RI

X
94

7,
38

0
10

5,
54

4
27

,0
08

,8
18

24
,0

75
,2

02
,7

64
2,

10
3,

65
0,

00
7

21
,7

80
,8

64
,5

99
1,

50
0

D
om

in
at

ed
 b

y 
13

 a
lte

rn
at

iv
es

iN
G

RV
-D

TP
 w

ith
 R

O
TA

RI
X

74
9,

10
2

10
5,

54
4

21
,9

28
,9

02
25

,4
68

,2
79

,4
43

1,
68

3,
86

0,
40

7
22

,7
54

,1
51

,6
79

1,
16

1
D

om
in

at
ed

 b
y 

14
 a

lte
rn

at
iv

es
1 

do
se

 iN
G

RV
 w

ith
 R

O
TA

RI
X

74
9,

10
2

10
5,

54
4

21
,9

28
,9

02
26

,7
49

,5
21

,0
97

1,
68

3,
86

0,
40

7
24

,0
35

,3
93

,3
33

1,
22

6
D

om
in

at
ed

 b
y 

15
 a

lte
rn

at
iv

es
iN

G
RV

 w
ith

 R
O

TA
RI

X
74

9,
10

2
10

5,
54

4
21

,9
28

,9
02

32
,3

26
,1

16
,4

94
1,

68
3,

86
0,

40
7

29
,6

11
,9

88
,7

30
1,

51
0

D
om

in
at

ed
 b

y 
16

 a
lte

rn
at

iv
es

Al
te

rn
at

iv
e 

sc
en

ar
io

s
iN

G
RV

-M
-D

TP
93

0,
86

9
10

4,
00

9
26

,5
42

,4
09

1,
39

3,
07

6,
67

9
2,

06
5,

15
2,

95
5

-9
39

,7
58

,5
37

-6
3

iN
G

RV
-M

93
0,

86
9

10
4,

00
9

26
,5

42
,4

09
8,

25
0,

91
3,

73
0

2,
06

5,
15

2,
95

5
5,

91
8,

07
8,

51
3

39
5

oN
G

RV
-H

75
5,

95
4

10
4,

47
9

22
,0

23
,2

38
9,

44
0,

01
1,

14
5

1,
58

5,
92

9,
51

6
6,

62
7,

95
2,

49
0

34
0

oN
G

RV
-H

 =
 h

ig
h 

effi
ca

cy
 o

N
G

RV
. 

iN
G

RV
-M

 =
 iN

G
RV

 w
ith

 e
qu

iv
al

en
t 

effi
ca

cy
 t

o 
LO

RV
s. 

iN
G

RV
-M

-D
TP

 =
 iN

G
RV

-D
TP

, w
he

re
 t

he
 iN

G
RV

 c
om

po
ne

nt
 h

as
 e

qu
iv

al
en

t 
effi

ca
cy

 t
o 

LO
RV

s. 
IC

ER
 =

 In
cr

em
en

ta
l C

os
t-

Eff
ec

tiv
en

es
s 

Ra
tio

. 
AC

ER
 =

 A
ve

ra
ge

 C
os

t-
Eff

ec
tiv

en
es

s 
Ra

tio
.

e2040329-6 F. DEBELLUT ET AL.



and would be cost-effective in 75% of LMICs at .5 times the 
GDP per capita threshold. Finally, if no NGRVs were available/ 
licensed, then ROTAVAC would be the preferred option and 
would be cost-effective in 67% of LMICs at the same WTP 
threshold.

Discussion

If iNGRVs are substantially more efficacious than licensed 
LORVs in clinical trials, an additional 200,000 rotavirus deaths 
could be prevented over a 10-year period compared to cur-
rently licensed LORVs. Our analysis shows that while currently 
available LORVs remain a good investment for countries and 
donors today, an iNGRV with comparable or superior efficacy 
to LORVs is likely to be cost-effective in the majority of LMICs 
and could provide increased impact and safety. A future vac-
cine that combines iNGRV with a DTP-containing vaccine into 
one formulation could be particularly favorable. Such a vaccine 
could provide the same or greater health benefit at lower cost. 
If countries using LORVs switched to iNGRV or to iNGRV- 
DTP, billions of dollars could be saved.

Concomitant delivery use cases involving entire courses of 
LORVs and iNGRVs to yield superior efficacy compared to 
either alone, however, are not as cost-effective. This is due to 
the cost of procuring and delivering multiple doses of multiple 

vaccines (up to 6). However, concomitant delivery use cases 
involving an iNGRV-DTP are more favorable in a large share 
of LMICs.

One of the most striking findings of our analyses is that 
inclusion of iNGRV within DTP-containing combinations 
was by far the most cost-effective of all the rotavirus vac-
cine options assessed—even when the efficacy of the 
iNGRV was no better than that of current LORVs. These 
and other results shown here lend support to the idea that, 
while development of an iNGRV with superior efficacy to 
currently licensed LORVs would be ideal, the development 
of an iNGRV with efficacy similar to that of LORVs would 
possess substantial public health value. In addition, these 
results highlight the economic value of accelerating the 
development of DTP-containing vaccines combined with 
iNGRV to provide rotavirus protection.

This analysis accounts solely for full vaccine prices. As such, 
results should be considered as potentially conservative for 
Gavi countries. Assuming Gavi financial support to countries 
for rotavirus vaccines is similar in 2025 and beyond, ICER 
values for supported vaccines would likely be more favorable, 
making most options even more cost-effective.

We applied the same immunization delivery cost per dose to 
each vaccine and country, based on their income group. There 
may be differences in the cost to deliver different vaccines, or 
from one country to another. We assumed that the incremental 
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Figure 2. Deterministic cost-effectiveness and probabilistic uncertainty analysis results for all LMICs over 10 years starting in 2025.
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delivery cost per dose covers a range of expenses including 
potential switch costs for countries changing vaccines and 
introduction costs for countries that are not currently using 
rotavirus vaccines. Though a basic way to account for immu-
nization program-related costs, we were not able to make 
better informed assumptions due to lack of data. We accounted 
for a wide range of uncertainty of that parameter in our 
uncertainty analyses.

Similarly, we used the ‘no vaccination’ comparator to main-
tain a consistent comparator across all countries included in 
the study and generate results for all LMICs, despite each 
country’s status regarding use of rotavirus vaccination.

For simplicity, we assumed no age restrictions in this ana-
lysis. Removing age restrictions favors rotavirus vaccines in 
terms of estimated benefits, but not in terms of cost- 
effectiveness as it involves spending more money on doses 
given later in age when they are less effective, i.e., after the 
peak of rotavirus disease. Running our analysis without age 
restrictions also emphasized the potential safety benefits of 
iNGRVs in comparison to oral vaccine options, as it provided 
an estimate of the maximum potential excess intussusception 
burden that could be caused by LORVs or oNGRVs, and there-
fore avoided by iNGRVs.16

The methods used to develop the higher efficacy scenarios 
led to a starting efficacy value of 100% for low <5 mortality 
settings. While this is likely unrealistic, we elected to maintain 
it for completeness and consistency of methods applied to 
other settings and explore a lower range of starting efficacy in 
uncertainty analysis. It is important to note that cumulative 
vaccine efficacy falls below 100% in these settings.

We used a static model that does not account for any 
indirect effects of vaccination, such as herd effects. This is likely 
to make our results conservative. Recent studies in India and 
Niger showed that the direct impact of rotavirus vaccine pre-
dicted by static models gave results very similar to the overall 
impact predicted by transmission models.43,44 Impact studies 
in different countries have shown different results, with some 
countries witnessing short-term herd effects and some none.16

These results contribute to better understanding the full 
public health value of iNGRVs. Our findings may inform the 
decision-making of donors and vaccine developers who wish to 
better understand the rotavirus vaccine use scenarios likely to 
have the most promising results in LMICs. Our analysis sug-
gests there could be great value in accelerating the development 
of iNGRV vaccines, particularly those administered in combi-
nation with existing DTP-containing vaccines. These results 
should be considered alongside those from a recent feasibility 

and acceptability study conducted among national stake-
holders and healthcare workers in several LMICs that showed 
substantial interest in iNGRVs, especially if they were part of 
a larger DTP combination.45 Taken together, these analyses 
required us to make several assumptions yet to be confirmed by 
clinical studies but would support a positive public health value 
proposition for the next generation of injectable rotavirus 
vaccines in LMICs.
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