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Abstract 

Over the last century or more, immunization programs have contributed massively to public health advancement, significantly increased 
longevity and reduced child mortality rates, and to economic growth, development and prosperity across the board for most of the world. 
Consider, for instance, the success the global healthcare agencies and nations have had in eradicating small-pox, the “scourge of mankind” 
which had killed an estimated 300 million people in the 20th century alone, and in almost eradicating poliomyelitis (with only a few hundred 
cases reported in the last year in Pakistan, Afghanistan and Nigeria). 
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1 Introduction 

Despite the significant and indisputable economic benefits 
of immunization, vaccine supply chain management is no 
easy task, given the number of different actors involved (the 
governments of a host of countries, international health 
monitoring and disease-control organizations such as WHO, 
the US Centers for Disease Control, UNICEF or the United 
Nations Children’s Fund, and GAVI or the Global Alliance 
for Vaccine and Immunization, public health planners, the 
pharmaceutical industry, clinics, hospitals and healthcare 
providers and the 3rd Party Logistics, or 3PL, providers), and 
a slew of different factors or parameters relating to the 
clinical and  regulatory environment (e.g., safety, efficacy, 
probability of success, and operational effectiveness), 
economic or commercial considerations (e.g., scalability, 
cost, and profit potential, which would depend on market 
shares and sales volumes, growth rates and gross or net 
margins) and the operational and strategic aspects of the 
vaccine supply chain or system.  

“Since the business of making vaccines became a 
commercial proposition, profitability has often been elusive,” 
according to Lagerwij, et. al1. “The economics are difficult: 
Costs of development and production, already high, are 
rising. Profit margins historically have been lower than 
those of other pharmaceutical products, in part because of 
the complexities of manufacturing and distributing vaccines 
as well as their stringent safety, testing, and quality 
requirements. And scaling-up of immunization programs 
along with the introduction of new vaccines have put a 
significant strain on decades-old logistics and delivery 
systems.”  

More importantly, the “winner-take-all” nature of the 
vaccine market dynamics translates into a rather limited 
number of suppliers for each product class, with high costs 
and associated risks representing major challenges to the 

                                                                                 
1 Antoinette, Sudeep Suman, Jamie Hintlian, and Kevin Chen, Robust 

Supply Chains Could Help Pave the Way, 13-2-SpRpt-Final downloaded 

on March 23rd 2015 from BioProcess International’s Website: 

“winners” in the  vaccine market (“…compare the 38% cost 
of goods sold (CoGS) with 21% for pharmaceuticals…The 
average vaccine takes 10.71 years to develop and has a 6% 
chance of making it to market…”). As a result, many major 
manufacturers, especially in the United States, have left the 
market, leaving 90% of the world’s production and two-
thirds of R&D to companies in Europe and elsewhere. 

On the one hand, the vaccine value chain economics 
depend on the ease and accuracy with which vaccine sales 
can be projected or predicted, compared with other 
pharmaceuticals (pediatric vaccines being more readily 
forecastable based on annual birth counts, compared with 
hard to predict volume for vaccines targeted at limiting 
unpredictable outbreaks, e.g., H1N1 and other influenza 
viruses), since poor forecasting can result in delays or 
shortfalls in delivery, additional costs, and risks such as the 
loss of reputation, for instance. 

On the other hand, a centralized, well-managed supply 
chain can get the right product to the right place at the right 
time, reducing waste, meeting market demand, and reducing 
operating costs. However, given how vital it is to ensure 
product stability and the limited capacities of many markets 
in this respect, a major obstacle to delivering vaccines to 
populations in the developing world is the temperature 
sensitivity of such products, necessitating the use of 
expensive but not very reliable cold chains for storage and 
distribution. 

A number of recent developments have radically 
affected vaccine supply chain economics: i) live-attenuated 
vaccines (LAVs) are more effective as substitutes for 
inactivated versions, requiring a lower dosage and less 
exposure: once they are evaluated for safety and efficacy, 
LAVs may help reduce operational costs, carrying costs, 
and waste; (ii) a new wave of vaccines, e.g., DNA vaccines, 
stimulate a strong cellular response and are safer than LAVs, 
and are relatively easy and inexpensive to design, produce, 

http://www.bioprocessintl.com/manufacturing/vaccines/special-report-

path-vaccine-profitability/ 
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and transport because they do not require temperature-
controlled environments, as well as easier to administer, 
allowing vaccination teams to use less sophisticated and less 
expensive equipment. For instance, a study demonstrated 
that making a pentavalent vaccine thermostable increased its 
availability from 87% to 97%.  

In this thesis, we aim to use System Dynamics and 

                                                                                 
2 Here the “rightness” of the place, etc., would depend on whether we are 

referring to the pediatric vaccines used for the routine immunization of 

infants and children, or to those vaccines used for combating epidemics 

simulation to model and analyze the role of efficient and 
effective supply chain management (or getting the right 
vaccine for the right disease or combination of diseases, at 
the right temperature to the right place at or before the right 
time and at the right cost or price2) in delivering the wide 
ranging benefits of immunization.  

such as ebola, swine flu, etc.; and on whether the vaccines are 

prophylactic in nature and intended for acute diseases, or therapeutic in 

nature and targeted at chronic diseases. 


