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Abstract

Introduction: Single-dose rotavirus vaccines, which are used by a majority of countries, are 

some of the largest-sized vaccines in immunization programs, and have been shown to constrain 

supply chains and cause bottlenecks. Efforts have been made to reduce the size of the single-

dose vaccines; however, with two-dose, five-dose and ten-dose options available, the question 

then is whether using multi-dose instead of single-dose rotavirus vaccines will improve vaccine 

availability.

Methods: We used HERMES-generated simulation models of the vaccine supply chains of the 

Republic of Benin, Mozambique, and Bihar, a state in India, to evaluate the operational and 

economic impact of implementing each of the nine different rotavirus vaccine presentations.

Results: Among single-dose rotavirus vaccines, using Rotarix RV1 MMP (multi-monodose 

presentation) led to the highest rotavirus vaccine availability (49–80%) and total vaccine 

availability (56–79%), and decreased total costs per dose administered ($0.02-$0.10) compared 

to using any other single-dose rotavirus vaccine. Using two-dose ROTASIIL decreased rotavirus 

vaccine availability by 3–6% across each supply chain compared to Rotarix RV1 MMP, the 

smallest single-dose vaccine. Using a five-dose rotavirus vaccine improved rotavirus vaccine 

availability (52–92%) and total vaccine availability (60–85%) compared to single-dose and two-

dose vaccines. Further, using the ten-dose vaccine led to the highest rotavirus vaccine availability 

compared to all other rotavirus vaccines in both Benin and Bihar.

Conclusion: Our results show that countries that implement five-dose or ten-dose rotavirus 

vaccines consistently reduce cold chain constraints and achieve higher rotavirus and total vaccine 

availability compared to using either single-dose or two-dose rotavirus vaccines.
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1. Introduction

Single-dose rotavirus vaccines, which are used by a majority of countries, [1] are some 

of the largest-sized vaccines in many immunization programs, and have been shown to 

constrain supply chains and cause bottlenecks [2-6]. Since the rotavirus vaccine first became 

available in 2006, manufacturers have developed smaller single-dose rotavirus vaccines, yet 

with two-dose, five-dose and ten-dose presentations now available, the question is whether 

using multi-dose rotavirus vaccines instead of single-dose vaccines will improve vaccine 

availability (i.e., the number of successful immunizations administered as a percentage of 

total immunizations needed). According to data collected by the Johns Hopkins International 

Vaccine Access Center (IVAC), [1] as of 2020, only six of the 114 countries reporting 

the rotavirus presentation introduced or planned for introduction report using multi-dose 

rotavirus vaccines. While all six of these countries are Gavi-supported, the vast majority of 

low- and middle-income countries (LMICs) use single-dose rotavirus vaccines [1]. Our past 

work has shown that vaccines with more doses per vial can reduce cold chain constraints, 

improve vaccine availability and reduce costs [3,4,7-11]. However, these previous analyses 

focused on one supply chain system at a time, and did not consider the impact of using 

multi-dose rotavirus vaccines. As such, there is limited evidence for immunization programs 

who have been using single-dose vaccines for many years to decide whether to begin using a 

multi-dose rotavirus presentation.

Determining which rotavirus presentation to implement using traditional methodologies 

(e.g., economic analyses) may not capture the complete systems-wide effects on the vaccine 

supply chain and, thus, the comprehensive operational and economic value of selecting a 

certain rotavirus vaccine presentation [12,13]. In order to assess whether countries should 

switch to using multi-dose rotavirus vaccines, we used our Highly Extensible Resource 

for Modeling Supply Chains (HERMES) simulation modeling platform to evaluate the 

operational and economic impact of nine different rotavirus vaccine vial presentations across 

the vaccine supply chains of Benin, Bihar (India), and Mozambique.

2. Methods

For this study, we utilized the HERMES software platform. As described in our previous 

publications, [7,9,11,14-16] HERMES allows users to generate detailed discrete-event 

simulation models of any vaccine supply chain over a one-year period. Each supply chain 

model contains a virtual representation of all storage facilities and devices (including 

buildings, refrigerators, and freezers), vehicles and routes (including vehicle types, travel 

frequency, and travel distance), human resources (including logisticians, drivers, and 

vaccinators), vaccines, supply chain policies, and associated costs for each component. 

HERMES tracks each simulated vial as it moves through a supply chain and provides a 

range of outputs, including how many vaccine doses are administered, the location and 

magnitude of storage and transport constraints, and vaccine wastage due to expiry of 

unopened vials or unused doses in an opened vial.
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3. Description of HERMES models

We used models of the vaccine supply chains of the Republic of Benin, Mozambique, and 

Bihar, India. Descriptive details for each of these models are found in previous publications 

[14-17]. Briefly, the supply chain model for the Republic of Benin includes 637 vaccination 

locations and a birth cohort population of 461,536 representing the estimated population for 

2020. The supply chain model for Mozambique includes 1,797 vaccination locations and a 

birth cohort population of 1,147,765. For Bihar, India, we represented a subsection of the 

supply chain that includes 161 fixed vaccination locations and a birth cohort population 

of 1,240,553. In order to show the current, potential demand for rotavirus vaccine in each 

supply chain, we include the most recent population data. While each vaccine supply chain 

modeled may have made changes or updates to their vaccine supply chains in certain areas 

since our data was collected, our models use the most recently available, comprehensive data 

on each vaccine supply chain.

Each storage facility in a model is assigned cold chain equipment (e.g., refrigerators and 

freezers) based on available data, with each refrigerator and freezer having a specific 

cold storage volume, depreciation cost, energy usage rate and cost, and lifetime usage 

duration. Additionally, each shipping route is assigned a vehicle based on available data, 

with each vehicle having a specific cold storage volume, depreciation cost, gasoline usage 

and cost (if applicable), and lifetime mileage. The vaccines included in each supply chain 

model are based on each respective immunization program, and each vaccine is assigned a 

specific cold chain volume per dose, number of doses per vial, cost per dose, and storage 

specification, based on available data. Table 1 provides specific details on each of these 

components.

As described in our past publications, each model includes the unit costs of each supply 

chain component and calculates the cumulative total logistics, procurement, and disposal 

costs over the course of a simulation [7,11,14,15,17]. Logistics costs include the costs of 

vaccine storage (i.e., annualized cost of each refrigerator and freezer, energy costs for each 

storage unit, amount of energy used), vaccine transport (i.e., fuel costs for each vaccine 

shipment, annualized cost of each vehicle, fuel costs, per diems for each driver), and supply 

chain personnel (i.e., percentage of salary specific to immunization activities). Vaccine 

procurement costs include the total costs of all doses of vaccines procured over the course 

of a simulation. The costs per dose of each routine vaccine were extracted from UNICEF 

and Gavi databases [18,19]. Vaccine waste disposal costs include a standard cost of waste 

disposal per kilogram of vaccine waste (i.e., vials and syringes) [8].

We updated the populations and costs in each model to 2020 estimates using the average 

country-associated population growth rate between 2012 and 2018 and standard inflation 

rates provided by the World Bank [20,21]. For the Bihar model, we inflated costs to 2020 

Indian rupees (INR) before converting to USD by multiplying INR by the 2020 exchange 

rate of 0.014 [22].
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4. Characteristics of currently available rotavirus vaccines

Table 2 lists the rotavirus vaccines evaluated in this analysis and their associated 

characteristics [23]. We included rotavirus vaccine presentations currently supported by 

Gavi, including formulations currently in the process of being prequalified by the World 

Health Organization (WHO). The rotavirus vaccines modeled include five single-dose 

vaccines [Rotarix RV1, Rotarix RV1 MMP (multi-monodose presentation), single-dose 

Rotavac 5D, single-dose, lyophilized ROTASIIL RV5, and single-dose, liquid ROTASIIL 

RV5], and four multi-dose vaccines (two-dose, lyophilized ROTASIIL RV5, five-dose 

Rotavac, ten-dose Rotavac, and five-dose Rotavac 5D). Although ROTASIIL Thermo is 

supported by Gavi, we do not include it in the model since this analysis is focused 

on rotavirus vaccines that require storage within existing cold chains. Seven of the nine 

rotavirus presentations modeled require refrigerator storage, while two vaccines (five-dose 

and ten-dose Rotavac) are designed for storage in both freezers and refrigerators. Rotarix 

RV1 and Rotarix RV1 MMP require two doses per child, while the remaining vaccines 

require three. Each of the multi-dose rotavirus vaccines are currently recommended by the 

WHO to be discarded six hours after opening, though a proposed policy change would allow 

five-dose and ten-dose Rotavac vaccines to remain open for 28 days, which is in accordance 

with the multi-dose vial policy for many other multi-dose liquid vaccines [24].

We assume that a multi-dose vial will be opened regardless of the vaccination session size, 

e.g., even if only one child is present, according to WHO recommendations [25]. Rather than 

input a predetermined wastage rate, our model calculates open vial wastage over the course 

of the simulation based on the number of doses per vial of each vaccine, the number of 

children who arrive to be vaccinated each day, and how long a vial can remain open. In the 

model, procurement of multidose vaccines is based on expected population demand across 

each vaccination location, and a 25% buffer stock is added to account for potential open vial 

wastage.

5. Experimental scenarios

Each experiment simulated the operations of an immunization supply chain over the course 

of one year. For each experiment, the routine immunization schedule used in each of 

the three immunization programs (Benin, Bihar, and Mozambique) included one of the 

nine rotavirus vaccine presentations. We ran 12 experimental scenarios for each of the 

three supply chain models. The first nine scenarios simulated the impact of introducing 

each one of the nine rotavirus vaccines, one at a time, into the routine immunization 

program under existing open vial policy guidelines. Three additional scenarios explored 

the impact of allowing the five-dose and ten-dose Rotavac and five-dose Rotavac 5D to 

remain open for 28 days. While we compared results across all scenarios, the results report 

comparisons for rotavirus vaccine presentations of equal or lesser number of doses. For 

each single-dose scenario, the results report comparisons to other single-dose scenarios; 

the two-dose scenario, results report comparisons to each of the single-dose scenarios, for 

each five-dose scenario, results report comparisons to each of the single-dose, two-dose, and 

five-dose scenarios, and for each ten-dose scenario, results reports comparisons to the all 

other scenarios.
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Outcomes for each scenario included rotavirus vaccine availability (i.e., the number 

of successful rotavirus immunizations administered as a percentage of total rotavirus 

immunizations needed), total vaccine availability (i.e., the number of successful 

immunizations administered as a percentage of all of the immunizations needed), open 

vial wastage (i.e., partially used doses expired as a percentage of all doses opened), 

average peak refrigerator capacity utilization (i.e., the maximum percentage of available 

refrigerator capacity occupied by products at any time), average peak freezer capacity 

utilization (i.e., the maximum percentage of available freezer capacity occupied by products 

at any time), average peak transport capacity utilization (i.e., the maximum percentage 

of available transport capacity needed to complete any shipment, averaged across all 

shipping routes), and each of the cost components described above. Average peak transport 

capacity utilization can go beyond 100% (size of vaccine shipment equates to the entire 

capacity of vehicle) to indicate that the size of the shipment is larger than the available 

transport capacity, and additional trips may be needed. For each of the cost components, we 

calculate the costs per dose administered across all vaccines (e.g., the logistics cost per dose 

administered is the total logistics costs for all vaccines divided by the total number of doses 

of all vaccines administered).

6. Results

6.1. Impact of implementing a single-dose rotavirus vaccine

Across all three supply chains, using Rotarix RV1 MMP, the single-dose vaccine with 

the smallest volume-per-fully-immunized child (FIC), led to the highest rotavirus vaccine 

availability (49%-80%) and total vaccine availability (56%-79%) across the three supply 

chains, compared to implementing any other single-dose rotavirus vaccine (Fig. 1). 

Conversely, using the liquid ROTASIIL RV5, with the largest volume-per-FIC, resulted 

in the lowest rotavirus vaccine availability and total vaccine availability (31%-66% and 

42%-68%, respectively). In Benin, for example, using the Rotarix RV1 MMP compared to 

the liquid ROTASIIL RV5 increased rotavirus vaccine availability by 14% and total vaccine 

availability by 11%.

Reducing the volume-per-FIC of single-dose vaccines reduced the amount of cold chain 

space being utilized per rotavirus vaccine, which increased the space available for 

procurement and storage of rotavirus and other vaccines (Fig. 2). For example, in Bihar, the 

single-dose Rotarix RV1 MMP vaccine reduced peak transport capacity utilization (i.e., the 

maximum percentage of available transport capacity needed to complete any shipment) by 

50% across all shipping routes, and peak refrigerator capacity utilization (i.e., the maximum 

percentage of available refrigerator capacity occupied by products at any time) by 8% across 

all storage locations, compared to the liquid ROTASIIL (Fig. 2). Additionally, in Benin, 

using the Rotarix RV1 MMP reduced peak transport capacity utilization by 67% and peak 

refrigerator capacity utilization by 3%.

Using the single-dose Rotarix vaccines (RV1 and RV1 MMP) resulted in slightly higher total 

costs per dose administered (i.e., the combined costs of logistics, vaccine procurement, and 

vaccine disposal) between $0.02 and $0.10 across the supply chains compared to the other 

single-dose vaccines (Fig. 3), due to its slightly higher price-per-dose (Table 2). Further, as 
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the only vaccine requiring reconstitution and therefore requiring a reconstitution syringe, 

using the single-dose ROTASIIL vaccine increased the disposal cost per dose administered 

by $0.01 compared to other single-dose vaccines.

7. Impact of implementing a two-dose rotavirus vaccine

In all three supply chains, using two-dose ROTASIIL led to higher rotavirus vaccine 

availability and total vaccine availability than using any single-dose ROTASIIL (liquid or 

lyophilized) or single-dose Rotavac 5D vaccine. For example, in Bihar, using two-dose 

ROTASIIL compared to single-dose, liquid ROTASIIL resulted in 10% higher total vaccine 

availability and 12% higher rotavirus vaccine availability. However, in comparison to both 

single-dose Rotarix vaccines, two-dose ROTASIIL resulted in up to 3% lower vaccine 

availability in Mozambique and up to 6% lower vaccine availability in Benin and Bihar (Fig. 

1). While the single-dose Rotarix RV1 had slightly higher volume-per-FIC, the increase 

in rotavirus open vial wastage from 0% to between 2% and 5% when using the two-dose 

ROTASIIL vaccine resulted in decreased overall vaccine availability.

Using two-dose ROTASIIL led to decreased transport capacity utilization and refrigerator 

capacity utilization (due to its smaller volume-per-FIC) compared to four of the single-dose 

rotavirus vaccines (Fig. 2). However, compared to the Rotarix RV1 MMP vaccine, two-dose 

ROTASIIL transport utilization was 14%, 17%, and 21% higher and refrigerator capacity 

utilization was 1.5%, 0.5%, 0.4% higher in Bihar, Benin, and Mozambique, respectively, 

as the Rotarix RV1 MMP has a smaller total volume-per-FIC than two-dose ROTASIIL. 

Overall, the two-dose ROTASIIL vaccine resulted in a decreased total cost per dose 

administered between $0.03 and $0.20 compared to any single-dose vaccine, which reduced 

logistics costs, and its lower price-per-dose (Table 2).

8. Impact of implementing a five-dose rotavirus vaccine

Implementing either the five-dose Rotavac or Rotavac 5D increased rotavirus and total 

vaccine availability compared to single- and two-dose rotavirus vaccines (Fig. 1), except 

in Mozambique, where using the single-dose Rotarix RV1 MMP resulted in a 1% higher 

rotavirus vaccine availability compared to five-dose vaccines. Even though rotavirus open 

vial wastage increased 6% to 13% compared to using two-dose ROTASIIL, using five-dose 

vaccines led to more efficient utilization of already available physical storage across each 

supply chain (Fig. 2) and improved overall vaccine availability between 1% and 11%. 

In Benin, implementing five-dose Rotavac, which is stored primarily in freezers, reduced 

refrigerator utilization at the central store from 100% (i.e., fully utilized) to 93%, which 

freed up space for other vaccines and increased overall vaccine availability by 6%. This 

switch increased the peak freezer capacity utilization from 2.5% to 11.6% on average across 

all storage locations in Benin. In Bihar, storing five-dose Rotavac in freezers compared to 

refrigerators, increased rotavirus vaccine availability by 40%. This switch increased average 

peak freezer capacity utilization from 4% to 15% in Bihar.

Using either five-dose rotavirus vaccines lowered logistics cost per dose between $0.01-

$0.02 compared to Rotarix RV1 MMP and two-dose ROTASIIL. Both of the five-dose 
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vaccines resulted in lower total costs per dose administered ($0.02 - $0.20) compared to 

Rotarix RV1 MMP. However, only the five-dose Rotavac vaccine resulted in similar total 

cost per dose administered compared to two-dose ROTASIIL.

When the five-dose rotavirus vaccines remained open for 28 days (instead of six hours) the 

impact of using five-dose Rotavac and Rotavac 5D compared to single-dose and two-dose 

rotavirus vaccines further increased. In all the three supply chains, open vial wastage due to 

rotavirus decreased to 0% (a 16%-18% reduction). While vaccine availability increased by 

less than 1%, fewer vials are needed, resulting in a lower total cost per dose administered 

compared to all single-dose vaccines. In Mozambique, implementing a five-dose Rotavac 

vaccine that could remain open for 28 days resulted in the highest total vaccine availability 

(71%) compared to all other rotavirus vaccines.

9. Impact of implementing a ten-dose rotavirus vaccine

Implementing ten-dose Rotavac resulted in the highest rotavirus and total vaccine 

availability in Benin and Bihar compared to all other rotavirus vaccines, but led to a 

decreased rotavirus and total vaccine availability in Mozambique compared to either of 

the five-dose vaccines (Fig. 1). In Benin, using ten-dose Rotavac resulted in the most 

efficient utilization of available physical storage within the cold chain system, reducing 

transport utilization by 4% and refrigerator utilization by about 1% compared to using 

five-dose Rotavac. This vaccine also resulted in the lowest total cost per dose administered. 

In Bihar, using the ten-dose Rotavac freed up 6% of constrained refrigerator space compared 

to the five-dose Rotavac 5D (resulting in an increase of freezer capacity utilization of 

approximately the same amount), increasing total vaccine availability by 10%, yet the 

increase in open vial wastage resulted in higher vaccine costs and the highest total cost 

per dose administered across all rotavirus vaccines. In Mozambique, where there was more 

refrigerator capacity, the increase in rotavirus open vial wastage of 18% compared to using 

the five-dose rotavirus vaccines outweighed the benefits of the decreased volume-per-FIC. 

This resulted in a 1% decrease in total vaccine availability compared to implementing the 

five-dose rotavirus vaccines, and a $0.06 increase in the total cost per dose administered.

Allowing the ten-dose rotavirus vaccine to remain open for 28 days (instead of six hours) 

resulted in the highest vaccine availability and lowest total cost per dose administered 

compared to all other rotavirus vaccines in Benin and Bihar (except the two-dose rotavirus 

vaccine in Bihar, which was slightly cheaper). For example, in Benin, the total vaccine 

availability was at least 1% higher than when any other vaccine was implemented, with 

more than 100,000 additional vaccine doses administered. Even in Mozambique, where the 

five-dose Rotavac resulted in slightly higher vaccine availability, implementing the ten-dose 

Rotavac resulted in a further $0.02 decrease in the total cost per dose administered compared 

to the five-dose Rotavac.

10. Discussion

Our results show that countries that implement five-dose or ten-dose rotavirus vaccines 

consistently achieve both higher rotavirus and total vaccine availability compared to using 
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either single-dose or two-dose rotavirus vaccines. However, in locations like Mozambique, 

with relatively fewer storage constraints and smaller vaccination session sizes, using the 

smallest single-dose rotavirus vaccine presentation resulted in similar levels of vaccine 

availability compared to the five- and ten-dose rotavirus vaccines. Across all three supply 

chain systems, using five- and ten-dose rotavirus vaccines consistently reduced refrigerator 

and transport utilization, freeing up space for all vaccines. Further, implementing five- 

and ten-dose rotavirus vaccines often resulted in lower total costs per dose administered, 

including in the costs of logistics, vaccine procurement, and vaccine waste. Allowing the 

five- and ten-dose vaccines to remain open for 28 days (compared to six hours), resulted 

in the highest total vaccine availability of all scenarios explored, with five-dose Rotavac 

achieving the highest vaccine availability in Mozambique and ten-dose Rotavac achieving 

the highest vaccine availability in Benin and Bihar. However, this policy has not yet been 

approved by the WHO.

While the benefits of using multi-dose rotavirus vials are clear in each vaccine supply 

chain, the location with the highest number of people per vaccination site (i.e., Bihar, 

India) showed the clearest benefits from switching to multi-dose vials (11%-25% increase 

in vaccine availability in Bihar using 5-dose Rotavac compared to single-dose vaccines, 

compared to a 1%-11% increase in Mozambique). The high demand per location increases 

stress on the storage capacity, particularly at the service delivery level, which is relieved by 

switching to multi-dose vials. Further, the greater number of children seeking vaccination 

each day means that fewer doses of multidose vaccines will be wasted.

As many vaccine supply chains face storage and transport constraints, including outdated 

or nonfunctional refrigerators and freezers and a lack of vehicles for vaccine shipments, 

optimizing the use of existing cold chain infrastructure will be critical [16,26,27]. Further, 

with the ongoing and planned introduction of new vaccines (e.g., human papilloma virus 

vaccine, COVID-19 vaccines) to many immunization programs, vaccine supply chains could 

be further strained [28,29]. This is especially important as countries transitioning from 

Gavi support may have fewer resources to purchase new cold chain equipment or properly 

maintain existing equipment [30,31]. Even for countries who may not have information 

on the extent of constraints within their system, our results indicate that using multi-dose 

rotavirus vaccines will provide benefits across a variety of supply chain systems.

Across all three supply chains, switching to multi-dose vials consistently decreased the total 

logistics costs per dose administered. The switch to multi-dose vials decreased refrigerator 

and transport utilization and, therefore, reduced the number of shipments that needed to 

be made to meet demand, driving down logistics costs. In Benin and Mozambique, the 

switch to five- and ten-dose Rotavac also reduced the vaccine procurement costs per 

dose administered. However, in Bihar, where total vaccine procurement costs increased 

substantially as a result of large increases in total vaccine availability, vaccine procurement 

costs per dose administered actually increased slightly. Further, although the vaccine 

procurement costs per dose administered were consistently higher for the Rotarix vaccines, 

these two vaccines require only two doses to fully immunize a child, while other rotavirus 

vaccine presentations require three.
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When deciding which vaccines to use in their immunization program, countries may tend 

to focus on clinic-level factors, such as open vial wastage, [32-34] and fail to see the 

broader systems-wide effects (e.g., how a vaccine’s size may constrain storage space for 

other vaccines). By taking a systems approach and looking at the supply chain as a whole, 

we show that while wastage does increase when switching to multi-dose vials, the reductions 

in cold chain utilization have a net positive effect on the availability of all vaccines and 

the costs per dose administered. Thus, making decisions based on clinic-level or limited 

evidence, rather than the potential systems-wide effects, may have unintended negative 

consequences, such as a reduction in cold chain space and decreased vaccine availability.

11. Limitations

The models developed for this study aim to represent complex vaccine supply chain systems, 

including infrastructural components, human resources, and policies; however, based on 

the inherent nature of computational modeling, not all factors influencing vaccine delivery 

can be captured. Further, vaccine supply chains are constantly changing and adapting, 

and therefore, models may not reflect the specifics of the current supply chain in each 

location. Our analysis did not consider the potential effect on patient safety of switching to 

multi-dose vials (e.g., re-use of needles, improper handling/storage) and subsequent costs 

of these. Further, our analysis did not consider the potential costs of training associated 

with switching from a single-dose to multidose vial or the difference in time it may take to 

administer one rotavirus presentation compared to another. While our model does capture 

the disposal costs of vaccine supplies, our model does not include the transport costs of 

vaccine supplies that are transported outside of the cold chain (e.g., syringes). Additionally, 

as it is not required and practices may vary between countries, we modeled storing the 

diluent for lyophilized rotavirus vaccines outside the cold chain.

12. Conclusion

When deciding which vaccines to use in their immunization program, countries may tend to 

focus on clinic-level factors, such as open vial wastage, and fail to see the broader systems-

wide effects (e.g., how a vaccine’s size may constrain storage space for other vaccines). Our 

results show that countries that implement five-dose or ten-dose rotavirus vaccines could 

consistently achieve both higher rotavirus and total vaccine availability compared to using 

either single-dose or two-dose rotavirus vaccines.
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Fig. 1. 
Rotavirus and total vaccine availability across different rotavirus vaccine scenarios.
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Fig. 2. 
Average transport and refrigerator capacity utilization across different rotavirus vaccine 

scenarios.
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Fig. 3. 
Total and component costs per dose administered ($USD) across different rotavirus vaccine 

scenarios.

NB: Cost per dose administered is across all vaccine doses administered in the immunization 

program
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Table 1

Key Vaccine Supply Chain Characteristics.

Characteristics Vaccine Supply Chain

Benin Bihar Mozambique

Number of supply chain levels modeled 4 4 4

Number of vaccination locations modeled 637 161 1,797

Number of vaccines in routine immunization program 9 11 8

Birth cohort population (2020) 461,536 1,240,553 1,147,765

Range of total refrigerator storage volume across all storage locations (m3) 18 to 15,000 14 to 17,280 10 to 49,000

Range of total freezer storage volume across all storage locations (m3) 0 to 5,907 0 to 11,520 84 to 14,850
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