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Abstract 

Nowadays, the healthcare industry focuses on the COVID-19 more than any other issues and it 

uses any approach or solution that is helpful to battle against this pandemic disease. There are many 

close similarities between the symptoms of the coronavirus and the Influenza (flu) virus, which 

sometimes make it difficult to distinguish between them. So, it has prompted countries to start flu 

vaccination to prevent potential problems. As a result, it has caused a significant increase in demand 

for the flu vaccine. To consider it, this study presents a multi-level supply chain for the flu vaccine 

during the COVID-19 pandemic. The problem pursues three main goals: cost minimization, 

maximizing demand allocation based on customer prioritization, and minimizing maximum lost 

customer demand. Due to the limited number of vaccines, a rate indicating the priority of each group 

of customers to receive the vaccine in the proposed model is considered. Customer prioritization can 

undermine justice because a flu patient is in critical condition but has low priority. Therefore, the third 

objective seeks to create justice and morality by minimizing the maximum lost demand. To evaluate 

the model, it is conducted based on a case study in Mazandaran province, Iran. The findings 

illuminate that 79 % of the demand will be met. Besides it shows that by increasing the capacity to 

10%, the demand will be satisfied 9 percent more. Finally, some worthwhile and practical managerial 

insights are suggested. 
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1. Introduction 
The pharmaceutical industry is one of the high-tech industries and researchers should take more 

attention to research and development in this sphere. The pharmaceutical industry includes the 

process of drug production to its sale, and since this process is long and complex, so research related 

to this industry should be done with great care and attention. The increasing demand for drugs 

indicates that the constant need for drugs is an integral part of human life for their health (1). Due to 
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the great and direct impacts of drugs on people's health and lives, many studies are done and still 

doing in healthcare area (2).  

In recent centuries, vaccines have been one of the most important drugs that inject health into 

society (3). The studies done in the vaccine field reveal that the vaccine production and distribution 

process is complicated and has its own features. Therefore, it shows the necessity of proper planning 

and management for the vaccine supply chain. (4).  

These days, the world is infected with the coronavirus and it has caused serious troubles for each 

community in various aspects such as economic, social, educational, and medical. Therefore, all 

countries, especially the medical community are looking for a helpful, useful, and effective solution to 

combat this disease. One of the issues that the medical community emphasizes and suggests countries 

is to vaccinate people with the flu vaccine during the COVID-19 pandemic. As it is clear, the 

similarities of the symptoms between the flu virus and coronavirus are many and very close. 

Therefore, it is very difficult to distinguish between these two diseases. So the flu vaccination can be 

an effective remedy to prevent any possible problem. For example, one of the great problems that the 

flu causes during this disease is that when a person gets the flu and cannot diagnose these diseases 

from each other, he or she goes to a medical center to receive medical treatment. Therefore, it is 

possible to get the COVID-19 disease there. In other words, the flu can indirectly cause to be infected 

with the COVID-19 disease. Another noteworthy point is that although the medical community has 

achieved significant success in COVID-19 vaccine production and the vaccination has begun in the 

world in some countries. But, due to the low production rate of the COVID-19 vaccine and in 

contrast, the high demand rate for it has caused that many people in many countries have not been 

vaccinated yet. On the other hand, the cold season is coming in 2021 and the need for the flu vaccine 

will increase sharply again. Furthermore, there will always be a need for the flu vaccine, even after 

the COVID-19. Besides, the production and distribution of the flu vaccine have their own 

characteristics and conditions. For example, the flu vaccine is given over some time in a year. Also, 

due to its high and fast perishability rate, special conditions are required for its transmission and 

distribution. Therefore, all of these emphasize the importance of designing a proper supply chain for 

proper management of this product from production to its supply to customers. 

Also, the necessity and importance of our current research are clear. In this study, to consider the 

topic, a multi-level supply chain network for the flu vaccine during the COVID-19 pandemic is 

provided. Besides, some important items such as customer prioritization, justice and morality, and 

dynamical demand are considered in the problem model. To demonstrate the performance of the 

proposed supply chain, it is implemented in a real case study.  

Other parts of this paper include: In the second section, the related literature is reviewed. The 

third section describes the problem and mathematical model of designing a flu vaccine supply chain 

network in the COVID-19 epidemic. In the fourth section, a case study is presented and the results of 

the mathematical model are collected based on its information. In the end, managerial insights are 

provided and the conclusion of the present study is discussed. 

 

2. Literature review 
Drugs are one of the crucial commercial and strategic items in the world because they are 

important in terms of affecting the health and safety of communities as well as profitability. The 

pharmaceutical industry is one of the key and most profitable industries in the world so that having a 

pharmaceutical industry is defined as one of the important indicators of countries' development. The 

pharmaceutical industry is a futuristic industry, which after the service industry, has the highest 

percentage of the future-oriented industry. Research plays a key role in healthcare. In recent years, 

researchers have tried to provide all possible strategies for patients' quick and easy access to medicine. 

When the drug is produced, the first step is taken, but it is very important that the produced drug 

reaches the customer quickly or that it is provided to the applicants with the least amount of defects. 

Vaccines are always an urgent need that must be met immediately. In the context of the COVID-19 

epidemic, the distribution of the vaccine has become more sensitive than before. Vaccines usually 

have special conditions. These conditions include the method of storage, transportation, and 

allocation. Researchers have also published many articles in this field to play an effective role in 

improving the health industry. 



Vaccines are powerful health tools that save about three million lives each year. Vaccines are 

temperature-sensitive biological products. The Polio vaccine is crucial sensitive to temperature and 

should be stored frozen. Vaccines (such as measles and rubella) may be frozen or stored at 2-8 ° C. 

Other liquid vaccines such as diphtheria, hepatitis B, and tetanus should be stored and transported at 

2-8 ° C (5). Exposure to heat reduces the useful life of vaccines (6). Improper storage temperature 

reduces the strength of vaccines and therefore does not protect patients against disease (7, 8). 

Improper transportation and storage of the vaccine may reduce the effectiveness of the vaccine. 

Transportation and storage above 8 ° C have been reported in some countries (9), and vaccine freezing 

has been reported in many countries (10). A study in Indonesia when monitoring the temperature of 

the hepatitis B vaccine showed that 75% of these vaccines were frozen during transport. Tunisia, like 

middle-income countries, used home-built refrigerators and cold boxes to store and transports its 

vaccines. One of the functional weaknesses of refrigerators is that they are not able to maintain a 

temperature range of 2-8 degrees Celsius and there is a risk of freezing. This weakness of home 

refrigerators and its consequences have led to a number of countries to work with refrigerator 

manufacturers to find solutions to this problem (11). A weak supply chain often results in a loss of 

vaccine during distribution (12). Most vaccines require a temperature-controlled environment (freezer 

or refrigerator) (13). In order to maintain the vaccine in the cold chain from the production stage, it is 

necessary to have sufficient cold chain infrastructure (14), compliance with standards, and effective 

management. Health care providers need to have enough information to manage the cold chain (15).  

On the other hand, an efficient supply chain network can have significant effects on the quality of 

treatment. Yadava (16) believes that good performance in the supply chain of vaccines, drugs, and 

medical equipment, which is the backbone of the healthcare system, has given importance to this 

issue. Weak supply chains in this system jeopardize treatment programs to meet people's needs. In his 

article, he gives an overview of the structure of the supply chain of medical products in developing 

countries. Its purpose is to identify key areas for reform to ensure that the supply chain is active or at 

least that there is no barrier to the supply chain and its objectives. Effective distribution of vaccines is 

important to reduce the risk of transmitting the disease to the community. A supply chain network 

including production, packaging, and distribution will reduce costs (17). Lee et al. (18) proposed a 

mathematical model that examines the impact of a new vaccine on the vaccine supply chain. Their 

results from this article indicate that the distribution of the new vaccine requires more transport and 

storage capacity to carry out the vaccination accurately. Shittu et al. (19) in their problem model, 

concluded that a redesign of the old vaccine supply chain was essential. They believe that capacity is 

one of the most important points in the vaccine supply chain. They found for their model that 55% 

needed to increase capacity, and to supply it they could improve the situation to some extent by 

creating three centers. Previous research has comprehensively reviewed the appropriate distribution 

and prioritization of vaccines (20-22). Lin et al. (23) believe that the vaccine is sensitive to 

temperature hence which creates special conditions for transportation and has bad consequences. They 

presented a vaccine supply chain model involving a distributor and a hospital or clinic. In this article, 

there is a one-step or two-step inspection and it will be selected based on the cold or non-cold chain 

problem policies. Finally, they express that the role of the retailer, hospital or clinic, is effective in 

improving the non-cold chain transportation process. Sajadi et al. (24) designed a vaccine supply 

chain network. They took into account cost and demand uncertainties. Moreover, they consider other 

conditions such as limited capacity. For more deep reviews, some related papers could be considered 

(Hogan et al. (25), Spicknall et al. (26), Pourmehdi et al. (27), Kartoglu et al. (28), Farajzadeh et al. 

(29), Hosseini et al. (30), Beraud (31), and White et al. (32)). 

The critical situation facing the present century is the presence of an unknown virus that has 

highlighted the importance of designing a powerful network to deal with it. Mahajan and Tomar (33) 

investigated the disruption effects of COVID-19 on the food supply chain. Decreased access to 

vegetables and fruits is one of the important issues that have disrupted the chain. They conducted a 

case study on an online food sales company to analyze the economic effects of COVID-19 on the food 

chain network. COVID-19 has exposed the shortcomings in the decision to distribute resources. By 

defining a problem, they try to decide by a central controller to which center to send the test kits (34). 

Vaccines are often rare (35). Given the importance of health and treatment, governments and public 

health organizations generally decide whether to allocate vaccines (36). The complexity of vaccine 

allocation also has an ethical dimension, as justice and efficiency must also be considered in vaccine 



allocation (37). Kaufmann et al. (38) expressed that the vaccine supply chain network is divided into 

two parts: the first segment, moves the vaccine to the receiving countries, and the second segment, 

distributes the vaccines in the recipient countries. In most cases, the main purpose of vaccination is to 

prevent the spread of the virus (39). Maureen et al. (40) stated that so far, articles in the field of the 

COVID-19 vaccine have generally been qualitative, and less attention has been paid to the flexibility 

of the COVID-19 vaccine supply chain while being of great importance (41). They proposed a 

comprehensive and quantitative flexibility approach in the vaccine supply chain. Abbasi et al. (42) 

stated that allocation and distribution during COVID-19 vaccination is a complex and dynamic 

operation, especially on a large scale (43). They described an effective model for their problem. They 

provided a mathematical model based on exposure risk, sensitivity rate, and constraints such as 

transshipment capacity. Rastegar et al. (44) presented a mathematical inventory-allocation model for 

influenza vaccine and stated that equitable distribution of the vaccine plays a very important role in 

developing countries. They demonstrated the effectiveness of the model by implementing the model 

in a case study. In their article, they considered that the flu vaccine belongs to the cold chain and that 

keeping it at the wrong temperature will affect its quality. On the other hand, they believe that 

ignoring vulnerable groups in the population can lead to disaster. Tsuzuki et al. (45) stated that the 

most common transmission of the influenza virus is through children and that if the main focus of 

vaccination programs is on children, the epidemiological impact will be greater than when the focus 

of vaccination is on the elderly. In addition, vaccinating children is more effective and economical. 

Esmizadeh et al. (46) presented a hierarchical hub network in the cold supply chain. They tried to 

formulate a stochastic demand and multi-level freshness time window by expressing an integer multi-

objective mathematical model. The model was solved with a genetic algorithm. For more deep 

reviews, consider the below articles. (e.g., Duijzer et al. (47), Dai et al. (48) and Sarley et al. (49)). 

Moreover, Table 1 shows a general literature review of the vaccine supply chain. 

 

*****Please insert Table 1***** 

 

2.1. Research gap 
Few papers investigated the flu vaccine supply chain, especially during the COVID-19 pandemic. 

Also, it is claimed that the flu vaccine is a helpful solution to tackle the COVID-19 disease. So, it is 

important to study and evaluate its supply chain during this pandemic. Therefore, we consider this 

topic and design a competent supply chain for it during the pandemic. So, it distinguishes our work 

from others. Two issues are very important in the flu vaccine supply chain. The first one is the time 

period and the other is the prioritization of applicants due to the limited number of vaccines. 

Therefore, both issues are taken into account in our work. To show the priority of each applicant, first, 

the applicants are classified into different groups and then a degree of importance was allocated to 

each group. Moreover, based on the literature review, the research done germane to the vaccine 

supply chain has just paid attention to maintenance conditions and has not considered these important 

subjects. The contributions of this paper are as follows: 

 Designing influenza vaccine supply chain network in the pandemic diseases 

 Categorizing the customers into different groups and ascribing a degree of importance to each 

of them.  

 Dynamical demand 

 Considering a real case study. 

 

3. Problem formulation  
3.1. Problem description 

One of the most important crises that people face is influenza and its cure. The main step in 

treating the disease is prevention. Therefore, countries attempt to prevent people from being involved 

with the flu. Demand for influenza vaccine in Iran has been high in recent years and the emergence 

advent of the COVID-19 has caused a significant increase in demand for influenza vaccine compared 

with before. In addition to providing vaccines, the government should try to prevent the spread of the 

virus by optimal allocation. Some individuals believe that if they get influenza, they are more likely to 



get the COVID-19 because they have to go to a health center for treatment, which leads them to enter 

an environment where the COVID-19 patients are also present. That's why so many people want to 

get the vaccine. Therefore, the distribution and allocation of influenza vaccines to appropriate people 

are considered necessary. 

It should be noted that there are different groups of people in society that require receiving the 

influenza vaccine. Receipt of sufficient doses of influenza vaccine for the maximum demand is the 

first thing the vaccine storage center is obliged to purchase from the distributor. In this study, 
customers are categorized into six groups: 1) Treatment staff, 2) specific patients, 3) babies, 4) elderly, 
5) pregnant women and 6) other people. Since the flu vaccine has not been produced in Iran so far, 

they must import the required vaccine. The vaccine storage center initially imports the flu vaccine 

from some countries in specific doses. The flu vaccine is also divided into trivalent and quaternary. 

The quaternary covers more than trivalent virus strains. 

Vaccines are delivered as quickly as possible according to the demand of each region. The Food 

and Drug organization of each region receives the vaccines sent from the central vaccine storage 

center. The main task of distributing the vaccine is the responsibility of the Food and Drug 

organization. There are six groups of applicants for the vaccine, but due to the sensitivity of the 

vaccine distribution, the desired goods are sent to three centers, so that the vaccine customers can 

refer to the intended centers. Hospitals, health centers, and pharmacies are the three centers where the 

distribution center is required to send the flu vaccine according to customer demand and their degree 

of importance. Hospitals only cover the demand for medical staff, health centers meet the demand of 

special patients and infants, and the demand for the elderly, pregnant women, and other people is 

provided by the pharmacy. 

One of the most important parameters of the problem is time period. The demand of customers 

before the distribution of influenza vaccine is clear and all customers intend to receive the vaccine at 

the first distribution, but it is very important for the Food and Drug organization to first allocate the 

vaccine to the treatment staff that is prone to the disease. Therefore, at this stage, customers will be 

prioritized then vaccines will be allocated with the customer's degree of importance. The model 

covers the demand for medical staff in the first time period. In the second stage, there are special 

patients and infants for whom vaccination is very important, and in the end. Finally, the elderly, 

pregnant women, and ordinary people are given priority. 

The flu vaccine must be stored under certain and particular conditions otherwise it will not affect. 

On the other hand, it should be noted that the percentage of vaccines in different centers are discarded 

due to transportation, operator error during transfer, etc. 

All customer demands are in the first period, but the vaccines are imported in different periods, 

and so the distribution center should distribute it in each period. Therefore, the demand is requested in 

the first period and due to the fact that a significant part of it is not answered, it will be transferred to 

the next period. Attempts are made to respond to the demand as much as possible in the next time 

period, otherwise, it will be postponed to the next period and even some customer requests may 

remain unanswered due to the small amount of vaccine input. 

On the other hand, there is a psychological burden among people to inject different vaccines. In 

other words, vaccine applicants believe that the quaternary or trivalent, as well as the country that 

produced it, will be very effective. This psychological burden can be due to the advertisements of 

various companies, conversations between people in the community and many other things that lead 

applicants to inject quaternary vaccine produced by a particular company; thus psychological burden 

can be positive or negative. It should be noted that the problem model is based entirely on a case 

study, so the following factors are considered in the problem:  

 The problem is multi-period. 

 The demands of medical staff are met by the hospital, special patients and infants by health 

centers and the elderly, pregnant women, and individuals by the pharmacy.  

 A percentage of the vaccines received are discarded due to defects 

 Definition of the significant factor for the type of vaccine  

 Prioritization of applicants for influenza vaccine  

 Demand is certain. Part of the demand may be lost and the issue may be shortage. 

 The capacity of the centers is limited. 



 Special patients are assumed to be all types of cancer patients, heart patients, etc.  

 Babies are 6 to 59 months old. 

 

What is defined in this study is the role of unanswered demand as total demand in the next period. 

Demand is requested in the first period and if it is not met, it will be saved as a lost request. The 

demand lost in the first period is defined as the demand in the next period and this operation will 

continue until the end of the period. Lost demand in the final period will be expressed as a lack of 

expression. Dynamical demand means that demand does not exist in each period separately, but at the 

beginning of the period the amount of demand is specified. Therefore, the lost demand at the end of 

each period is considered as the demand of the next period. The four-level supply chain network 

which includes the vaccine storage center, the distribution center, customers includes hospital, health 

center, and pharmacy and waste centers can be seen in Figure 1. 

 

*****Please insert Figure 1***** 

 
The problem is modeled from the perspective of the central vaccine storage center. In the present 

study, a multi-objective model is proposed and they are cost minimization, maximizing demand 

coverage based on customer importance and minimizing the maximum of unanswered demand, 

respectively. 

In recent years, the distribution of the influenza vaccine has not been as sensitive as it uses today. The 

COVID-19 virus has been one of the greatest crises of the century, affecting all medical activities. On 

the other hand, one of the most dangerous diseases that cause the death of many people in the world 

during recent years is the flu. The vaccine has been around for years and is updated every year due to 

the mutation of the virus, but the flu is still dangerous and deadly. The importance of this issue is 

quite clear and researchers need to get more and more involved in health issues. The mathematical 

model that is stated below is defined based on a case study and intends to take an important step in the 

country's healthcare industry by implementing it, because, in the next step, the model can be expanded 

for the distribution of the Coronavirus vaccine. 

 
3.2. Mathematical model 

First, the indices, parameters, and decision variables are defined. Then the mathematical model of the 

problem is explained according to the assumptions. 

Indices 
w  Vaccine storage center 
o  Distribution center 

h  Hospital 
e  Health center 
p  Pharmacy 

r  Waste center 

n  Product 
t  Time period 
c  Customer 

 
Parameters 

1woV  Shipping cost from vaccine storage center w to organization o  

2ohV  Shipping cost from organization o to hospital h  

3oeV  Shipping cost from organization o to health center e  

4oeV  Shipping cost from organization o to pharmacy p  

5hrV  Shipping cost from hospital h to waste center r  

6erV  Shipping cost from health center e to waste center r  



7prV  Shipping cost from pharmacy p to waste center r  

chD   Demand for costumer c  at hospital h  

ceD   Demand for costumer c at health center e  

cpD   Demand for costumer c at pharmacy p  

cnX  The importance degree of product n for customer c  

hnt  The percentage of the defective product n that transporting to hospital h during period t  

ent  The percentage of the defective product n that transporting to health center e during 

period t  

pnt  The percentage of the defective product n that transporting to pharmacy p during t  

hrDis   1, if the hospital h is within the coverage radius of the waste center r  

erDis   1, if the health center e is within the coverage radius of the waste center r  

prDis   1, if the pharmacy p is within the coverage radius of the waste center r  

wtCap  The capacity of the vaccine storage center w in period t  

otCap   The capacity of the organization o in period t  

htCap   The capacity of the hospital h in period t  

etCap   The capacity of the health center e in period t  

ptcappt  The capacity of the pharmacy p in period t  

ohDs   1, if the hospital h is covered by the organization o  

oeDs   1, if the health center e is covered by the organization o  

Ds   1, if the pharmacy p is covered by the organization o  

 

Decisions variables 

wontQWO   The amount of product n transmitted from vaccine storage center w to organization o
in period t   

ohntcQOH   The amount of product n transmitted from organization o to hospital h  in period t for 

customer c   

oentcQOE   The amount of product n transmitted from organization o to health center e  in period 

t for customer c  

opntcQOP   The amount of product n transmitted from organization o to pharmacy p in period t

for customer c  

hrntSHR   The amount of product n transmitted from hospital h to waste center r in period t  

erntSER   The amount of product n transmitted from health center e to waste center r in period 

t  

prntSPR   The amount of product n transmitted from pharmacy p to waste center r in period t  

ohntcJOH   The amount of unanswered demand product n that should be transmitted from 

organization o to hospital h  in period t for customer c  

oentcJOE   The amount of unanswered demand product n that should be transmitted from 

organization o to health center e in period t for customer c  

opntcJOP   The amount of unanswered demand product n that should be transmitted from 

organization o to pharmacy p in period t for customer c  

 
Objective functions 



1

, , , , , , , , , , , , , , ,

, , , , , , , , ,

 1 2 3 4

5 6 7

wo wont oh ohntc oe oentc oe opntc

w o n t o h n t c o e n t c o p n t c

hr hrnt er ernt pr prnt

h r n t e r n t p r n t

Min Z V QWO V QOH V QOE V QOP

V SHR V SER V SPR

   

  

   

  
 (1) 

 

2

, , , , , , , , , , , ,

 Z cn ohntc cn oentc cn opntc

o h n t c o e n t c o p n t c

Max X QOH X QOE X QOP      
 

(2) 

 

3

, , , , , , , , ,

 Z ohntc oentc opntc
h e p

o n t c o n t c o n t c

Min Max JOH Max JOE Max JOP
     

       
     
    

 

(3) 

The first objective function in Eq. (1) is to minimize the transportation cost. It considers the cost of 

shipping the vaccine storage center to the distribution center, from the distribution center to 

customers, and finally from the customers to the waste center.  

In Eq. (2), the second objective function is to maximize the amount of delivered product to the 

customer based on its importance degree. In other words, customers are prioritized and those 

customers for whom vaccination is necessary are given higher priority. In this case, the modeling was 

based on the real world, and it can even be said that it was a look at the sensitivity of the distribution 

of the COVID-19 vaccine in the future. Therefore, according to this objective function, the vaccine 

will first be injected into people who have a higher degree of importance, for example, the treatment 

staff has a much higher priority than a normal person because they face the disease directly and if they 

get the disease will have worse consequences. 

In Eq. (3), the third objective function also seeks to minimize the maximum unfulfilled demand at 

hospitals, health centers, and pharmacies. In the third objective, the model tries to balance the lost 

demand for customers. In other words, the problem model does not meet only one customer that has 

the biggest range of importance because the second objective is to prioritize customers. The third 

objective serves the purpose of justice among customers. 

 

Constraints 

wont ohntc oentc opntc

w h c e c p c

QWO QOH QOE QOP       , ,o n t  (4) 

hnt ohntc hr hrnt

o c

QOH Dis SHR    , , ,h r n t  (5) 

ent oentc er ernt

o c

QOE Dis SER    , , ,e r n t  (6) 

pnt opntc pr prnt

o c

QOH Dis SPR    , , ,p r n t  (7) 

(1 )hnt ohntc oh ohntc ch

o n o n

QOH Ds JOH D       , , 1c h t   (8) 

 ( 1) (1 )ohn t c hnt ohntc oh ohntc

o n o n

JOH QOH Ds JOH
     , , 1c h t   (9) 

(1 )ent oentc oe oentc ce

o n o n

QOE Ds JOE D       , , 1c e t   (10) 

 ( 1) (1 )oen t c ent oentc oe oentc

o n o n

JOE QOE Ds JOE
     , , 1c e t   (11) 

(1 )pnt opntc op opntc cp

o p o p

QOP Ds JOP D       , , 1c p t   (12) 

 ( 1) (1 )opn t c pnt opntc op opntc

o n o n

JOP QOP Ds JOP
     , , 1c p t   (13) 

wont wt

o n

QWO Cap   ,w t   (14) 



wont ot

w n

QWO Cap    ,o t   (15) 

(1 )hnt ohntc ht

o n c

QOH Cap     ,h t   (16) 

(1 )ent oentc et

o n c

QOE Cap    ,e t   (17) 

(1 )pnt opntc pt

o n c

cappQ tOP   ,p t   (18) 

Constraint (4) represents the balance between the input and output currents of the distribution 

center. This organization is obliged to transfer all the vaccines it receives from the vaccine storage 

center to the hospital, health center, and pharmacy. In this constraint, it is clear that no vaccine will 

remain in stock for the next period. Constraints (5)- (7) indicate that some vaccines cannot be used 

due to defects and must be shipped to a waste center. There is a different percentage of defective 

vaccines for hospitals, health centers, and pharmacies, and this is because the storage and 

transportation of the vaccine have certain conditions that can lead to corruption. Constraint (8) states 

that a healthy vaccine will meet customer demand if it is within a coverage radius and transported to a 

hospital. If part of the request is not answered, constraint 9 indicates that it will be replaced as a 

request. In this way, the unanswered demand at each stage is defined as the demand for the next 

period. In other words, demand in each period is updated by the lost demand of the previous period. 

Vaccine demand for customers is initially fixed and is allocated at different time periods based on the 

model. Constraints (10) and (11) do the same for health centers, and Constraints (12) and (13) do the 

same for pharmacy demand. Constraints (14)- (18) indicate limited capacity determination. Each level 

can store a certain level. 

 
3.3. Linearization of the third objective function 

Since the third objective function is nonlinear, the following constraints are used for linearization. 

hy , ey  and py are free variable that replaces the maximum lost demand. Since hy , ey  and py  

must get the maximum value possible, Constraints (20)- (22) make this condition.   

 

3 Z h e p

h e p

Min y y y        (19) 

h ohntc

h n t c

y JOH   h   (20) 

e oentc

e n t c

y JOE  e  (21) 

p opntc

p n t c

y JOP  p  (22) 

 
3.4 Multi-objective optimization approach 

In the real world, issues have different goals and managers want to optimize all their goals (50). 

There are many approaches to dealing with multi-objective issues, some of which depend on the 

decision-maker to prioritize (51), while others try to minimize deviations from all goals (52). In this 

research, the lexicographic method will be applied .This approach will be described below. Multi-

objective optimization problems have more than one goal, which can be minimization or 

maximization. Goals conflict with each other, meaning that improving one goal makes the other 

worse or does not change the other. The general form of a multi-objective optimization problem is as 

follows: 

𝑚𝑖𝑛/ max   𝑓𝑚(𝑥)  ∀ 𝑚 ∈ 𝑀 (25) 

Subject to: 𝑔𝑗(𝑥) > 0 ∀ 𝑗 ∈ 𝐽 (26) 

 ℎ𝑘(𝑥) = 0 ∀ 𝑘 ∈ 𝐾 (27) 

One method of solving multi-objective optimization is the lexicographic approach. In this method, the 

decision-maker prioritizes the objective functions and according to that, the problem solving operation 



begins. Assume that the importance and priority of the objectives are according to their indices, 𝑓1 the 

most important and 𝑓𝑚 the least important. Then, the problem is solved as follows: 

 

max  𝑓1   (25) 

Subject to: 𝑔𝑗(𝑥) ≤ 0 ∀ 𝑗 ∈ 𝐽 (26) 

 ℎ𝑘(𝑥) ≤ 0 ∀𝑘 ∈ 𝐾 (27) 

 𝑥 ≥ 0  (28) 

So, 𝑓1
∗ is the optimal answer to the model written above. By taking into account 𝑓1

∗, the model below 

is formulated by considering the second most important objective function.  

max 𝑓2   (29) 

Subject to: 𝑔𝑗(𝑥) ≤ 0 ∀ 𝑗 ∈ 𝐽 (30) 

 𝑓1(𝑥) = 𝑓1
∗ 

 

 (31) 

This process continues respectively until considering the last objective function. When several 

conflicting objectives are of importance, there is no single optimal answer that minimizes or 

maximizes all desired objective functions at the same time. The solution output of a multi-objective 

optimization problem is a set of alternate answers with corresponding values for the desired purposes 

called Pareto. The answers in the Pareto sets do not differ in mathematical terms. If f1 the first priority 

object, optimal range answer would be  𝑥𝑏 ≤ 𝑥 ≤ 𝑥𝑐. Due to the minimizing 𝑓1(𝑥), in this 

circumstance, the 𝑓2(𝑥) will be minimized at the point 𝑥𝑐, accordingly 𝑥𝑐 is the answer to the 

problem. This method is sensitive to the prioritizing by the decision-maker, and it is evident that the 

optimal solution of the model changes if the ranking of goals alters. During the vaccination allocation 

process, the order of priority of customers is most important because it can prevent the spread of 

disease and mortality, which is defined in the second objective function. The next priority is to 

minimize the maximum lost demand, and finally, the cost to the ministry of health and medical 

education (MOHME) is the priority, which is the third and first goals of the problem model, 

respectively. There are many approaches to multi-objective optimization solution methods, in this 

problem the lexicographic approach is used. 

 

4. Case study 
 4.1. Case description and input parameters 

Today, academic research is defined in terms of the real problems of organizations. Therefore, the 

effectiveness of research can be evaluated in a real case study. In this study, the problem is defined 

based on a real case, which is one of the biggest problems of the treatment system in special COVID-

19 conditions.  

Mazandaran is located in the north of Iran and because of having the most beautiful scenery in 

Iran, it always attracts many travelers. The arrival of travelers to an area is always considered positive 

because it causes the economic prosperity of the area, but this time we must look at it from another 

angle. The arrival of non-natives to visit the sights, if viewed from the perspective of the health 

system, causes the entry of different diseases into a province. Imagine a sick tourist entering an area 

and spreading the virus. Clearly, the health system of that region will be in crisis for a long time and 

the people of that region will have to pay for the beauty of their province in this way. On the other 

hand, when many travelers enter a province, they naturally use the health care system there as well. In 

other words, the health facilities of the people of one province are shared by others, and sometimes 

these areas also face shortages. During the COVID-19 arrival period, Mazandaran province has 

always been one of the most affected by coronavirus disease in the country. 

Influenza vaccine has always had many applicants during its implementation period, and now that 

the COVID-19 is the main health crisis of the current century, the demand for influenza vaccine 

among the people has multiplied. Humans have been exposed to many viruses during their lifetimes, 

such as plague and tuberculosis, and in the present age, the COVID-19 has caused the death of many 

people around the world. The flu vaccine, despite the efforts of scientists to produce it for many years 

and is updated every year due to changes in the virus, but still could not prevent the death of some 

patients with the flu. One of the challenges that the health system of any country faces is fair and 

priority distribution to prevent the Prevalence of disease and death of patients as much as possible. 



In this study, the ministry of health and medical education (MOHME) is in charge of receiving the 

vaccine and distributing it. Since the flu vaccine has not yet been produced in the country, it must be 

purchased from other countries. The purchased vaccine is collected in the vaccine storage center of 

the ministry of health and medical education, and from there the vaccine is allocated to the food and 

drug organization of each province according to the amount of demand. Some provinces have several 

organizations due to their population and area. In this article, the issue is to distribute the flu vaccine 

among the applicants in Mazandaran province with a fair and priority distribution. According to the 

above explanations, the first level of the supply chain is the Ministry of Health's vaccine storage 

center, and the problem, as stated in the modeling section, is the three goals of cost minimization, 

maximization of allocation based on priority, and minimization of maximum lost demand in hospitals, 

health centers, and pharmacies is included. Three types of trivalent and quaternary vaccines are sent 

by the vaccine storage center. Customers have different views on each of these three vaccines based 

on personal information, which affects their significance. The cities for the case study are shown in 

Figure 2. 

 

*****Please insert Figure 2***** 

There are two Iran Food and Drug Organizations (IFDOs) in Mazandaran province and each of 

them covers different cities. The IFDO number 2 covers two cities of Babol and Babolsar and IFDO 

number 1 covers other cities of Mazandaran province. In each city of Mazandaran province, a 

hospital, health center, and pharmacy are defined as a reference for receiving vaccines. Each customer 

refers to each of the mentioned centers according to the defined mechanism. The amount of vaccine 

allocated by the vaccine storage center is shown in Table2. Tables (3) to (6) show the capacity of each 

center.  

 

*****Please insert Table 2***** 

*****Please insert Table 3***** 

*****Please insert Table 4***** 

*****Please insert Table 5***** 

*****Please insert Table 6***** 

 
The demand for influenza vaccine is summarized in Tables (7) to (9). Table 7 shows the total 

customer demand in the hospital. The hospital only meets the demand of the medical staff. Table 8 

shows the level of customer demand from health centers. The clients of the health center are special 

patients and infants from 6 to 59 months. Table 9 also shows the demand for pharmacy customers. 

Pharmacy customers include the elderly, pregnant women, and the general public. 
 

*****Please insert Table 7***** 

*****Please insert Table 8***** 

*****Please insert Table 9***** 

 

It is worth mentioning that 2% of the items sent by the IFDO could not be used for reasons such as 

corruption, breakage, and others and will be sent to the waste center. Table 10 shows how important 

the type of vaccine is for each client. On the other hand, it is clear that customers also have priority 

over each other. As shown in Table 10, the treatment staff has the highest priority for receiving the 

type 1 vaccine, and normal people have the lowest priority in this regard. Each hospital, health center, 

and pharmacy can only move their defective product to their city waste center. 
 



*****Please insert Table 10***** 

4.2. Computational results 
The definitive model of the flu vaccine supply chain network has been solved by considering the 

input parameters in GAMS software, MIP model was resolved with CPLEX by a computer with Intel 

Core i5 and 4 GB specification. Since the problem has three goals, one of the multi-objective 

optimization approaches must be considered to solve the problem. The problem is presented using a 

lexicographic approach. The optimal values of the problem after solving with the lexicographic 

approach are given in Table 11. The second goal has the first priority, the third goal has the second 

priority and the first goal has the last priority. 

 

*****Please insert Table 11***** 

 
 

As expected, the second objective gets its best value by prioritizing the problem objectives 

based on the method of solving the function. Then the third objective function according to the 

answer to the problem by the second objective function gets a worse answer than the ideal answer 

expressed through the single objective function and so for the first objective function. The third 

objective function has deteriorated by 13% and the first objective function by 33%, and this is in 

exchange for the second objective function having its best value. 

The problem model, according to the objective functions, tries to meet the restrictions of the 

problem and allocate the vaccine accordingly to the customers and centers. In this study, 6 groups 

of customers received the vaccine from the intended centers. As stated in the second goal, the 

treatment staff has a high priority, and then special patients and infants are given priority. The 

problem model has met all the demands of the medical staff through the hospital. On the other 

hand, 85% of customers 'requests are met from the health center and 54% of customers' requests 

are met from pharmacies that shown in Figure 3. In total, 79% of flu vaccine demands have been 

answered and only 21% of demands have been lost. 
 

*****Please insert Figure 3***** 

Figure 4 shows what percentage of each customer's demand is met. As mentioned earlier, all the 

demands of the medical staff have been met. Given the objectives of the issue and its limitations, 

Figure 4 shows what percentage of other customers' demands have been met. 

 

*****Please insert Figure 4***** 

Tables (12)-(13) show how much of each vaccine is given to customers in each time period. Tables 

12 and 13 show how much vaccine is delivered from the IFDO to the hospital to meet the demand of 

the first client, the treatment staff. 
 

*****Please insert Table 12***** 

*****Please insert Table 13***** 

 
Tables (14)-(17) show how much vaccine is delivered from IFDO to health centers to meet second 

and third customer demand. 

 

*****Please insert Table 14***** 

*****Please insert Table 15***** 

*****Please insert Table 16***** 



*****Please insert Table 17***** 

 

Tables (18)-(23) show how much vaccine is delivered from IFDO to the pharmacy to meet 

customer demand. 
 

*****Please insert Table 18***** 

*****Please insert Table 19***** 

*****Please insert Table 20***** 

*****Please insert Table 21***** 

*****Please insert Table 22***** 

*****Please insert Table 23***** 

 

 

In the third section, the problem was precisely defined and its hypotheses were explained. Then, by 

presenting a multi-objective mathematical model of the conceptual model of the problem and solving 

it using the lexicographic method, the model answer was presented quite accurately. 
 

4.3. Sensitivity analyses and managerial implications 

Mathematical modeling and its implementation are very important in a case study, but what better 

shows the output of research is the sensitivity analysis and the proposed management packages. 

Sensitivity analysis means what effect changes will have on the parameters of the problem, and to 

what extent these changes can improve the situation. Then, by analyzing and presenting a managerial 

package insight to the manager, it leads to the efficiency and effectiveness of research. In addition to 

defining the problem and solving it from real problems, the academic environment should have a 

comprehensive analysis of the situation so that managers can try to solve it by raising the issue. In the 

following, several cases of sensitivity analysis regarding the problem model are collected. 

 
4.3.1. The effects of changing the percentage of defective vaccine 

The effect of decreasing or increasing the percentage of vaccine defects on the Objective Functions 

(OFs) is shown in Figure 5. As it is observed, if the percentage of the defective products increases for 

various reasons, the second OF, the importance range of each vaccine type for customers, will have a 

sharp decrease. If the percentage of defective items increases, the lost demand increases, it is natural 

that the amount of second OF decreases. Increasing or decreasing the spoiled vaccine percentage has a 

direct effect on lost demand, hence the third OF, minimizing maximum lost demand, will change; an 

increasing the percentage of vaccine defect cause to increase this OF. On the other hand, if the 

percentage of defective items is reduced, it will have a significant impact on reducing the first OF. 

 

*****Please insert Figure 5***** 

 
4.3.2. Sensitivity analysis of assigning the IFDO to customers under different scenarios 

Figure 6 demonstrates that if the main scenario of the IFDOs are allocated to customer changes, 

how much changing the response to the problem will have. In this regard, three different scenarios are 

defined: the first scenario is in accordance with the main problem form; The second scenario is when 

there are no restrictions on sending from the IFDOs to customers in all cities; The third one is that the 

first IFDO should meet the demand of customers in cities 1 to 5, and the second IFDO should be 

responsible for the demand of other remaining cities. 



Obviously, it is expected that in the second scenario by eliminating the allocation of cities to 

IFDOs, the total costs of the problem will be reduced; because if each IFDO meets the demand for 

vaccines according to its distance from the centers, the costs will be reduced. It should be noted that 

the goals of customer prioritization (the second OF) and minimizing the maximum lost demand of 

each center (the third OF) have a higher priority than the first OF, and it represents the significant 

results of this sensitivity analysis shown in Figure 6. 

 

*****Please insert Figure 6***** 

 
4.3.3. Sensitivity analysis of increasing the capacity of the MOHME 

Figure 7 reveals that if the MOHME can increase the initial capacity, it will improve the OFs and 

increase the percentage of demand response. In this regard, three different scenarios are defined to 

examine the changes in the OFs. The first scenario describes the current situation of the problem. The 

second scenario states that the capacity of the MOHME increases by 5% and in the third scenario it 

increases by 10%. In the current situation, 79% of the demand is answered. Under the second 

scenario, 84% of the demand is met, and the second and third OFs will be improved. As more 

vaccines are delivered across the supply chain network, the first OF, reducing the costs, increased. All 

the outcomes of the second and the third scenario are identical except when 88% of the demand will 

be met. 

 

*****Please insert Figure 7***** 

 
4.3.4. Conflict of the objectives 

Figure 8 indicates the conflict between the OFs and Figure 9 denotes the conflict between the 

second and third OF. The second OF prioritizes the customers based on their urgent need for vaccines 

and the third OF is justice among the customers. The second OF increases, the third OF also 

increases, so this indicates the conflict. 

 

*****Please insert Figure 8***** 

*****Please insert Figure 9***** 

The main purpose of this study is to present a practical mechanism helping the healthcare system 

in epidemic conditions such as COVID-19, which vehemently affects the treatment process. The flu 

virus has endangered the health of many people globally in recent years, and even though its vaccine 

has been developed, people who become infected with the disease are still in danger of dying. During 

an epidemic like COVID-19, which has flu-like symptoms, the demand for the flu vaccine increases 

as people try to prevent any disease, and the need for proper management and planning in medical and 

health dominations are more necessary than any other times. Therefore, to cover this issue, special 

attention must be paid to social justice. 

 
4.4. Managerial insights 

This study provides useful suggestions for the government and managers of medical departments and 

other related institutions from different perspectives. Considering the findings, some of the 

recommendations are presented: 

1. One of the critical issues in health is preventing the spread of diseases in the community. Hence, 

the effort to improve the performance of medical product supply chain by prioritizing applicants 

would help this cause. Nowadays, when the shadow of COVID-19 is on all health issues, the 

demand for the flu vaccine has also increased. Therefore, distribution centers can play an 

essential role in this chain. In this study, it has been observed that changing the radius of 

coverage of distribution centers, IFDO, can significantly influence the answer to the problem. 

2. Improper management in the health network can have irreparable consequences. The rate of 

transmission of influenza can increase the number of people with the disease in a short time. 



Furthermore, each vaccine not only saves one life but can prevent many people from becoming 

infected. Therefore, with efficient management, it will be possible to reduce the percentage of 

spoiled vaccines during transfers. 

3. Using experts to calculate sufficient capacity for centers can significantly reduce the risk of 

catching the flu. In section 4.3.3, it has been observed that managers can transfer more vaccines 

by considering more capacity for their centers. In this study, the importance of capacity is quite 

tangible. In the present study, by increasing the input capacity by 10%, the satisfied demand 

changes from 79% to 88%. 

4. In this research, it has been shown that the considered supply chain had the highest productivity 

with the lowest cost. Effective and efficient supply chain network design in this study made the 

minimization of costs possible. 

 

5. Conclusion 
The current study presents a mathematical model for the influenza vaccine supply chain network 

during the COVID-19 epidemic. In this study, the problem faces limitations such as grouping 

vaccinations, prioritizing individuals and their degree of importance, vaccine shortages, and covering 

lost demand as quickly as possible. The designed network is a multi-level supply chain including 

vaccine storage center, distribution center, customer groups, and waste center. Also, the model is a 

multi-objective one including minimizing costs, prioritizing vaccine applicants, and establishing 

justice and morality. The first objective minimizes the cost of transportation. The second objective 

function categorizes customers into different groups and ranks them based on their degree of 

importance, the likelihood of being infected with the virus, and its spread. In this research, it was 

stated that the demand is equal to the requested vaccine at the beginning of the period. Due to the 

conditions of the problem and the arrival of the vaccine during different periods, the demand in each 

period is updated according to the lost demand of the previous period. The third objective function 

minimizes the maximum lost demand for each center, hospital, health center, and pharmacy. In the 

second objective function, customers have priority and it causes that some customers who have 

emergency conditions and are placed in a lower category to be ignored. Therefore, the third OF tries 

to solve this problem. Significant conflict is formed between the second and third OFs leads to 

optimal Pareto responses. 

 One of the suggestions of the present study is to examine the strategic and tactical decisions 

of the supply chain. The vaccine is maintained under special conditions, and in this regard, 

such as maintenance and transmission conditions can be considered. 

 The issue of scheduling the movement of vehicles on the network route is critical. Given that 

vaccines are also a perishable commodity. 

 Define the mechanism after vaccination. Medical products can lead to the spread of infection 

in the community after consumption. Therefore, centers should be considered for sterilization 

before using medical products. Biological risk is always lurking, so considering a reverse 

supply chain network is essential too. 

 Routing under different scenarios can also make this research more interesting. In this 

research, the COVID-19 epidemic has been considered, and in other researches, this issue can 

be evaluated in some other critical situations such as earthquakes. 
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Figure 1. The proposed supply chain network problem  
 

 

 
Figure 2. Cities for the case study 

 



 
Figure 3. Percentage of demand met for each center 

 

 
Figure 4. Percentage of demand met for each type of customer 

 

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

hospital health center pharmacy

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

customer 1 customer 2 customer 3 customer 4 customer 5 customer 6



 
Figure 5. Effect of defect percentage on objective functions 

 

 
Figure 6. Amount of the objectives due to a changing allocation 
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Figure 7. Impact of increasing input capacity by the MOHME 

 

 
Figure 8. Conflict of the first objective with the second and third objectives 
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Figure 9. Conflict of the second objective with the third objective 
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Table 1. Literature review 

Author(s) name Year Main discussion 
Tools, methods, or 

approaches 
Case study 

Bozorgi and Fahimnia (53) 2021 Vaccine supply chain - Australia  

Sun et al. (54) 2021 
Analysis for effective 

vaccine distribution  
Simulation Norway 

Rastegar et al. (44) 2021 
Inventory-allocation 

influenza vaccine 
Mathematical model Iran 

Chandra et al. (55) 2021 
next-generation vaccine 

supply chain 

fuzzy analytical 

hierarchical process 

(FAHP) 
- 

Golan et al. (56) 2021 
Analyzing vaccine supply 

chain resilience 
Mathematical model - 

Tsuzuki et al. [45] 2020 vaccination programs 
Markov Chain, Monte 

Carlo  
Japan 

Abbasi et al. (42) 2020 
Allocation and distribution 

vaccination 
Mathematical model Australia  

Bulula et al. (57) 2020 
Vaccine storage and 

distribution 
Micro-costing approach Tanzania 

de Carvalho et al. (58) 2019 

Design and Planning of 

Sustainable Vaccine 

Supply Chain 

Mathematical model 
European 

company 

Chandra and Kumar (59) 2019 
Prioritizing the vaccine 

supply chain  
Fuzzy ANP - 

Chandra and Kumar (60) 2018 
Analysis of vaccine supply 

chain 
ISM approach - 

Lee et al. (61) 2016 
Re-designing vaccine 

supply chain 
Simulation Mozambique 

Lee et al. [18] 2011 
Maintaining vaccine 

delivery 
Simulation Thailand 

 
 

Table 2. The MOHME capacity 

Vaccine type 
Period 

1 2 3 4 5 

1 2000 2000 2000   

2 2000 2000 2000 1000  

3    2000 1000 

4    3000 1000 

5    2000 1000 

6    2000 2000 

 

Table 3. The capacity of IFDO 

otcap   

IFDO 
Period 

1 2 3 4 5 

1 15000 15000 15000 15000 15000 

2 12000 12000 12000 12000 12000 
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Table 4. The capacity of the hospitals 

htcap   

Hospital 
Period 

1 2 3 4 5 

1 10000 10000 10000 10000 10000 

2 10000 10000 10000 10000 10000 

3 10000 10000 10000 10000 10000 

4 20000 20000 20000 20000 20000 

5 10000 10000 10000 10000 10000 

6 20000 20000 20000 20000 20000 

7 20000 20000 20000 20000 20000 

8 10000 10000 10000 10000 10000 

9 10000 10000 10000 10000 10000 

10 10000 10000 10000 10000 10000 

11 10000 10000 10000 10000 10000 

12 10000 10000 10000 10000 10000 

13 10000 10000 10000 10000 10000 

14 10000 10000 10000 10000 10000 

15 10000 10000 10000 10000 10000 

 

Table 5. The capacity of the health center 

etcap   

Health center 
Period 

1 2 3 4 5 

1 10000 10000 10000 10000 10000 

2 10000 10000 10000 10000 10000 

3 10000 10000 10000 10000 10000 

4 20000 20000 20000 20000 20000 

5 10000 10000 10000 10000 10000 

6 20000 20000 20000 20000 20000 

7 20000 20000 20000 20000 20000 

8 10000 10000 10000 10000 10000 

9 10000 10000 10000 10000 10000 

10 10000 10000 10000 10000 10000 

11 10000 10000 10000 10000 10000 

12 10000 10000 10000 10000 10000 

13 10000 10000 10000 10000 10000 

14 10000 10000 10000 10000 10000 

15 10000 10000 10000 10000 10000 

 

  



Table 6. The capacity of pharmacy 

ptcappt  

Pharmacy 
Period 

1 2 3 4 5 

1 10000 10000 10000 10000 10000 

2 10000 10000 10000 10000 10000 

3 10000 10000 10000 10000 10000 

4 20000 20000 20000 20000 20000 

5 10000 10000 10000 10000 10000 

6 20000 20000 20000 20000 20000 

7 20000 20000 20000 20000 20000 

8 10000 10000 10000 10000 10000 

9 10000 10000 10000 10000 10000 

10 10000 10000 10000 10000 10000 

11 10000 10000 10000 10000 10000 

12 10000 10000 10000 10000 10000 

13 10000 10000 10000 10000 10000 

14 10000 10000 10000 10000 10000 

15 10000 10000 10000 10000 10000 

 
Table 7. The amount of customer demand from the hospital 

chD   

Customer 
Period 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 300 300 300 500 300 400 300 300 300 300 300 300 300 300 300 

 

Table 8. The amount of customer demand from the health center 

ceD   

Customer 
Pharmacy 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

2 500 500 500 700 500 700 600 500 500 500 500 500 500 500 500 

3 500 500 500 700 500 700 600 500 500 500 500 500 500 500 500 

 

Table 9. The amount of customer demand from the pharmacy 

cpD   

Customer 
Period 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

4 400 400 400 600 400 600 500 400 400 400 400 400 400 400 400 

5 400 400 400 600 400 600 500 400 400 400 400 400 400 400 400 

6 400 400 400 600 400 600 500 400 400 400 400 400 400 400 400 

 

Table 10. Importance factor of vaccine type for customer 

cnx  

customer 
Vaccine type 

1 2 3 4 5 6 

1 10 9 8 7 6 5 

2 9 8 7 6 5 4 

3 8 7 6 5 4 3 

4 7 6 5 4 3 2 

5 6 5 4 3 2 1 

6 5 4 3 2 1 0.5 

 

 

 

 

 



Table 11. The optimal values of target functions 

 
1Minz  

2Minz  
3Minz  

Optimal single objejctive 84302.6 251000 157670 

Optimal lexicographic 112558.36 251000 178380 

 

Table 12. The amount of vaccine transferred from the IFDO 1 to the hospital 

ohntcQOH  

1IFDO      1customer   

Vaccine 

type 
period 

Hospital 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 1  306  450   306    306   306  

1 2   306  306           

2 1 306   41     306 306  306 22  306 

                            

Table 13. The amount of vaccine transferred from the IFDO 2 to the hospital 

ohntcQOH  

2IFDO      1customer   

Vaccine 

type 
period 

Hospital 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 1        306        

2 1      408          

 

Table 14. The amount of vaccine transferred from the IFDO 1 to the health center 

oentcQOE  

1IFDO      2Customer   

Vaccine 

type 
period 

Health center 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 2             225   

1 3  510 245 265            

2 2          510      

2 3       510         

4 4           510     

5 4             286  408 

5 5 510               

 

Table 15. The amount of vaccine transferred from the IFDO 1 to the health center 

oentcQOE  

1IFDO      3Customer   
Vaccine 

type 
period 

Health center 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 3    714     510       

2 2               510 

3 3 163 510              

3 4     225           

3 5           510     

4 3             510 510  

4 4 347               

4 5          510      

5 4     286           

 

 

 

 

 



Table 16. The amount of vaccine transferred from the IFDO 2 to the health center 

oentcQOE  

2IFDO      2Customer   

Vaccine 

type 
period 

e  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

4 4        510        

 

Table 17. The amount of vaccine transferred from the IFDO 2 to the health center 

oentcQOE  

2IFDO      3Customer   

Vaccine 

type 
period 

Health center 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 3      714          

2 3        510        

 

Table 18. The amount of vaccine transferred from the IFDO 1 to the pharmacy 

opntcQOP  

1IFDO      4Customer   

Vaccine 

type 
period 

Pharmacy 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 2 245   613            

1 3         408       

2 2           265     

2 3 163               

3 3     408  490         

3 5           142     

4 3   163       408     408 

4 5  82            408  

5 4            408    

 

Table 19. The amount of vaccine transferred from the IFDO 2 to the pharmacy 

opntcQOP  

2IFDO      4Customer   

Vaccine 

type 
period 

Pharmacy 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 2      612          

3 3        408        

 

Table 20. The amount of vaccine transferred from the IFDO 1 to the pharmacy 

opntcQOP  

1IFDO      5Customer   

Vaccine 

type 
period 

Pharmacy 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 3          408      

2 2         408       

2 3  408            408  

3 3            408    

3 5    347            

 

 

 

 

 

 



Table 21. The amount of vaccine transferred from the IFDO 2 to the pharmacy 

opntcQOP  

2IFDO      5Customer   

Vaccine 

type 
period 

pharmacy 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

4 4      612  408        

 

Table 22. The amount of vaccine transferred from the IFDO 1 to the pharmacy 

opntcQOP  

1IFDO      6Customer   

Vaccine 

type 
period 

Pharmacy 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

6 4 408 408       368     408  

6 5    612 408     408 408 164    

 

Table 23. The amount of vaccine transferred from the IFDO 2 to the pharmacy 

opntcQOP  

2IFDO      6Customer   

Vaccine 

type 
period 

Pharmacy 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

6 4        408        
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