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Abstract

Background As Nigeria prepares to introduce a rotavirus vaccine, the Gavi board has approved the extension of the transition
period for the country until 2028. The current position of the country on Gavi’s funding profile calls for a pragmatic step in
planning and implementation so that sustainability at the fully self-financing phase will be feasible.

Objective This study aimed to inform the decisions of the country’s health policymakers on the costs, benefits, and implica-
tions of the introduction of rotavirus vaccine.

Methods This study was an economic evaluation using a simulation-based Markov model. It compared four approaches:
‘no vaccination’ and vaccination with ROTARIX, ROTAVAC, or ROTASIIL. Ten cohorts from the year 2021 to 2030 were
used in the analysis. Primary measures were the benefit-cost ratio (BCR) and the incremental cost-effectiveness ratio (ICER).
Future costs and outcomes were discounted to 2019 values.

Results The adjusted vaccine cost of ROTARIX was the highest, followed by ROTAVAC and ROTASIIL, whereas the
immunization delivery cost was in the reverse order. All the vaccines were very cost effective, with ROTARIX being the
optimal choice for the 10-year period, having a BCR of 27 and an ICER of $US100 (95% confidence interval [CI] 71-130)/
disability-adjusted life-year averted. Adopting ROTARIX was the optimal choice from 2021 to 2027, whereas ROTAVAC
was optimal from 2028 to 2030. The net budget impact of the programme was $US76.9 million for the 10-year period. The
opportunity cost of a late introduction was about $US8 million per annum from 2021 to 2028.

Conclusions The rotavirus vaccine ROTARIX should be implemented in Nigeria at the earliest opportunity. A switch to
ROTAVAC should be considered from the year 2028. Cost-minimization measures are imperative to ensure the sustainability

of the programme after the transition out of Gavi support.
Key Points for Decision Makers

A rotavirus vaccine should be introduced in Nigeria as
soon as possible to control the high rotavirus mortality.

Early introduction of the vaccine will save the country
about $US8 million per annum between 2021 and 2028
from Gavi support.

To sustain the programme, a cost-minimization blueprint
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1 Introduction

The 2019 Institute for Health Metrics and Evaluation
(IHME) statistics ranked Nigeria as the country with
the highest rotavirus mortality globally [1]. Nigeria is
at the threshold of introducing the rotavirus vaccine to
its national immunization programme, and the country’s
application for support from Gavi, the Vaccine Alliance
was approved in early 2020. However, introduction of the
vaccine remains pending as at the last quarter of 2020 [2].
The country is currently in the accelerated transition phase
2 stage based on Gavi’s classification, which implies that
Gavi’s subsidy will be phased out soon. However, the Gavi
board has approved the extension of the transition period
for Nigeria until 2028 [3].

The current position of Nigeria on Gavi’s funding pro-
file calls for a pragmatic step in planning and implemen-
tation so that sustainability of the rotavirus vaccine and
other co-financed vaccines at the fully self-financing phase
in the national immunization program will be feasible for
the country [3]. The competition for the allocation of
healthcare budgets in Nigeria has increased over the years
because of increasing healthcare demands [4]. The limited
resources have led to a limited supply of healthcare, lead-
ing to market failure [4]. It is therefore pertinent to correct
this anomaly, especially for a yet-to-be-introduced vaccine
to ensure sustainability and efficiency in the healthcare
supply.

Given the limited resources in Nigeria, this study aimed
to inform the decisions of health policymakers of the coun-
try on the costs, benefits, and implications of introducing
the rotavirus vaccine. The study informs the current and
future implications of decisions that will be made on rota-
virus vaccination and provide recommendations that could
aid implementation and sustainability.

2 Methods
2.1 Study Setting and Sample Size

The study was carried for the population of Nigerian
children aged < 5 years at risk of having diarrhoea. The
population figure was estimated from the 2019 popula-
tion report [5]. The starting population used was children
aged < 1 year, since it is the vaccination age for rotavirus
vaccine. Children aged < 1 year were followed for up to 5
years to capture the associated costs and benefits of rota-
virus vaccination. Ten consecutive cohorts were used in
the analysis from the year 2021 to 2030, which represent
periods during and after the transition out of Gavi support.
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2.2 Study Perspective

The study was carried out from two perspectives: the
health sector (payer) and the societal. The payer perspec-
tive represents the government perspective, which captures
the effect of Gavi support for Nigeria. In this perspective,
the costs of the vaccines used were the co-financed costs
that will be incurred by the Nigerian government and the
associated cost of immunization delivery (cold chain cost,
transportation cost, personnel cost, and other logistics-
related costs). The societal perspective included the com-
plete cost of the vaccines (assuming no Gavi subsidy).

2.3 Interventions

This study compared four scenarios. The first scenario
was ‘no vaccination’. The second scenario was vaccina-
tion with ROTARIX, a live attenuated monovalent human
liquid oral rotavirus vaccine (RV1) manufactured by Glax-
oSmithKline Biologicals, Belgium. The third scenario was
vaccination with ROTAVAC, a live attenuated monovalent
human-bovine liquid frozen oral rotavirus vaccine (RV1),
manufactured by Bharat Biotech, India. The fourth sce-
nario was vaccination with ROTASIIL, a live attenuated
pentavalent bovine-human reassortant lyophilized oral
rotavirus vaccine (RV5), manufactured by the Serum Insti-
tute of India. The ‘no vaccination’ scenario was compared
with the rotavirus vaccine scenarios. The three rotavirus
vaccine scenarios were also compared to determine which
scenario would optimize resource utilization.

2.4 Model and Assumptions

The study employed a simulation-based Markov model
using retrospective data for Nigeria. The states in the
model were well, moderate diarrhoea, severe diarrhoea,
and death. The starting age in the model was 1 week. The
population aged < 1 year was modelled from week 1 to
week 260, which implies that the children were followed
up for 5 years. The infants were modelled to start from
the well state, and they could move to any or remain in
a health state or die as a result of diarrhoea or all-cause
mortality. The model states and transitions are illustrated
in Fig. 1.

The transition probabilities of moving to the different
health states (well, moderate, or severe diarrhoea), tran-
sition probabilities to diarrhoeal death for < 1 year, 1-4
years, and all-cause mortality, and the disability weights
for moderate and severe diarrhoea were obtained from the
2019 THME report for Nigeria [1]. The probabilities of
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Fig. 1 Model figure o

o

Moderate
Diarrhoea

Severe
Diarrhoea

recurrent moderate and severe diarrhoea were estimated
from a systematic review [6], and the life table data were
obtained from the World Health Organisation (WHO)
report [7]. The yearly probabilities were modelled as
weekly probabilities.

For each cycle, the model estimated the number of mod-
erate and severe rotavirus gastroenteritis (RVGE) cases and
the number of deaths and accumulated deaths over 5 years
for each scenario. Based on the care-seeking characteristics
of caregivers for children aged < 5 years in Nigeria [8—10],
75% of moderate RVGE and 50% of severe RVGE will be
managed at home with oral rehydration salt (ORS) or other
fluids purchased at drug stores, traditional approaches, or
other means. Only 25% of moderate RVGE cases will seek
outpatient healthcare [8—10], and 50% of severe RVGE cases
will seek care and be managed in hospital [9, 10]. The dura-
tion of moderate RVGE was estimated to be 5 days, and
severe RVGE was 8 days [6]. Children with moderate RVGE
received ORS and zinc for 5 days; children with severe
RVGE received ringer’s lactate intravenous fluid (IVF) (for
3 days), ORS (for the following 5 days), and zinc (for 10
days) [11]. From observed practices in Nigeria, for moderate
RVGE, it was assumed that patients would visit the clinic
once as outpatients except if the case worsened and led to
severe diarrhoea, whereas patients with severe RVGE would
be hospitalized for 3 days and visit the clinic on the last
day (8th day). Details of the input parameters are shown in
Table 1 and in the electronic supplementary material (ESM).

2.5 Time Horizon and Discount Rate
The model simulated costs and outcomes within the period

of 260 weeks for the population at risk of having diar-
rhoea for the different scenarios and cohorts (the year

Death

Y

2021-2030). A recommended discount rate of 5% for low-
and middle-income countries was used in the costs and
outcomes analysis [20].

2.6 Vaccine Coverage, Effectiveness, and Wastage

The diphtheria-tetanus-pertussis (DTP3) coverage rate of
57% for Nigeria was used in estimating the costs and out-
comes of the analysis [12]. The effectiveness of the first
and last doses of ROTARIX was obtained from a system-
atic review for countries with high diarrhoeal mortality
[13]. The effectiveness of the first, second, and last doses
of ROTAVAC was estimated from a clinical trial in India
[14], and the effectiveness of the first, second, and last
doses of ROTASIIL was estimated from two clinical trials
in India and Niger [15, 16]. The first dose of ROTARIX,
ROTAVAC, and ROTASIIL was administered at week 6
after birth in the model. The second dose of ROTAVAC
and ROTASIIL was administered at week 16, whereas the
last dose of the three vaccines was administered at week
24 after birth. The effect of herd immunity with rotavirus
vaccination was applied in the model by incorporating the
post-vaccination effectiveness of the vaccine to the cohort
in the model at 2, 4, 8, 12, 24, 36, 48, 72, 96, 144, and 192
weeks after vaccination [17].

Using the WHO vaccine wastage rates calculator, wast-
age rates were estimated at 4% for ROTARIX from the
year 2021 to 2030; 50% for ROTAVAC (five-vial size)
from the year 2021 to 2025 and 51% for the same pack size
from the year 2026 to 2030; 21% for ROTASIIL (two-vial
size) from the year 2021 to 2026 and 22% for the same
pack size from the year 2027 to 2030 [18]. Details of the
vaccines’ effectiveness and wastage are shown in Table 1.
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Table 1 Parameters used in the analysis

Variable Mean Distribution (95% CI) Source
Crude birth rate per 1000 population 37.93 NA [5]
2019 population (millions) 200.96 NA [5]
Weekly transition probabilities
Well to moderate diarrhoea 0.03970  Beta (0.03200-0.04743) [1]
Moderate to well 0.99077  Beta (0.98651-0.99316) [1]
Moderate to severe diarrhoea 0.00249  Beta (0.00172-0.00350) 1]
Severe to moderate diarrhoea 0.99920  Beta (0.98745-0.99899) 1]
Recurrent moderate diarrhoea 0.00622  Beta (0.00500-0.00745) [1, 6]
Recurrent severe diarrhoea 0.00028  Beta (0.00019-0.00039) [1, 6]
Remaining well 0.95986  Beta (0.94767-0.96830) [1, 6]
All-cause under-5 mortality 0.00044  Beta (0.00036-0.00055) 1]
All-cause under-5 diarrhoea to death 0.000080 Beta (0.000056-0.00010)  [1]
Vaccination coverage (%) 57 NA [12]
Diarrhoea caused by rotavirus (%) 60 NA 1]
Diarrhoea death caused by rotavirus (%) 47 NA [1]
Vaccine effectiveness
First dose ROTARIX 0.26 Log-normal (0.25-0.58) [13]
Last dose ROTARIX 0.59 Log-normal (0.37-0.73) [13]
First dose ROTAVAC 0.23 Log-normal (0.21-0.53) [14]
Second dose ROTAVAC 0.34 Log-normal (0.30-0.62) [14]
Last dose ROTAVAC 0.56 Log-normal (0.37-0.70) [14]
First dose ROTASIIL 0.20 Log-normal (0.19-0.48) [15, 16]
Second dose ROTASIIL 0.30 Log-normal (0.22-0.56) [15, 16]
Last dose ROTASIIL 0.50 Log-normal (0.28-0.66) [15, 16]
Effectiveness after 2 weeks 0.66 Log-normal (0.48-0.81) [17]
Effectiveness after 4 weeks 0.62 Log-normal (0.47-0.75) [17]
Effectiveness after 8 weeks 0.57 Log-normal (0.45-0.67) [17]
Effectiveness after 12 weeks 0.54 Log-normal (0.44-0.64) [17]
Effectiveness after 24 weeks 0.49 Log-normal (0.40-0.61) [17]
Effectiveness after 36 weeks 0.46 Log-normal (0.33-0.60) [17]
Effectiveness after 48 weeks 0.44 Log-normal (0.27-0.59) [17]
Effectiveness after 72 weeks 0.41 Log-normal (0.17-0.58) [17]
Effectiveness after 96 weeks 0.38 Log-normal (0.09-0.58) [17]
Effectiveness after 144 weeks 0.35 Log-normal (- 0.04-0.57) [17]
Effectiveness after 192 weeks 0.32 Log-normal (— 0.14-0.57) [17]
Vaccine wastage (%)
ROTARIX (year 2021-2030) 4 NA [18]
ROTAVAC (year 2021-2025) 50 NA [18]
ROTAVAC (year 2026-2030) 51 NA [18]
ROTASIIL (year 2021-2026) 21 NA [18]
ROTASIIL (year 2027-2030) 22 NA [18]
ROTARIX waste-adjusted cold chain volume (cm?) per fully immunized child 35.6 NA [19]
ROTAVAC waste-adjusted cold chain volume (cm®) per fully immunized child 18.9 NA [19]
ROTASIIL waste-adjusted cold chain volume (cm?) per fully immunized child 35.2 NA [19]
Disability weights
Moderate diarrhoea 0.051 Beta (0.032-0.074) [1]
Severe diarrhoea 0.133 Beta (0.088-0.190) 1]
Discount rate
Cost 5% NA (min 0%, max 10%) [20]
Utility 5% NA (min 0%, max 10%) [20]
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Table 1 (continued)

Variable Mean Distribution (95% CI) Source
ROTARIX price per dose 2.29 NA [2]
ROTAVAC price per dose 0.85 NA [2]
ROTASIIL price per dose 0.95 NA [2]

Full immunization doses (ROTARIX) 2 NA [19]
Full immunization doses (ROTAVAC) 3 NA [19]
Full immunization doses (ROTASIIL) 3 NA [19]

Co-financing share
Starting fraction 0.24 NA [3, 21]
Price fraction applicable to year 2021 0.15 NA [21]

Year 2021 27.60% NA [3,21]
Year 2022 36.65% [3,21]
Year 2023 45.70% NA [3,21]
Year 2024 54.75% NA [3,21]
Year 2025 63.80% NA [3,21]
Year 2026 72.85% NA [3,21]
Year 2027 81.90% NA [3,21]
Year 2028 90.95% NA [3,21]
Year 2029 (fully self-financing) 100% NA [3,21]
Year 2030 (fully self-financing) 100% NA [3,21]
International handling (as percentage of vaccine cost) 3.5% [22]

International freight (as percentage of vaccine cost) 7.5% [22]

Undiscounted start-up vaccination cost
Cost of ROTARIX (freight/international handling/waste adjusted) per full immunization 1.82 Gamma (1.37-2.28) [2, 18, 22]
Cost of ROTAVAC (freight/international handling/waste adjusted) per full immunization 1.34 Gamma (1.01-1.68) [2, 18, 22]
Cost of ROTASIIL (freight/international handling/waste adjusted) per full immunization 1.27 Gamma (0.95-1.59) [2, 18, 22]
ROTARIX full immunization delivery cost 2.92 Gamma (2.23-3.65) [5, 12, 23]
ROTAVAC full immunization delivery cost 3.76 Gamma (2.82-4.70) [5, 12, 23]
ROTASIIL full immunization delivery cost 4.21 Gamma (3.16-5.26) [5, 12, 23]

2019 GDP per capita 2230 NA [24]
Reserve stock 25% NA [25]
Duration of illness for moderate RVGE (days) 5 NA [6]
Duration of illness for severe RVGE (days) 8 NA [6]
Duration of hospitalization for severe RVGE (days) 3 NA [6]

Health sector cost of moderate RVGE managed at health facilities 7.96 Gamma (5.97-9.95) [26]
Health sector cost of severe RVGE managed at health facilities 48.50 Gamma (36.38-60.63) [26]
Societal cost of moderate RVGE managed at health facilities 15.35 Gamma (11.51-19.19) [24, 26]
Societal cost of severe RVGE managed at health facilities 60.84 Gamma (45.63-76.05) [24, 26]
Cost of RVGE managed by home- or self-care 0.65 Gamma (0.49-0.81) [24, 26]

GDP, costs, and benefits are presented as $US

CI confidence interval, GDP gross domestic product, NA not applicable, RVGE rotavirus gastroenteritis

2.7 Calculation of Cost

The WHO guidelines for estimating the costs of introducing
new vaccines into the national immunization system were
adopted to estimate the resource use and costs associated
with the introduction of ROTARIX, ROTAVAC (five-vial
size), or ROTASIIL (two-vial size) [25]. A bottom-up cost-
ing approach was used in the analysis. Costs were estimated

from the payer and societal perspectives, respectively. The
costs included vaccine cost (full dose), personnel cost
(including salaries to healthcare professionals, health assis-
tants, and administrative staff; advocacy and social mobi-
lization costs; surveillance costs), and logistic costs (costs
of vaccine storage in the cold chain, vaccine transportation,
vehicles and vehicle maintenance, training/education of
immunization staff, and wastage cost). The vaccine price

A\ Adis



550

C. E. Okafor

used was the United Nations Children’s Fund (UNICEF)
supply price for Gavi-eligible countries [2]. Based on vac-
cination coverage, population, and gross domestic product
per capita (GDP), the immunization delivery costs were
estimated from the immunization delivery cost catalogue
of the Immunization Costing Action Network, Washing-
ton [23]. Costs captured all personnel and logistics costs
related to immunization delivery, including buildings and
utilities, safety boxes, syringes, and other recurrent costs.
The UNICEF international handling cost of 3.5% for new
vaccines for non-least developed countries and an interna-
tional transportation cost of 7.5% of the vaccine price were
included in the vaccine cost [22]. The waste-adjusted vac-
cine cost and the waste-adjusted cold chain volume and cost
were factored in the final cost of each vial of vaccine and the
immunization delivery cost. In calculating the annual vac-
cine cost based on the vaccination coverage and the WHO
guideline [25], the cost of reserve stock was included in the
first year. The reserve stock was estimated as 25% of the
vaccine cost in the year 2021. The cost of rotavirus vaccina-
tion was calculated for each year from 2021 to 2030 using
the formula ¢ = p X n, where p is the price per dose of new
vaccine (including wastage cost and international handling
and freight) and 7 is the number of doses.

For the payer perspective, a starting fraction of 0.24 was
used on the unadjusted vaccine price based on Nigeria’s co-
financing contribution for all co-financed vaccines [3, 21].
Based on Gavi’s co-financing guideline for phase 2 transi-
tioning countries, a 1.15 factor of price fraction was applied
to the starting fraction in the year 2021 unadjusted vaccine
costing [21]. From the year 2022 to 2028, the cost increased
linearly to reach 100%. From the year 2029 to 2030, the
cost was modelled such that Nigeria will fully self-finance
the vaccine cost at the UNICEF’s price. For the societal
perspective, Gavi subsidy was not considered. To estimate
the cost of RVGE from the health sector or payer perspec-
tive, the cost included was the direct medical cost of treat-
ment at the health facilities, whereas the societal perspec-
tive costs included direct medical, direct non-medical, and
indirect costs of treatment at health facilities plus the costs
of self-management at home (for cases that did not visit a
health facility). The cost of self-care management at home
was assumed to be the cost of ORS since the majority of
caregivers use rehydration fluid [8]. An average cost of ORS
for 3 days was assumed and used to estimate the costs of
self-management at home [8]. The direct non-medical costs
included the cost of diapers for 5 days (moderate RVGE)
and 8 days (severe RVGE) and transportation costs. Indirect
costs were estimated as productivity loss due to work absen-
teeism of caregiver (half a day for moderate RVGE and 1 day
for severe RVGE) based on Nigeria’s 2019 GDP per capita.
The direct costs of moderate and severe RVGE, including
physician consultancy, nursing service, hospital bed, ORS,
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IVF, and zinc, were estimated from the Nigerian National
Health Insurance Scheme drug price list [26]. The number
of moderate and severe RVGE cases averted was multiplied
by their respective mean cost of management to obtain the
monetary savings. All costs were expressed in $US, year
2019 values. Gamma distribution was used to capture the
uncertainty in the cost parameters. Details of the cost com-
ponents are shown in Table 1 and the ESM.

The budget impact of the programme was also estimated.
This was done by calculating the annual cost of RVGE
healthcare at health facilities averted from 2021 to 2030.
For each year, the net budget impact was estimated as the
difference between the vaccination programme cost for that
year and the healthcare cost averted for the same year. The
total net budget impact was the sum of the net budget impact
from 2021 to 2030.

2.8 Health Outcomes

The primary outcome was measured as disability-adjusted
life-year (DALY) averted. The DALY was calculated as the
sum of the years of life lived with disability (YLD) from
morbidity and the years of life lost (YLL) from mortality.
YLD = number of cases X duration till remission or death
X disability weight [27, 28], and YLL = number of deaths
due to diarrhoea X life expectancy at the age of death [28].
The DALY across each cycle were summed and averaged
to obtain the standard DALY. The DALY averted was calcu-
lated as the difference between the ‘no vaccination” DALY
and the DALY in the rotavirus vaccination scenarios. The
primary outcome was used to evaluate the benefit-cost ratio
(BCR) and the incremental cost-effectiveness ratio (ICER),
which are the two approaches for assessment in this study.
In calculating the monetary value of a DALY averted for the
BCR evaluation, the Harvard-led guideline for conducting
benefit-cost analysis projects was used [29]. The valuation
was based on the value of statistical life-year with 1 DALY
averted valued at 1.3 times the gross national income (GNI)
per capita of a country in sub-Saharan Africa. For the ICER
evaluation, a conservative cost-effectiveness threshold of
0.52 times the GDP per capita of Nigeria was used [30].

The secondary outcomes of the study included the total
number of RVGE cases averted, the number of moderate
RVGE cases averted, the number of severe RVGE hospitali-
zations averted, and the number of RVGE deaths averted.
The averted cases were calculated as the difference between
the ‘no vaccination’ scenario and the rotavirus vaccination
scenarios.

2.9 Data Analyses

The appropriate distribution for each variable was used, as
shown in Table 1. Half-cycle correction using the lifetable
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method was applied in the analysis [31]. Probabilistic sensi-
tivity analysis (PSA) was used to assess simultaneous uncer-
tainty in many variables [32]. To assess how simultaneous
change of several variables affected the costs and outcomes,
a Monte-Carlo simulation (1000 iterations per vaccine) was
performed. This technique runs many simulations by repeat-
edly drawing samples from probability distributions of input
variables. Univariate sensitivity analysis was also performed
on the key parameters to observe their effect on the costs
and outcomes. A ‘what-if” scenario if vaccine wastage were
reduced by 50% was tested to observe the effect of wastage
on the optimal choice between the rotavirus vaccines. All
analyses were performed using Microsoft Excel, 365.

3 Results
3.1 Costs of the Interventions

From the analysis, the adjusted vaccine cost of full immu-
nization using ROTARIX was the highest, followed by
ROTAVAC and ROTASIIL from start-up year to the year
2030. The immunization delivery cost for full immuniza-
tion with ROTARIX was the lowest, with ROTASIIL hav-
ing the highest delivery cost from start-up year to the year
2030. The total cost of full immunization per child was in
favour of ROTARIX within the first 5 years, whereas the
next 5 years favoured ROTAVAC. The median vaccine costs
were $US2.66 (95% CI2.61-2.71) for ROTARIX, $US2.03
(95% CI 1.99-2.07) for ROTAVAC, and $US1.89 (95% CI
1.86-1.92) for ROTASIIL. The median immunization deliv-
ery costs were $US2.14 (95% CI 2.10-2.18) for ROTARIX,
$US2.82 (95% CI 2.77-2.87) for ROTAVAC, and $US3.14
(95% CI 3.08-3.20) for ROTASIIL. Thus, the overall cost
was in favour of ROTARIX.

The total number of fully immunized children with
ROTARIX was 42,439,371, which was higher than with
ROTAVAC (42,418,928) and ROTASIIL (42,418,790).
The total immunization cost over the 10 years was
$US209,501,772 for ROTARIX, $US210,562,022 for
ROTAVAC, and $US216,643,336 for ROTASIIL. The total
immunization cost from the societal perspective shows a
benefit of $US65 million from Gavi support during the tran-
sition phase. Details of the costs of the interventions are
shown in Table 2 and the ESM.

3.2 Outcomes of the Interventions

The DALY averted per child was 0.0480 for ROTARIX,
0.0468 for ROTAVAC, and 0.0452 for ROTASIIL rela-
tive to ‘no vaccination’. The ICER of vaccination relative
to ‘no vaccination’ was optimal with ROTARIX from the
year 2021 to 2027 and optimal for ROTAVAC from the

year 2028 to 2030. At no point within the time series was
ROTASIIL the optimal choice; this was because of its higher
delivery cost. The ICER of vaccination was $US100 (95%
CI 71-130)/DALY averted for ROTARIX, $US104 (95% CI
78-126)/DALY averted for ROTAVAC, and $US111 (95%
CI 87-134)/DALY averted for ROTASIIL. A cost-effec-
tiveness threshold of 0.52 times the GDP per capita shows
that the three vaccines were very cost effective. Valuation
of a DALY averted at 1.3 times the GNI per capita yielded
median BCRs of 27.00, 26.10, and 24.30 for ROTARIX,
ROTAVAC, and ROTASIIL, respectively, per fully immu-
nized child. Thus, the overall optimal choice within the
10 years was ROTARIX. The results also showed that the
introduction of vaccination would avert 86 million cases
of moderate RVGE, 337,000 cases of severe RVGE, and
about 194,000 deaths within the 10 years. Table 2 provides
details of the outcomes, and Fig. 2 shows the probability of
ROTARIX cost effectiveness at the different willingness-
to-pay thresholds.

3.3 Budget Impact

Given the low rate of care-seeking in Nigeria, only about
21.7 million cases of RVGE care-seeking at health facili-
ties would be averted, which translates to an averted disease
care cost of $US132.6 million using ROTARIX, which will
offset 63% of the vaccination programme cost from the payer
perspective. This presents a net rotavirus vaccination budget
impact of $US76.9 million for the 10 years. The societal per-
spective, which included the cost of self-management, would
lead to cost savings as it would offset the total vaccination
programme cost. Details of the budget impact are shown in
Table 2 and the ESM.

3.4 Decision to Switch Vaccine

Start-up of the vaccination programme with ROTARIX
would be most beneficial to Nigeria in the early phase up to
7 years, after which ROTAVAC would become the optimal
choice. Figure 3 shows the optimal vaccine each year and
informs the decision of when to switch.

Wastage is a major dependent variable that can be
adjusted during the programme. A what-if analysis of reduc-
ing the anticipated wastage of the three vaccines by 50%
showed that ROTARIX would be the optimal choice from
the year 2021 to 2023, whereas ROTAVAC would become
the optimal choice from the year 2024 to 2030. Reduction
in wastage would not make ROTASIIL an optimal choice
between the three vaccines but would make it an optimal
choice from the year 2027 if compared with ROTARIX
alone. Figure 4 shows the effect of wastage reduction on the
optimal choice.
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Table 2 Discounted costs and outcomes of vaccination from the year 2021 to 2030 from the probabilistic sensitivity analysis

Variable

ROTARIX

ROTAVAC

ROTASIIL

Full immunization cost per child
Mean cost of vaccine
Mean immunization delivery cost
ICER ($US/DALY averted) relative to ‘no vaccination’
Year 2021
Year 2022
Year 2023
Year 2024
Year 2025
Year 2026
Year 2027
Year 2028
Year 2029
Year 2030
Number of fully immunized children
Total vaccination programme cost
Total vaccination cost from societal perspective

Cost savings for starting with ROTARIX and switching to
ROTAVAC after year 2027

Cases of moderate RVGE averted
Cases of severe RVGE averted
Cases of moderate RVGE seeking care at outpatient health facil-
ity
Cases of moderate RVGE self-managed with ORS or other
means by caregivers
Cases of severe RVGE seeking care at health facility
Total averted cases of RVGE death
Total DALY averted
Health sector cost of RVGE averted
Cost of moderate RVGE managed as outpatients
Cost of severe RVGE hospitalization
Total RVGE averted cost (health sector)
Societal cost of RVGE averted
Cost of moderate RVGE managed as outpatients
Cost of severe RVGE hospitalization

Cost of moderate and severe RVGE self-managed with ORS or
other means

Total RVGE averted cost (societal)
Budget impact
Total vaccine budget impact
Averted RVGE care budget impact
Net budget impact
Benefit-cost ratio
Benefit from DALY averted per vaccinated child
Benefit from health sector cost averted per vaccinated child
Total benefit
Benefit-cost ratio

2.66 (2.61-2.71)
2.14 (2.10-2.18)

72.17 (71.03-73.31)
77.68 (76.49-78.88)
85.43 (84.03-86.81)
92.28 (90.80-93.76)
98.81 (97.02-100.60)
105.30 (103.42-107.18)
113.63 (111.45-115.81)
121.66 (119.28-124.04)
127.95 (125.38-130.53)
127.31 (124.72-129.90)
42,439,371
209,501,772
274,646,389

2,740,365

86,149,338
337,013
21,537,335

64,612,003

168,506
194,063
2,034,968

126,646,988
5,968,715
132,615,703

244,677,617
7,453,465
30,965,872

283,096,954

209,501,772
132,615,703
76,886,069

126.55
3.12
129.67
27.00

2.03 (1.99-2.07)
2.82 (2.77-2.87)

78.82 (77.55-80.10)
85.92 (84.57-87.28)
91.64 (90.21-93.08)
94.78 (93.16-96.40)
103.76 (101.94-105.57)
107.40 (105.43-109.37)
113.97 (111.85-116.09)
119.90 (117.68-122.11)
125.76 (123.20-128.31)
123.24 (120.66-125.81)
42,418,928
210,526,022
255,107,431

85,473,144
335,354
21,368,286

64,104,828

167,667
189,262
1,984,350

125,652,921
5,938,996
131,591,917

242,757,114
7,416,353
30,723,034

280,896,501

210,526,022
131,591,917
78,934,105

123.44
3.10
126.54
26.10

1.89 (1.86-1.92)
3.14 (3.08-3.20)

88.35 (86.93-89.76)
94.27 (92.74-95.80)
98.99 (97.41-100.57)
102.36 (100.64-104.08)
110.16 (108.16-112.15)
114.80 (112.71-116.88)
120.38 (118.11-122.66)
123.51 (121.12-125.90)
133.15 (130.45-135.85)
131.68 (128.95-134.41)
42,418,790
216,643,336
258,648,571

84,545,201
332,564
21,136,300

63,408,901

166,282
182,628
1,915,208

124,288,763
5,889,938
130,178,701

240,121,608
7,355,091
30,389,711

277,866,410

216,643,336
130,178,701
86,464,635

119.15
3.07
122.22
24.30

Data in parentheses are 95% confidence intervals. Costs and benefits are presented in $US

DALY disability-adjusted life-years, /ICER incremental cost-effectiveness ratio, ORS oral rehydration salt, RVGE rotavirus gastroenteritis
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Fig.2 Cost-effectiveness
acceptability curve for
ROTARIX. DALY disability-

Cost-effectiveness acceptability curve for ROTARIX

adjusted life-year
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0.8
0.7
0.6
0.5
0.4
0.3
0.2

Probability of being cost-effective
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Fig. 3 Implication of switch

between ROTARIX and ROTA-
VAC
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0.1
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2021 2022

3.5 Sensitivity Analyses

Figure 2 was developed from the PSA and shows that the
results were insensitive to the parameters, which indicates
the results are robust. The univariate sensitivity analysis
shows that partial immunization would have a substantial
impact on the result. Partial immunization has the poten-
tial to increase the ICER by 70%. Other parameters that
can influence the outcome include the total cost of vac-
cination, transition probabilities of all-cause diarrhoea to

2023

2024 2025 2026 2027 2028 2029 2030

Year

@ ROTARIX® ROTAVAC®

death, and cost discount rate. Figure 5 shows the tornado
diagram of the univariate sensitivity analysis.

4 Discussion

This study provides the costs, outcomes, and implications of
decisions as Nigeria prepares to introduce a rotavirus vac-
cine and to transition out of Gavi support. It provides recom-
mendations to support the decisions of health policymakers
in the country. At this transition phase and beyond, every
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Fig.4 Implication of switch
between ROTARIX and ROTA-
VAC if vaccine wastage were
reduced by 50%
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Univariate sensitivity of the parameters to the ICER of the optimal choice

Transition probability all-cause diarrhoea to death (0.00006 —0.0001)

Transition probability moderate to severe diarrhoea (0.002 — 0.004)

Transition probability well to moderate diarrhoea (0.032 — 0.047)

Wastage (0.03 -0.05)

Effectiveness of full immunisation (0.37 — 0.73)

Effectiveness of partial immunisation (0.25 — 0.58)

Immunisation delivery cost (1.09 — 1.82)

Price of vaccine (1.71 —2.85)

Outcome discounting rate (0.000 —0.100)

Cost discounting rate (0.000 — 0.100)

Utility Severe diarrhoea (0.164 — 0.348)
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Fig.5 Tornado diagram showing the univariate sensitivity of the parameters to the result of the optimal choice. DALY disability-adjusted life-
year, ICER incremental cost-effectiveness ratio
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unit of cost saved and benefit gained becomes increasingly
relevant to the country. Failure to make an optimal deci-
sion can affect healthcare supply, leading to market failure
in the health system. The results show that the three vaccines
would be very cost effective in Nigeria. ROTARIX would
be the optimal choice for Nigeria in terms of costs and out-
comes in the early phase. Implementing ROTARIX for the
first 7 years and subsequently switching to ROTAVAC would
save about $US3 million within the period of assessment.

These results indicate that ROTAVAC holds future prom-
ise as the optimal choice, but the feasibility of achieving
this in Nigeria is narrow. Nigeria needs to improve its sup-
ply chain management practices to reduce wastage by about
50% to make ROTAVAC the optimal choice from the year
2024. An effort to reduce wastage will save costs for the
country. Another challenge with ROTAVAC or ROTASIIL
in Nigeria is the possibility of lower coverage because of low
care-seeking [8—10]. It may be more feasible to administer
two doses of ROTARIX than to administer three doses of
ROTAVAC or ROTASIIL because of this low care-seeking.
Thus, the use of ROTAVAC or ROTASIIL may result in
lower coverage than use of ROTARIX. These results show
that about 20,000 children will not be fully immunized
with ROTAVAC or ROTASIIL compared with ROTARIX
within the period of assessment, which could be higher if
the possibility of lower care-seeking applies. Third, unlike
for ROTARIX, no ROTAVAC or ROTASIIL manufacturers’
pricing commitments for transitioned countries exist [19].
Thus, it may not be possible for Nigeria to procure ROTA-
VAC or ROTASIIL at the UNICEEF price from the year 2029,
which could make ROTARIX the optimal choice after the
transition.

Nigeria stands to lose about $US8 million every year
(within the transition phase) from Gavi support if the intro-
duction of rotavirus vaccination is delayed. It will be easier
to introduce the vaccine since the country already has an
existing national immunization program that can be lever-
aged. A major effort will be required to increase the cold
chain capacity based on the estimated volume increase and
to develop a sustainable system.

Long-term rotavirus vaccine pricing is a major determi-
nant for the sustainability of the immunization programme.
With the addition of two new rotavirus vaccines (ROTAVAC
and ROTASIIL) to the UNICEF procurement list, price com-
petition will promote sustainability [2]. Furthermore, the
bovine-human reassortant rotavirus vaccine and the human
neonatal rotavirus vaccine (RV3-BB) under development in
Indonesia, India, China, and Brazil will help create a more
competitive market and ensure price sustainability when
the products are launched into the market after successful
clinical trials [33]. The Global Vaccine Action Plan has
emphasized the need to develop vaccine plants in Africa
[34]. Africa represents about 14% of the world’s population

but produces < 0.1% of the world’s vaccines [35]. By the
year 2050, about 25% of the global population will live in
Africa [35]. Currently, only five countries in Africa pro-
duce vaccines: Tunisia (limited Bacillus Calmette—Guerin
and rabies vaccines), Senegal (yellow fever vaccine), Egypt
(DTP), South Africa, and Ethiopia. Although the African
Vaccine Manufacturers Initiative conducted a feasibility
survey in 2015, implementing rotavirus vaccine manufac-
turing in Africa remains unlikely because of the challenges
of economies of scale, financing and funding, the feasibility
of sustaining manufacturing capacity, costs of development,
and the cost effectiveness of vaccines relative to costs in
India and China [35]. At the successful completion of the
clinical trials of the vaccines under development, technol-
ogy transfer to at least one vaccine plant in Africa could be
beneficial to Nigeria and Africa at large in terms of vaccine
cost, owing to the growing population in the continent.

The analysis has some limitations. Currently, no post-
licensure vaccine effectiveness data are available for ROTA-
VAC and ROTASIIL, so we used efficacy data from phase
III clinical trials for these vaccines. Use of post-licensure
effectiveness data would have been more suitable. Second,
the wastage rates used in the analysis were obtained using
the WHO vaccine wastage rates calculator and do not repre-
sent actual wastage during implementation. Significant vari-
ations in wastage rates during implementation could affect
the results of this study.

5 Conclusion

This study shows that introducing a rotavirus vaccine in
Nigeria will be highly beneficial to the country. The pro-
gramme should begin with ROTARIX and consider a switch
to ROTAVAC after 7 years if cost-minimization measures
are effective. The vaccine should be introduced as soon
as possible to avert the opportunity costs of late introduc-
tion. Cost-minimization measures are imperative to ensure
the sustainability of the programme in Nigeria after the
transition.
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