
Introduction to Vaccine Supply Chains:
A Systems Approach & Systems Modeling
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Module Objectives

Identify each of the components of a vaccine supply chain

Understand the complexities of the supply chain and how each component 
interacts with each other

Describe common vaccine supply chain system issues

Identify and assess the critical efficiency and costs measures of a vaccine supply 
chain’s health

Understand the benefit of modeling in assessing the vaccine supply chain 
system, and testing changes to the system
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Presenter Notes
Presentation Notes
* There are 5 main objectives to this course. The first is … 
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What is a complex system, anyway? Examples?
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Examples of complex systems

Presenter Notes
Presentation Notes
What is a system and why pay systems any attention, anyway?

A system is collection of components and parts that are interrelated and connected by complex relationships. 

Illustrated in this slide, we can see a number of different types of complex systems, some of which occur naturally while others are manmade. 

Included here are transportation systems, manufacturing systems, financial systems, etc.

 Each of these systems have developed technologies to track how the system is functioning, identify issues, and implement solutions. The vaccine supply chain system requires similar tools to prevent system malfunction. 
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Why do we need a systems approach?

Need for 
systems 
science 

approach

Band-aids rather 
than solutions

Unsustainable 
solutions

Missing secondary 
and tertiary  

effects
Unintended 

consequences

Expended time, 
effort, and 

resources from 
trial and error

Presenter Notes
Presentation Notes
When a complex system isn’t analyzed using a systems approach, a number of issues can arise. 

Interventions to fix or alter the system may act as Band-Aids rather than sustainable solutions, and may lead to unintended consequences with primary, secondary and tertiary effects. 

Certain indirect relationships occurring in the system may go unnoticed or unidentified. 

And time, effort, and resources will be expended on interventions developed more simple approaches like trial-and-error, which often do not lead to the desired outcome. 
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What is a systems approach?

Create Mathematical 
and Computational 

Models to Represent 
System

Elucidate Important 
Factors and Relationships 

Convene Multi-
disciplinary Teams

Test Different Policies 
and Interventions

Guide and Prioritize Data 
Collection

Design and Implement 
Interventions

Inform Stakeholders

Update Models
Data and results

Presenter Notes
Presentation Notes
There are a number of ways or methods to apply systems approaches to problem solving. One example is an indicator-based approach where you essentially have a metric or set of metrics that you can apply to one part or various parts of a system to gauge its performance at a single point in time. Data collected this way over an extended period of time can be much more valuable to track how a system performs long term.  

Another example is systems mapping where you essentially map out what the systems looks like by drawing a visualization of how the components are related.

Systems modeling allows you to take this static visualization a step further, in a sense bringing it to life or making it dynamic. Systems models serve as a “virtual laboratory” for policymakers, program managers, and logisticians to capture all the direct and indirect effects caused by changes to a supply chain, identify sustainable solutions to the root causes of issues and save time, effort and resources in costly trial and error. Without systems modeling, evaluating the supply chain, identifying gaps, and implementing solutions can be insufficient, unsustainable and costly.
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Why focus on the supply chain?

Presenter Notes
Presentation Notes
In this module, and in alignment with the focus and goals for this workshop, we will be focusing on vaccine supply chains -- an example of a complex system.

Over the years, vaccine research and development has focused on the vaccine itself – how to create more effective, stable vaccines for more diseases. However, until recently, the supply chains that deliver these important, expensive vaccines to the people who need them were neglected. 

Vaccine supply chains, which are comprised of all of the stores, vehicles, personnel, and policies that help deliver vaccines from manufacturers to consumers, are now being recognized for the important role they play in increasing access, reducing wastage, and cutting costs.

These headlines are a few examples of news and journal articles that illustrate the increasing recognition of supply chains. 
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Vaccine delivery is a complex system

Presenter Notes
Presentation Notes
Vaccine supply chains are complex systems, comprising all the equipment, personnel, policies and processes needed to deliver a vaccine from its point of origin to the population. Understanding how the various components of a vaccine supply chain interact with each other is critical to evaluating supply chain function, identifying the root causes of issues and formulating sustainable solutions.

On the left side, you see the vaccine itself, which is comprised of various biological properties, stored in different containers and packages with different injection devices and accessories, for different costs of development. Vaccine development requires collaboration between funders, researchers, manufacturers, and government officials to create a product. 

In the middle is the vaccine supply chain, which is represented here only as a straight line, but which we will demonstrate throughout this course is actually a complicated system of components and processes that can have a big effect on how vaccine technology is ultimately used. 

And on the right is the consumption side: this includes the population to be vaccinated, the health system and its ability to educate consumers and fund vaccination, the epidemiology of diseases that require different vaccines, and more. 

In total, this system is highly complex – without the right tools, decision makers can find it very difficult to make the right choices for the population in need. 
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HERMES is a Systems Modeling Tool for Decision Support

Presenter Notes
Presentation Notes
HERMES, which stands for Highly Extensible Resource for Modeling Event-Driven Supply Chains (but we will stick to HERMES for short) is a  software platform that can rapidly generate a discrete event simulation model of any supply chain. 

The tutorials covered in this module will be specific to vaccine supply chains, though our team has done, and continues to build, supply chain models for health supplies more broadly. 
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Hands-on Learning Using Systems Modeling

1

2

3

4

5
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Creating a New Vaccine Supply Chain Model

Running Your New Model & Viewing Results

Introducing or Changing Vaccines

Adding, Removing, and Changing Storage Devices

Removing a Level From the Supply Chain

Modifying Transport Characteristics by Level

Introducing Transport Loops

Presenter Notes
Presentation Notes
This course will teach you how to use the HERMES tool to take a systems approach to addressing supply chain issues.

Here I’ve outlined the two main tutorials in blue:

Creating a new vaccine supply chain model and 
Running the model and viewing results

From there, and depending on how the speed at which we progress, we will move on to manipulating the model to be able to:

-   Introduce or change vaccines in the supply chain
-   Add, remove, or change storage devices
Remove a level from the supply chain
Modify transport characteristics by level
And Introduce transport loops
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Creating a new supply chain model

Provincial 
Store

Provincial 
Store

Provincial 
Store

Provincial 
Store

Provincial 
Store

Provincial 
Store

Provincial 
Store

Provincial 
Store

Provincial 
Store

Provincial 
Store

District Stores

Health Facilities and Health Posts

Outreach Locations

National Level 
Store

Frequency:
Quarterly
Monthly 

Frequency:
Quarterly
Monthly

Frequency:
Monthly 
Weekly

Manufacturers

Frequency:
Quarterly
Monthly 
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Creating a new supply chain model

Refrigerator *

Refrigerator *

Refrigerator *

Freezer *

HIGHER LEVEL

- Capacity *
- Temperature range *
- Probability of failure or delay *

Presenter Notes
Presentation Notes
Refers to step 1 in slide 9: this is the basics of how the model represents a storage facility
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Creating a new supply chain model

Presenter Notes
Presentation Notes
This is the basics of how a consumer will arrive to be vaccinated an example of some of the outputs. 
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Presenter Notes
Presentation Notes
Our team has broken down vaccine supply chain measures into the following categories: 

SUPPLY
DEMAND
AGILITY
COST 
RESOURCE UTILIZATION
DEMAND FULFILLMENT

Each major category includes various metrics or indicators, which I described earlier. Between and among these measures, arrows describe the various relationships. A plus sign indicated a positive relationship, where the increase in one metric leads to an increase in another metric. A negative sign denotes a negative relationship where the increase in one metric leads to the decrease in another metric.

Finally the diagram shows how some metrics build on one another. For example, total cost per dose administered reflects the logistics and procurement costs together divided by the total doses administered. 
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Supply Measures

• Storage capacity: net storage space available for holding vaccines 
in their required storage conditions at a location or set of 
locations

• Transport capacity: net vehicle space available for holding 
vaccines in their required storage conditions on a route or set of 
routes

• Doses procured: vaccine doses purchased and brought into the a 
system in a given time period

• Number of personnel: staff members working in vaccine supply 
chain logistics at a location or set of locations in the supply chain

• % of personnel time dedicated to logistics: proportion of staff 
members’ normal working hours spent on supply chain logistics
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Demand Measures
• Birth rate: Live births per thousand persons in a population in a 

given year
• Temporal variations in demand: Periodic changes in the rate at 

which people arrive at immunizing locations seeking vaccines
• Immunization schedule: number and time of the full set of 

vaccine doses in a routine immunization program 
• Target coverage rate: proportion of needed immunizations a 

system attempts to provide
• Doses needed: vaccine doses that need to be administered to a 

population in order to achieve a target coverage rate
• Forecasted demand ratio: ratio of actual consumption of one or 

more products in a given time period compared to the forecasted 
consumption
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Agility Measures

• Lead time: average number of days from 
the time a shipment is ordered to the 
time it is received

• Time to meet emergency orders: average number of days from the time 
an emergency shipment is ordered to the time it is received

• Time through system (or supply chain level): average number of days 
products spend in storage or transport

• Annual number of inventory turns: annual vials consumed or wasted / 
average number of vials in inventory
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Cost Measures

• Storage costs: costs of storage equipment, energy, amortization, and 
maintenance in a given time period

• Building costs: costs of building overhead and amortization in a given time 
period

• Labor costs: costs of personnel salaries in a given time period
• Logistics costs: operating costs of supply chain logistics (storage + transport + 

labor + building)
• Total costs: logistics costs + vaccine procurement costs

• Vaccine procurement costs: costs of purchasing 
all vaccines that entered a system, or part of a 
system, in a given time period

• Transport costs: costs of per diems as well as 
vehicle fuel, amortization, and maintenance in a 
given time period
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Resource Utilization Measures

• % cold chain equipment functional: proportion of cold chain 
equipment (CCE) storage devices operable for storing vaccines

• Peak storage capacity utilization: maximum percentage of 
available storage capacity occupied by products at any time

• Peak transport capacity utilization: maximum percentage of 
available transport capacity needed to complete any shipment

• Trip/shipments completed: number of trips taken for a route or 
set of routes in a given time period, as a percentage of trips set 
by policy

• Extra trips over stated policy: number of annual trips taken for a route or set of routes on an 
as-needed basis, above the stated policy

• Personnel downtime: percentage of normal working hours dedicated to supply chain logistics 
spent inactive

• Personnel overtime: hours spent by personnel working on vaccine supply chain logistics in 
addition to normal working hours

• Closed vial wastage: unused vials discarded due to expiry, heat exposure, or breakage during 
a given time period

• Open vial wastage: partially used vials expired as a percentage of all vials opened
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Demand Fulfillment

• % shipments completed on time and in full: on-
time shipments containing the full amount ordered 
as a % of all shipments

• % locations stocked according to plan: locations 
maintaining stock levels according to policy as a % 
of all locations
• % locations experiencing stockouts: locations experiencing at least one stockout of at 

least one product in a given time period as a % of all locations
• % time out of stock: number of days in a year when a location or set of locations had 

no inventory on hand for one or more products as a % of total days measured
• Liters delivered: liters of vaccine in packaging delivered to a location or set of 

locations in a given time period
• Doses administered: vaccine doses administered to patients in a given time period
• Vaccine availability: successful immunizations administered to patients as a % of 

immunizations needed



21

Measures Across Multiple Categories

• Logistics cost per liter delivered: logistics costs / liters delivered in a 
given time period

• Logistics cost per dose administered: logistics costs / doses 
administered in a given time period

• Total cost per liter delivered: total costs / liters delivered in a given time 
period

• Total cost per dose administered: total costs / doses administered in a 
given time period
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Running the HERMES systems model and viewing results

Presenter Notes
Presentation Notes
This is an example of a HERMES output in the GUI
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The importance of measuring the entire system

In what situations would a metric appear reasonable, but the system itself is not functioning 
effectively or efficiently? 

Example metric: Vaccine availability (percentage of people presenting at immunization locations who are vaccinated) 

Vaccine availability may be high in systems…
Maintaining high buffer stock levels, which may help ensure an uninterrupted supply of vaccines but can also contribute to 
high vaccine wastage rates due to expiry of unopened vials 
Using large multi-dose vial sizes, which can alleviate supply chain bottlenecks due to the small cold chain volume required per 
dose but can cause high open vial wastage rates as more unused doses must be discarded 
Holding overly frequent vaccination sessions, which can help to minimize missed vaccination opportunities but can incur high 
logistics costs from operating immunizing locations or conducting outreach activities 
Transporting vaccines in vehicles that are larger than needed, which may alleviate transport bottlenecks by providing ample 
capacity for each shipment but can result in high transportation costs from operating the large vehicles 
Storing vaccines in storage devices that are larger than needed, which may alleviate storage bottlenecks by offering more 
than sufficient capacity for locations to store vaccines but can incur high storage costs to operate the large devices

Presenter Notes
Presentation Notes
Explaining these two slides helped them understand how measuring one metric may not tell a whole story. This is why it is important to capture multiple indicators and think of how the whole system works. 
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The importance of measuring the entire system
Vaccine availability may also be high in systems…
Employing more personnel than are needed, which may minimize supply chain bottlenecks due to understaffing but can incur 
high labor costs from employee wages and benefits 

Making more frequent shipments than prescribed by system policies, which may deliver more vaccines where storage or 
transport bottlenecks restrict shipment sizes but can lead to high transport costs from taking vehicles on extra trips 

Storing vaccines in overfilled storage devices or in equipment not designed for vaccine storage, which can allow a system to 
store more vaccines where storage bottlenecks limit stock levels but can lead to high vaccine wastage rates due to the 
increased risk of exposing vaccines to conditions outside of their required storage temperatures 

Setting low coverage targets that represent a fraction of each age cohort, which may allow a system to adequately achieve its 
goals while even substantial parts of the population remain unvaccinated

Offering few vaccines in the immunization schedule, which may allow a system to achieve high coverage but would leave the 
population unprotected against certain preventable diseases and may fail to take advantage of economies of scale potentially 
gained by adding vaccines to the existing program 

Sampling only some locations that are not representative of the entire system or reporting only one overall value for the 
entire system may produce estimates of vaccine availability that miss the lower performance in some areas that were not 
sampled or represent a subset too small to produce significant changes in results for the overall system 



Understanding Country Vaccine Supply Chains  • VACCINE ECONOMICS WORKSHOP-3

• MAKERERE UNIVERSITY SCHOOL OF PUBLIC HEALTH

• 28 – 30 MAY, 2018



Background
• Functional supply chain systems as the backbone of routine immunization. However;

• Supply chain systems currently strained  in keeping up with the demand for immunisation services

• Lack of  alignment of  investments in the vaccines and cold chain systems to protect them

• Immunization supply chain networks should be designed to maximize efficiency, effectiveness, agility and 

responsiveness to  needs of the specific country immunization programme. 

• Supply chain models need to be developed to address specific questions within specific country  contexts:

• Optimisation of  supply chain operations (procurement, storage, ordering, distribution)-doing it right?

• New Vaccine Introduction (NUVI)- Effect on entire EPI supply chain system 

• How do we allocate the available resources more effectively?—allocative efficiencies

• Effect of  conditions & circumstances on the performance of  the supply chain

Presenter Notes
Presentation Notes
6- Rights

Right product
Right quantity
Right condition
Right place
Right time
Right cost


What kind of questions would you want answered (depending on your role in the system?)
-EPI Program
-Vaccine & Supplies Procurement Individuals
-MOH
-NITAG



Uganda vaccine supply chain case study

Presenter Notes
Presentation Notes
Where are we coming from?---where would we want to go?



Uganda’s supply chain system [ SURE,2011]--- Example of a complex  system

Presenter Notes
Presentation Notes
Integration
What to integrate?—products/process
How to integrate?--
Vaccines supply chain system existing within already complex system
Streamline/Harmonisation has happened across the system---still not perfect but shows where we came from




Vaccine Supply Chain (pre- supply chain Integration)-Uganda

Performance on vaccine Supply 
Chain Indicators

• Agility
- Lead time 

• Cost
-Cost per dose administered
-Logistic cost per dose administered
-Cost per litre delivered

• Demand Fulfilment
-Vaccine availability –days out of  
stock

Presenter Notes
Presentation Notes
opportunities for increased efficiency exist and the costs and benefits of integration should be evaluated on a systems basis rather than in a vertical top-down or bottom-up approach. Similar integration in other countries e.g. Senegal, Tunisia 




Vaccine Supply Chain (After- supply chain Integration)-Uganda

Expected Benefits
• Lower cost-storage and distribution costs
• Lower vaccine lead time
• Sustainability of  in country vaccine delivery systems

How do you demonstrate such benefits to policy makers?

How do you answer the-”What if "questions from the policy 
maker/implementers?

Other vaccine supply chain optimisation reforms?-CMYP
• Strengthening of  transport and logistics as well as standard 

immunization  practices at all levels. --HOW
Health Facilities

District Vaccine Stores

Central Vaccine Stores



New Vaccine Introduction (NUVI) Pipeline for Uganda

• What is planned?-cMYP 
• Introduction of  new vaccines (Rotavirus, MenAfriVac), 
• Under-utilized vaccines (IPV, Yellow fever, Rubella containing vaccines) 
• Switch from tOPV to bOPV and from TT to Td 

• What could be the effects of these changes?--Discussion
• Consideration of  the system wide effects of  NUVI—e.g based on PCV experience



EVMA--Identifying Vaccine  Supply Chain Challenges and Opportunities

• EVM  a tool for supply chain system diagnosis-However, we need to go beyond 
knowing the challenges to identify the corrective actions 

• Effective Vaccine Management Indicator Areas (assessed at National, District, 
Facility-80% target on each

1. Vaccine arrival
2. Storage capacity
3. Storage temperature
4. Buildings, Equipment and Transport
5. Maintenance
6. stock management
7. Distribution
8. Vaccine management; 
9. Information systems and supportive functions

• ***Uganda (2011 & 2014)

• “Of  the 65 low and lower-middle income countries assessed on effective vaccine management, none has met the recommended 
WHO standard.” WHO/UNICEF Joint Statement on Effective Vaccine Management

Presenter Notes
Presentation Notes
Key findings highlight that in 65 low and  middle income countries (blue)



Uganda’s EVMA Assessment (2014)—Target 80%

Presenter Notes
Presentation Notes
Diagnose the challenges--- So what? Process of thinking through corrective actions



EVMA quality improvement cycle –WHO/UNICEF

Presenter Notes
Presentation Notes
How do you move from diagnosis to modelling effect of recommended corrective actions?
Where can you use HERMES and in what way?



Other country vaccine supply chain case studies
• Discussion
1. Examples of reforms (implemented/planned) to optimise supply chain operations 

--- making the vaccine supply chain more efficient 
• (procurement, storage, ordering, distribution)-doing it right?

1. Ethiopia

2. Uganda

3. Kenya

4. Tanzania

5. Rwanda

• 2. Role of modelling in demonstrating effect of these proposed/implemented 
reforms
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Example: Changing the Vaccine Type
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Example: Changing the Vaccine Type

Context: 
• Many health centers in Niger have unreliable power or lack cold chain infrastructure, and 

therefore face difficulties in maintaining vaccines within 2–8°C
• There is lack of reliable methods for keeping vaccines adequately cool or cold in many parts 

of the world motivation to develop and introduce thermostable vaccines
• Concerns about the extent of benefits: if only some vaccines are made thermostable, they 

still have to maintain a cold chain for the non-thermostable vaccines thereby limiting the 
benefits

Main Questions to be answered:
How will Niger’s existing cold chain infrastructure benefit from thermostable vaccines?
• Is there a significant difference between the benefits of having all vaccines thermostable or 

just a few individual vaccines thermostable?
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Example: Changing the Vaccine Type

Methods:
• Constructed a detailed discrete-event simulation computational model of the Niger vaccine 

supply chain using HERMES software.

• The model incorporated 7 EPI vaccines (bCG, DTP, DTP-HepB, OPV, Measles, Tetanus toxoid, YF)

• The model includes the type, make, model, age, and the specific capacity of every single cold 
room, refrigerator, and freezer at each location in the Niger supply chain.

• Each simulation experiment generated the following measures of supply chain performance: 
Vaccine Availability, Transport Capacity Utilization, and Storage Capacity Utilization
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Example: Changing the Vaccine Type

Results:

• Making any EPI vaccine thermostable relieved existing supply chain bottlenecks (especially at the 
lowest levels), increased vaccine availability of all EPI vaccines, and decreased cold storage and 
transport capacity utilization. 

• Biggest impact came from making the pentavalent vaccine thermostable, increasing its own vaccine availability 
from 87% to 97% and the vaccine availabilities of all other remaining non-thermostable EPI vaccines to over 93%. 

• However, making each of the other vaccines thermostable had considerably less effect on the remaining vaccines, 
failing to increase the vaccine availabilities of other vaccines to more than 89%. 

Take-away: 
HERMES model shows that even a single thermostable vaccine (or a subset of them) could significantly help alleviate 
supply chain bottlenecks that occur throughout the world

Modeling can help help funders, policy makers, scientists, and manufacturers prioritize which vaccines to make 
thermostable, delineating the potential differential benefits of each on the vaccine supply chain.
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Example: Making Changes to Cold Chain Equipment
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Example: Making Changes to Cold Chain Equipment

Context: 
• Vaccine supply chains in many countries currently experience bottlenecks due to limited 

storage or transport capacity
• expected to get worse with the introduction of 12 new vaccines by 2019 (perhaps now optimistic at best).

• International donors tend to donate stationary storage devices far more often than transport 
equipment. 

Main Question to be answered:
What is the impact of adding stationary storage equipment on the capacity requirements of 
transport devices and vehicles?
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Example: Making Changes to Cold Chain Equipment

Methods:
• Constructed a detailed discrete-event simulation computational model of the Niger vaccine supply chain using 

HERMES software.

• The model simulated the population demand and EPI vaccine schedule for 2015, as projected in the Niger CMYP

• The transport capacity requirement was measured for each of the 3 types of vehicles and transport devices 
used in the Niger vaccine cold chain (cold trucks, pickup trucks, and vaccine carriers) under the current system, 
without additional storage or transport equipment. 

• Cold rooms and refrigerators were then added to relieve all stationary storage constraints and measured the 
transport capacity requirement under this altered system.

• A transport capacity requirement of more than 100% indicates a transport bottleneck
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Example: Making Changes to Cold Chain Equipment

Results:
• Relieving storage constraints aggravated existing transport bottlenecks and created new 

bottlenecks for routes that did not experience constraints before storage was added. 

• With the addition of stationary storage, the average transport capacity requirement 
increased from 

• 88% to 144% for cold trucks
• 101% to 197% for pickup trucks
• 366% to 420% for vaccine carriers.

Take-away: 
Models such as this one can be used to evaluate supply the effect of different technologies on the supply 
chain and how a new technology introduction may affect other parts of the system



44

Hands-on Learning Using Systems Modeling

1

2

3

4

5

6

7

Creating a New Vaccine Supply Chain Model

Running Your New Model & Viewing Results

Introducing or Changing Vaccines

Adding, Removing, and Changing Storage Devices

Removing a Level From the Supply Chain

Modifying Transport Characteristics by Level

Introducing Transport Loops

Presenter Notes
Presentation Notes
Reiterated what we would be doing, and then got started building the model!
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Download HERMES 1.0

Go to: http://hermes.psc.edu/

 Click “Download” tab

 Chose the appropriate download (Mac users vs Windows users)

 Follow the prompts, then open the software

http://hermes.psc.edu/
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