
   
 

Content lists are available at VilniusUniversity 
Press 

 

Transformations In Business & Economics 

2026, Vol. 25 No 1 (67), pp.482-506. 

 
ISSN 1648-4460; E-ISSN 2538-872X 

https://doi.org/10.15388/Tibe.2026.25.1.24 

Chapter: Understanding Transformative Shifts in Consumer Behaviour and Market Processes 

Copyright © 2026 Shahryar Ghorbani, Figen Yıldırım, Ali Altug Bicer, Edmundas Kazimieras Zavadskas, Jurgita Antucheviciene, Reza 

Rostamzadeh. Published by Vilnius University Press. This is an Open Access article distributed under the terms of the Creative Commons Attribution 

Licence, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited. 

Submitted on April 2025. Accepted on November 2025. 

TRANSFORMATIONS IN BUSINESS & ECONOMICS, Vol. 25, No 1 (67), 2026 

 

A HYBRID MCDM FRAMEWORK FOR OVERCOMING BARRIERS IN THE COVID-19 

VACCINE SUPPLY CHAIN 

 

Shahryar Ghorbani 

E-mail: shahryar.ghorbani@istinye.edu.tr 

ORCID: https://ORCID.org/ 0000-0001-6085-1788  

Affiliation: Faculty of Economics, Administrative 

and Social Sciences, Istinye University, Turkey 

ROR: https://ROR.org/03081nz23 

Figen Yıldırım 

E-mail: figen.yildirim@istinye.edu.tr 

ORCID: https://ORCID.org/0000-0002-9247-2245 

Affiliation: Faculty of Economics, Administrative 

and Social Sciences, Istinye University, Turkey 

ROR: https://ROR.org/03081nz23 

Ali Altug Bicer 

E-mail: alialtug.bicer@istinye.edu.tr 

ORCID: https://ORCID.org/ 0000-0002-5515-212X 

Affiliation: Faculty of Economics, Administrative 

and Social Sciences, Istinye University, Turkey 

ROR: https://ROR.org/03081nz23 

Edmundas Kazimieras Zavadskas 

E-mail: edmundas.zavadskas@vilniustech.lt 

ORCID: https://ORCID.org/0000-0002-3201-949X 

Affiliation: Department of Construction 

Management and Real Estate, Vilnius 

Gediminas Technical University, Lithuania 

ROR: https://ROR.org/02x3e4q36 

Jurgita Antucheviciene 

E-mail: jurgita.antucheviciene@vilniustech.lt 

ORCID: https://ORCID.org/0000-0002-1734-3216 

Affiliation: Department of Construction 

Management and Real Estate, Vilnius 

Gediminas Technical University, Lithuania 

ROR: https://ROR.org/02x3e4q36 

Reza Rostamzadeh 

E-mail: Reza.Rostamzadeh@iau.ac.ir 

ORCID: https://ORCID.org/0000-0002-6161-7173 

Affiliation: Big Data Research Center, Islamic 

Azad University of Urmia, Iran 

ROR: https://ROR.org/05km8ys10 

Annotation. The COVID-19 pandemic has posed unprecedented challenges globally, with the vac-

cine supply chain (VSC) serving as a critical lifeline to mitigate the spread of the virus. This paper 

addresses the significant barriers to the COVID-19 VSC, identifies strategies for overcoming these 

barriers, and proposes a hybrid multi-criteria decision-making (MCDM) approach for prioritising these 

strategies. Using the Best-Worst Method (BWM) to determine the weights of barriers and the Weighted 

Aggregate Sum Product Assessment (WASPAS) method to rank strategies, this study reveals that the 

most significant barriers include challenges in monitoring and controlling vaccine temperature, 

maintaining cold chain logistics, and dealing with costs and suboptimal immunisation budgets. The 

findings suggest that fostering collab-oration, cooperation, and coordination across organisations is the 

most effective strategy for overcoming the mentioned barriers. This research provides actionable 

insights for policymakers, healthcare systems, and vac-cine distributors to enhance the efficiency and 

resilience of the COVID-19 VSC, contributing to global vaccination efforts. The study’s implications 

extend to future pan-demic response planning, offering strategies to build more sustainable and adapt-

able vaccine supply chains. 

https://www.vu.lt/leidyba/
https://www.vu.lt/leidyba/
https://www.journals.vu.lt/TIBE/index
https://doi.org/10.15388/Tibe.2026.25.1.24
https://www.vu.lt/leidyba/en/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/%200000-0001-6085-1788
https://orcid.org/0000-0000-0000-0000


S. Ghorbani, F. Yıldırım,  
A. Altug Bicer, E.K. Zavadskas,  
J. Antucheviciene, R. Rostamzadeh 

483 E-ISSN 2538-872X 

Understanding Transformative Shifts in Consumer Behaviour and Market Processes 

 

TRANSFORMATIONS IN BUSINESS & ECONOMICS, Vol. 25, No 1 (67), 2026 

 

Keywords: COVID-19 vaccine supply chain, vaccine distribution challenges, multi-criteria decision-

making (MCDM), Best-Worst Method (BWM), Weighted Aggregated Sum Product Assessment 

(WASPAS), vaccine logistics optimisation, supply chain resilience. 

JEL classification: C44, L73, Q55, Q56, R30. 

 

Introduction 

The COVID-19 pandemic has put the lives and well-being of billions of people throughout the globe in 
jeopardy (Ivanov, Dolgui, 2021). The pandemic has resulted in significant changes in the operation of 
administrative organizations (Narayanamurthy, Tortorella, 2021). A vaccination shortage due to a 
breakdown of the vaccine supply chain (VSC) would exacerbate the situation in the current environment 
(Chakraborty, Mali, 2021). A pandemic VSC differs from a standard VSC in how governments buy 
vaccinations directly from producers, skipping the usual wholesalers and distributors (Abbasi et al., 2020). 
As a result, healthcare specialists and VSC analysts search for excellent policies and tactics to combat 
the COVID-19 pandemic, including vaccine manufacture and distribution (Abbasi et al., 2023). It is critical 
to analyse the pandemic VSCs and understand the barriers to stop the epidemic’s devastation.  

COVID-19 vaccinations have been dubbed “the light at the end of the tunnel” to regain normality. Several 
vaccine manufacturers compete to mass-produce COVID-19 vaccinations (Kim et al., 2021). Because of 
the overall amount necessary by each nation to lower infection rates and prevent lockdowns, the COVID-
19 VSC is especially troublesome (Valizadeh et al., 2023). To vaccinate 100 percent of people with at least 
two doses for each person, the total number of vaccine doses necessary is around 2–2.5 times the existing 
population (16–20 billion doses vs 7 billion population). To contain the latest epidemic, even if 75 percent 
vaccination is achieved, 12–15 billion vaccine doses would be required globally (Rele, 2021). In 2021 and 
2022, many people imagines that the COVID-19 outbreak was coming to an end. It was debilitated, while 
this virus appeared in different forms, such as viruses of Delta and Omicron. In this situation, the duty of 
world leaders and the media was to encourage the public to get vaccinated, and the importance of the fact 
that the COVID 19 virus was not yet finished. The countries of the COVID-19 vaccine manufacturer must 
consider that different forms of the COVID-19 virus may appear in the future and they need to be 
responsive within any circumstances (Hu et al., 2023). The main supply chain challenges stem from 
managing significant quantity flows across complicated manufacturer-distributor-healthcare network ties 
that span multiple countries. Large volumes of material flow through complex networks link 
manufacturers with transportation providers and medical institutions located across different nations 
creating major challenges for supply chains (Shiri et al., 2024). 

The COVID-19 VSC faces challenges that differ from those encountered in previous VSCs related to viruses, 
such as the SARS epidemic in 2003, the MERS outbreak in 2015, the Ebola outbreaks in 2014 and 2018, 
and the Zika outbreak in 2016. Despite considerable academic interest in global supply chain literature, 
supply chain sustainability, and sustainable and resilient supply chain modeling, the specific barriers to 
the COVID-19 VSC have been insufficiently studied (Cano-Marin et al., 2023). To address the gap in existing 
literature, this study highlights the need to further explore these key barriers. Mismanagement and poor 
policymaking in the COVID-19 VSC are identified as the primary causes of these challenges, and effective 
measures to overcome them must be developed. This is especially critical for developing nations, which 
must recognise, assess, and devise solutions to these obstacles (Sahebi et al., 2019). 
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In this study, a hybrid Multi-Criteria Decision-Making (MCDM) technique is employed to explore the 
barriers to the COVID-19 VSC. Furthermore, vaccination is crucial for achieving the sustainable 
development goals (SDGs), as it can save lives and build productive communities through the 
improvement of healthcare systems (Ratzan et al., 2019). Therefore, the findings of this research hold 

significant implications for the SDGs . 

This research delivers comprehensive understanding of COVID-19 VSC barriers and strategies which can 
assist pandemic response efforts while helping governments and organisations adapt contingency 
monitoring and supply chain restructuring plans for future outbreaks. This research also provides explicit 
VSC-based knowledge about pandemic responses to resolve current pandemic challenges. As a result, 
the following study’s objectives are set: 

1) To identify the barriers and overcoming strategies in the COVID-19 VSC; 

2) To rank the strategies for overcoming barriers using the BWM-WASPAS approach; 

3)  To provide practical insights for policymakers to overcome the barriers of VSC. 

This research contributes to the existing body of knowledge in various ways. First, it identifies COVID-19 
VSC barriers and solutions for overcoming them. Second, it uses the best-worst method to assess barriers 
and the WASPAS method to assess strategies for overcoming them. Finally, it draws implications of these 
barriers to help policymakers. 

The article is structured as follows. The literature review for COVID-19 VSC and COVID-19 VSCBs is 
included in Section 2. Section 3 discusses the BWM and WASPAS technique. Section 4 introduces and 
analyses the suggested hybrid framework’s application, whereas Section 5 examines barriers and 
methods. The last section depicts the study implications, conclusions, and future work prospects. 

1. Literature Review 

1.1 COVID-19 and Vaccine Supply Chain 

The development of COVID-19 vaccines represents a significant scientific breakthrough (Weintraub et al., 
2021). In response to the pandemic, nations across the globe have mobilised efforts to introduce licensed 
vaccines, thereby mitigating the spread and impact of the virus. As of the latest developments, seventeen 
vaccines have entered Phase II trials, with three (AstraZeneca, Moderna, and Pfizer) having received 
approval for use in the European Union and the United Kingdom (Warren, Lofstedt, 2021). In an effort to 
accelerate the global response, the World Health Organisation (WHO) has partnered with international 
scientists, health organisations, and non-profit entities through the “Access to COVID-19 Tools (ACT)” 
initiative (Shervani et al., 2020). The successful and equitable distribution of vaccines is critical to 
minimising the devastating consequences of the pandemic. Therefore, both governmental bodies and 
academic institutions must prioritise strategies to ensure widespread vaccine availability (Ocampo, 
Yamagishi, 2020). A key challenge, however, lies in the sustainability of pharmaceutical supply networks 
as they scale to meet the unprecedented demand generated by this global health crisis (Yu et al., 2020). 

National and regional health regulators must authorise vaccines before they progress to the development 
and fulfilment phases through an interconnected network of supply chain processes that constitute the 
vaccine supply chain (VSC). The availability of the vaccine primarily depends on overcoming supply chain 
obstacles in both the development and de-livery stages. The development of new vaccines, alongside 
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studies on human effects, should receive equal emphasis as VSC solutions that enhance vaccination 
outcomes (Lee, Haidari, 2017). According to the WHO, 42 COVID-19 vaccines are currently in clinical trials, 
with 151 potential vaccines undergoing preclinical testing. Approximately 280,000 participants from 34 
countries are expected to take part in these vaccination studies. With the lifting of COVID-19-related 
restrictions, rapid vaccine distribution is seen as a game-changer, enabling the economy to recover more 
swiftly (Goodwin, 2021). 

The COVID-19 vaccine analysis became prominent throughout all scientific publications since the 
beginning of the epidemic (Dey et al., 2024). The work developed criteria to evaluate COVID-19 vaccination 
procedures. According to this study the novel paradigm shows potential for assisting with scenario 
development and trade-off analysis between different vaccination methods. The vaccine distribution 
model in the downstream supply chain was developed with variable assignments and distribution routes. 
A study examined how vaccine manufacturers act to deter fake vaccines and apply worldwide tracking 
protocols into their supply networks. The development of vaccines within pandemic periods is examined 
along with identified shortcomings and potential improvements for future pan-demic responses. These 
COVID-19 vaccine studies made commendable contributions but neglected to examine COVID-19 VSC’s 
problems. By employing MCDM analysis this study studies every possible obstacle affecting the COVID-
19 VSC system. This combination with multi-faceted decision analysis systems can more quickly and 
efficiently cope with complex decision-making processes. 

1.2 Recognition of COVID-19 VSC Barriers 

To gather data for this investigation, a multi-stage survey was used. The first step of the survey consisted 
of an actuality consultation with specialists to better understand the COVID-19 VSC barriers. A list of eight 
specialists (Table 1) was selected following participant evaluation of VSC and healthcare procedures. 
Table 1 displays experts from various VSC regions including vaccine producers alongside vaccine 
purchasers and distributors. Specialists from knowledge-based organisations and government advisors 
demonstrate superior involvement in comprehending the COVID-19 VSC barrier. 

Table 1. List of Participants in the Interview 

Experts  Position Experience Organisation 
E1  SC manager 10 Pharmaceutical industry 
E2 Professor, Industries sector  15 University 
E3 Professor, Vaccine sector  11 Medical sciences university 
E4 Senior management 15 Vaccine industry 
E5 Managing Director  10 Supplier 
E6 Professor of SC 18 Medical sciences university 
E7 Quality management  10 Vaccine industry 
E8  Senior Professor   16 Pharmaceutical industry 

Source: created by the authors. 
 

The literature review found twelve barriers. Accordingly, a barrier was included or eliminated if at least six 
of the eight experts (or 75% of the total) agreed or disagreed regarding its relationship to VSC. Four barriers 
are counted in the list of 12 barriers, while two are eliminated, namely “Immunisation programme delivery 
methodologies” and “Topographical limits”. After that, 20 COVID-19 VSC barriers are chosen. Appendix 1 
lists the obstacles and specifies whether they are based on research or expert opinion. Manufacturing 
barriers (B1), behavioural barriers (B2), last-mile delivery barriers (B3), cold chain barriers (B4), and 
organisational barriers (B5) are the five types of listed barriers. These categories are presented in Appendix 
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1. It is crucial to mention that the obstacles listed below do not represent all of the COVID-19 VSC’s 
barriers. 

1.3 VSCBs Overcoming Strategies 

More specifically, systematic investigations that have recognised and prioritised barriers for advising 
leaders to determine the considerably intense barriers requiring immediate attention versus those that can 
be postponed and recognised and prioritised some overcoming pro-cesses to manage these barriers stay 
scarce (Kargar et al., 2024). As a result, this research is justified and prompted by the absence of studies 
that fully identify the challenges to COVID-19 VSC setup in developing and developed nations and 
solutions to overcome such barriers. Vaccine production companies contribute substantially to those 
countries’ health and the developing worldwide sustainability challenge in COVID-19 prevention. One 
strategy to advance the sustainable development agenda in COVID-19 VSC is to focus on this research by 
examining the challenges and solutions for controlling the barriers to COVID-19 VSC (Ivanov, Dolgui, 2021). 
As a result, this research uses a multi-criteria decision-making process to develop and analyse a complete 
framework of barriers and over-coming strategies for COVID-19 VSC, which is presented in Table 3. 

Table 3. COVID-19 VSCBs Overcoming Strategies 

Strategies Description 

Economic and incen-
tives-based strategy 

(ST1) 

Foreign societies often project an unfavourable image of the country (negative 
advertising, political and economic sanctions). Improving the environment for 

foreign investment and assisting the local private sector in developing the 
country’s VSC infrastructure. 

Sustainable profi-
ciencies and skill de-
velopment strategy 

(ST2) 

This strategy intends to create an atmosphere that encourages workers and 
doctors to build green and sustainable capabilities, such as skills and know-
how, to develop sustainable technologies and ideas to reduce environmental 

damage. 

Long-term strategic 
planning (ST3) 

Long-term evaluations that aid in determining overall strategy orientations for 
supply chain management are addressed in strategic planning. Great choices 

are part of strategic planning. 
Research and devel-

opment strategy 
(ST4) 

This plan intends to help vaccine producers create and strengthen research fa-
cilities to develop and improve service. 

Collaboration, coop-
eration, and coordi-

nation among organi-
sations (ST5) 

To meet the demands of the COVID-19 vaccination chain, collaboration, coop-
eration, and integration among players are required. 

Marketing and pro-
motion strategy (ST6) 

Prioritising investment attraction among other policies for attracting foreign re-
sources, identifying barriers and points of incentive policies to attract medical 
and health funders, identifying domestic capabilities in the vaccine field, build-

ing trust in quality services in the country, and directing the need to domestic 
resources. 

Networking strategy 
(ST7) 

This approach aims to develop collaborative skills and competencies inside 
and external organisations and institutions. Collaboration might take the form 
of equipment technology sharing, collaborative employee and physician train-

ing. 

Source: created by the authors. 
 

1.4 Research Highlights 

Various obstacles impede the system development of COVID-19 VSC’s. Healthcare workers operating in 
COVID-19 VSCs must address the identified system barriers. The present literature review failed to 
uncover any non-studies about barriers in the COVID-19 vaccine business domain. Research has not been 
performed to determine which COVID-19 VSC barriers are most relevant. Available research does not 
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provide methods for addressing these obstacles (Bhattacharya et al., 2024; Mehra et al., 2024). This 
research begins by identifying obstacles facing COVID-19 VSCs in a designated setting before presenting 
a strategy collection for handling those obstacles. It also assesses barrier priority levels as well as 
strategies for their overcome. According to the literature, no research does not use BWM and WASPAS 
(Zavadskas et al., 2012) for VSCBs problem analysis, and based on the following reasons the integrated 
methodology was selected: 

• Relatively new MCDM methods, such as the BWM, can cope with barriers. BWM uses 
subjective data that characterises humans’ judgments and behaviours during the choosing 
process. Being different from AHP, the BWM method allows a consistent pairwise comparison 
of evaluation criteria to be made (Corrente et al., 2024; Ecer et al., 2024; Gao et al., 2024; 
Shahrabi-Farahani et al., 2024).  

• WASPAS can work with linguistic variables. Should there be some conflicting criteria in 
the decision problem, this method can be very useful. Thus, the proposed integrated 
methodology can be closer to the actual decision-making problems, such as VSCBs 
assessment (Arslan, Cebi, 2024; Chakraborty et al., 2025; Singh, 2024). 

2. Methodology 

The present research was carried out in three phases. The research team initially interviewed healthcare 
specialists alongside VSC experts who subsequently refined and contributed research-obtained barriers.  

Defining problem to be 
solved

Collecting data from DMs

Problem Solving Procedure

Result Analysis

Identify the Decision criteria

Review literature and other related sources

Design the problem as MCDM

Responses from DMS

Identify Best & Worst Criteria

Pairwise Comparisons between Best to Others

Pairwise Comparisons between Others to Worst 

Modeling and Solving Problems

Formulation of BWM Model based on Obtained Data

Calculate weights for each of DMs

Finding Optimal weights for 

each DMs separately

Strategies Ranking

Calculate strategies for Covid 19 VSCB overcoming 

using WASPAS method

Drawing Strategies

Connect most and least challenging strategies to each group

Reach  at conclusion to draw the plan of action

 

Source: created by the authors. 
 

Figure 1. Framework of Research for Evaluating COVID-19 VSCB 
 

A questionnaire which contained the identified barriers was provided to experts who then responded using 
linguistic rating scales during the second phase. BWM-WASPAS performs final stage data analysis. A 
pictorial illustration in Figure 1 shows the methodical development steps for this project. 
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2.1 Best-Worst Method 

When using the Best-Worst Method (BWM) as a comparison-based MCDM method, researchers compared 
the best criterion to every other criterion, and all other criteria was compared to the worst criterion. 
Through linear optimisation, the system developed a basic model for identifying the optimal ratio and 
weights based on the comparison system inputs (Rezaei, 2016). The BWM method found applications 
across different research domains, such as logistics performance optimisation (Gupta, Barua, 2018), 
sustainable oil supply chain management (Ahmadi et al., 2017), and medical tourism development (Gupta, 
Barua, 2016), along with the optimal search model, web service selection, and research and development 
investment opportunities (Rezaei et al., 2016). The processes of BWM to determine the criterion’s weight 
are described as follows (Mohammadi, Rezaei, 2019): 

Step 1: Decision-makers determine the set of decision criteria {𝑐1, 𝑐2, … , 𝑐𝑛}. 

Step 2: Decision on the best and worst criteria to utilise in the decision-making environment. In this stage, 
based on their preferences, the decision-makers choose the best and worst criteria from the criteria given 
in Step 1. The most significant criteria are represented by the best criterion, while the worst represents the 
least important criterion. 

Step 3: Determination of the preference of the best criterion over all the other criteria. This value is 
represented by a number between 1 and 9 (see Table 4). 𝐴𝐵 = (𝑎𝐵1 , 𝑎𝐵2, … , 𝑎𝐵𝑛) would be the resultant 
Best-to-Other’s vector, where a 𝐵𝑗  implies that criteria 𝐵 (the best criterion) is preferred above criterion 𝑗 
and 𝑎𝐵B = 1. 

Table 4. Linguistic Terms and Corresponding Value 

Linguistic terms Abbreviation Values 
Equally important EI 1 

Very weakly important VWI 2 
Weakly important WI 3 

Less important LI 4 
Fairly important PI 5 
Really important RI 6 
Very important VI 7 

Very highly important VVI 8 
Absolutely important AI 9 

Source: created by the authors. 
 

Step 4: Determination of the preference of each of the other criteria over the worst criterion. In this situation, 
a number between 1 and 9 is also selected, where  𝐴𝑊 = (𝑎1𝑊 , 𝑎2𝑊 , … , 𝑎𝑛𝑊)

𝑇  would be the Others-to-
Worst vector. Here, 𝑎𝑗𝑊 denotes the preference of the criterion 𝑗  over the worst criterion 𝑊 , and 
 𝑎𝑊𝑊  denotes the preference of the criterion 𝑗 over the worst criterion 𝑊. 

Determination of the best weights 𝑤1∗, 𝑤2∗, … , 𝑤𝑛∗. The best weights for the criterion will be determined by 
solving Equation (1). To determine the optimal weights of the criteria, the maximum absolute differences 
{|𝑤𝐵 − 𝑎𝐵𝑗𝑤𝑗|, |𝑤𝑗 − 𝑎𝑗𝑊𝑤𝑊|} are calculated. Referring to all 𝑗 = 1,2, … , 𝑛, it should be minimised: 

min  max𝑗 {|
𝑤𝐵
𝑤𝑗
− 𝑎𝐵𝑗| , |

𝑤𝑗

 𝑤𝑊
− 𝑎𝑗𝑤|}  (1) 
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subject to 

∑ 𝑤𝑗 = 1,    𝑗  𝑤𝑗 ≥ 0 for all 𝑗. 

The optimal weights (𝑤1∗, 𝑤2∗, … , 𝑤𝑛∗) and the optimal value of 𝜉∗ are found by solving this problem. The 
consistency ratio of the comparison system is defined as 𝜉∗ in the linear model. It indicates that the closer 
𝜉∗ is to 0, the more consistent the comparison system provided by the decision-makers. 

2.2 Weighted Aggregated Sum Product Assessment 

The complex evaluation of real-world scenarios using a high number of criteria becomes simpler with the 
implementation of effective multicriteria support systems. Different re-search teams have built multiple 
criteria decision-making (MCDM) systems using various factors as their foundation (Sahoo, Goswami, 
2023). The precision level of these samples represents an essential criterion for selecting appropriate 
multi-criteria decision systems. According to scientific reports, the combination of multiple models leads 
to enhanced pre-dictive capacity (Yang, 2025). The WSM (weighted sum model) and WPM (weighted 
product model) produce multi-attribute decision results which have established an out-standing level of 
precision. The study analysed the way compound samples aligned with truth. Research shows that hybrid 
samples maintain substantially higher accuracy levels when compared to independent samples preceding 
their combination. The weighted ag-gregated sum product assessment (WASPAS) sample represents a 
method of choice which exhibits efficiency in solving complex decision-making problems and creates 
accurate results (Zavadskas et al., 2012). 

Table 5. Evaluation Scale 

Linguistic variable Value 

Extremely unimportant  0.1 
Not very important  0.3 

Not important  0.5 

Fair  0.7 

Important  0.9 

Very important  1 

Source: created by the authors. 
 

One of the most well-known decision-making approaches for multicriteria issues is the weighted sum 
model. Here, 𝑚 choices (alternatives) and 𝑛 decision criteria constitute a multicriteria issue. The relative 
relevance of the criteria is represented by 𝑤𝑗, and the performance value of option 𝑖 in terms of criterion 𝑗 
is represented by 𝑥𝑖𝑗. A decision matrix is created using expert views, as shown in Table 5: 

𝑋̂𝑖𝑗 = [

𝑥̂11 
𝑥̂21  … 
𝑥̂𝑚1 

    

𝑥̂12 
𝑥̂22  … 
𝑥̂𝑚2 

    

 … 
 …  … 
 … 
    

𝑥̂1𝑛 
𝑥̂2𝑛  … 
𝑥̂𝑚𝑛 

]. (2) 

In Equation (3), the relative relevance of option 𝑖 is represented by 𝑄𝑖
(1), where 𝑥̅𝑖𝑗  is the normalised value 

of the jth criterion of alternative i: 

𝑄𝑖
(1)
= ∑ 𝑥̅𝑖𝑗 × 𝑤𝑗

𝑛
𝑗=1 .  (3) 
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The relative significance of option I is provided as Qi
(2) in the weighted product model, which is shown in 

Equation (4): 

𝑄𝑖
(2)
= max∏(𝑥̅𝑖𝑗)

𝑤𝑗 .

𝑛

𝑗=1

 (4) 

As shown in Equation (5), a mix of criteria was used to evaluate the ultimate relevance of each option, with 
an equal amount of WSM and WPM used for the final assessment of alternatives: 

𝑄𝑖 = 0.5𝑄𝑖
(1)
+ 0.5𝑄𝑖

(2)
, 

𝑄𝑖 = 𝜆∑ 𝑥̅𝑖𝑗𝑤𝑖 + (1 − 𝜆)∏ (𝑥̅𝑖𝑗)
𝑤𝑗  ,    𝑛

𝑗=1
𝑛
𝑗=1 𝜆 = 0,… , 1.   

(5)  

In this study, the parameter λ is considered a continuous variable within the interval [0, 1], i.e., λ ∈ [0,1]. 
The interval was not discretised. Instead, as shown in Equation (6), the optimal value of λ was determined 
based on the variance contributions of the additive (WSM) and multiplicative (WPM) components. This 
variance-based formulation enables a balanced aggregation of both models, enhancing the robustness 
and accuracy of the final decision scores in the WASPAS method. By extending the following equation, the 
optimum values of λ may be calculated: 

𝜆 =
𝛿2(𝑄𝑖

(2)
)

𝛿2(𝑄𝑖
(1)
)+𝛿2(Qi

(2)
)
, (6) 

where 𝛿2(𝑄𝑖
(1)) and 𝛿2(𝑄𝑖

(2)
) must be calculated from Equations (7) and (8): 

𝛿2(𝑄𝑖
(1)) = ∑ 𝑥̅𝑖𝑗𝑤𝑗

2𝛿2(𝑥̅𝑖𝑗)
𝑛
𝑗=1 , (7) 

𝛿2(𝑄𝑖
(2)) =∑[

∏ (𝑥̅𝑖𝑗)
𝑤𝑗 ∗ 𝑤𝑖𝑗

𝑛
𝑗=1

(𝑥̅𝑖𝑗)
𝑤𝑗(𝑥̅𝑖𝑗)

(1−𝑤𝑗)

𝑛

𝑗=1

]2 𝛿2(𝑥̅𝑖𝑗). (8) 

The estimation of the variance of the primary normalised values of the criteria can also be calculated by 
the Equation (9): 

𝛿2(𝑥̅𝑖𝑗) = (0.05𝑥̅𝑖𝑗)
2

. (9) 

The suggested framework may be used to help stakeholders recognise the relative relevance of COVID-19 
VSC barriers and prioritise several possible solutions for overcoming VSCBs, promoting effective and 
efficient COVID-19 vaccine chain processes, and improving COVID-19 VSC actions and procedures. The 
WASPAS is used to rank the solutions to control COVID-19 VSC barriers, while the BWM is used to 
determine the weights of COVID-19 VSC barriers and assess their relative relevance. Founded on a 
literature analysis and expert brainstorming sessions, this research presents 21 COVID-19 VSC hurdles 
and seven solutions to overcome them (see Table 3). The structural conclusion order for this research has 
three levels, which indicate the ranking of options to control COVID-19 VSC hurdles. At the beginning level, 
COVID-19 VSC barriers obstruct effective COVID-19 VSC execution at the middle level and solutions to 
control COVID-19 VSC barriers at the final level. 
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3. Results 

3.1 BWM Results 

The suggested best-worst technique is used to build a framework to assess the COVID-19 vaccine supply 
chain obstacles criteria in this section. It contains the steps of determining linguistic phrases, identifying 
obstacles for assessing the COVID-19 vaccine supply chain, determining necessary weights for 
assessment barriers, calculating and ranking the barriers. The estimation barriers are divided into four 
dimensions and 21 sub-barriers. The weights of five key obstacles will be computed first (for example, 
calculations related to three experts are given). Table 6 and Table 7 show the Best-to-Others and Worst-
to-Others vectors from three assessors. 

Table 6. Different Assessors’ Choices for the Best Criteria Over All the Significant Barriers 

  𝑻 𝑺𝑨 𝑶𝑶𝑺 𝑴 
𝑒1 𝐵𝑒𝑠𝑡 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛: 1 5 8 4 
𝑤1
𝑒 = 0.32 𝑻 

𝑒2 𝐵𝑒𝑠𝑡 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛: 4 8 6 1 
𝑤2
𝑒 = 0.34 𝑴 

𝑒3 𝐵𝑒𝑠𝑡 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛: 1 5 8 3 
𝑤3
𝑒 = 0.34 𝑻 

Source: created by the authors. 
 

Table 7. Different Assessors’ Choices for the Worst Criteria Overall Key Barriers 

  𝑾𝒐𝒓𝒔𝒕 𝒄𝒓𝒊𝒕𝒆𝒓𝒊𝒐𝒏: 𝑶𝑶𝑺 
𝑒1 

𝑤1
𝑒 = 0.32 

𝑻 8 
𝑺𝑨 4 
𝑶𝑶𝑺 1 
𝑴 5 

  𝑊𝑜𝑟𝑠𝑡 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛: 𝑺𝑨 
𝑒2 

𝑤2
𝑒 = 0.34 

𝑻 6 
𝑺𝑨 1 
𝑶𝑶𝑺 3 
𝑴 8 

  𝑊𝑜𝑟𝑠𝑡 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛: 𝑶𝑶𝑺 
𝑒3 

𝑤3
𝑒 = 0.34 

𝑻 8 
𝑺𝑨 4 
𝑶𝑶𝑺 1 
𝑴 6 

Source: created by the authors. 
 

min 𝜉 

subject to 
(10) 
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{
 
 
 
 
 

 
 
 
 
 

  

|
𝐵1
𝐵2
− 5| ≤ 𝜉 , |

𝐵1
𝐵3
− 8| ≤ 𝜉 , |

𝐵1
𝐵4
− 4| ≤ 𝜉,

|
𝐵1
𝐵5
− 7| ≤ 𝜉  , |

𝐵2
𝐵3
− 4| ≤ 𝜉  , |

𝐵4
𝐵3
− 3| ≤ 𝜉,

|
𝐵5
𝐵3
− 3| ≤ 𝜉 ,

∑𝑤𝑗 = 1

6

𝑗=1

,

𝑤𝑗 ≥ 0, 𝑗 = 1, 2, … , 6.

 

Solving the model (8) as 𝑤𝑒1
1∗ = 0.410, 𝑤𝑒1

2∗ = 0.082,  𝑤𝑒1
3∗ = 0.089, 𝑤𝑒1

4∗ = 0.308,this yields the ideal weights 
of the five main barriers according to evaluator one view. Similarly, the weights of the four main barriers 
were estimated according to all evaluators. Then the average of the acquired weights was computed to get 
the final ideal weights of the four major barriers. As illustrated in the centre of Table 8, the preferences of 
sub-barriers for major criteria may be created, and the corresponding local weights of sub-barriers for each 
major criterion can be derived. The global weights of all 21 sub-barriers may be determined; their rankings 
are shown on the right side of Table 8. As a result, the consistency ratio may be estimated as 0.054, which 
is near zero, indicating excellent consistency. 

Table 8. The Weights and Ranking of all the 15 VCSBs 

𝑪𝒓𝒊𝒕𝒆𝒓𝒊𝒂 𝑻 

𝒘𝟏
∗ = 𝟎. 𝟒𝟏𝟎 

𝑺𝑨 
𝒘𝟐
∗ = 𝟎. 𝟏𝟎𝟐 

𝑶𝑶𝑺 
𝒘𝟑
∗ = 𝟎. 𝟎𝟖𝟗 

𝑴 
𝒘𝟒
∗ = 𝟎. 𝟑𝟎𝟖 

𝑮𝒍𝒐𝒃𝒂𝒍 
𝑾𝒆𝒊𝒈𝒉𝒕 

𝑹𝒂𝒏𝒌𝒊𝒏𝒈 

𝑆𝑢𝑏 − 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎       
𝑇1 0.466    0.192 2 
𝑇2 0.288    0.119 4 
𝑇3 0.137    0.056 6 
𝑇4 0.108    0.028 11 
𝑆𝐴1  0.122   0.012 14 
𝑆𝐴2  0.352   0.038 7 

𝑆𝐴3  0.282   0.030 10 
𝑆𝐴4  0.165   0.016 13 
𝑆𝐴5  0.072   0.003 20 
𝑂𝑂𝑆1   0. 094  0.008 16 
𝑂𝑂𝑆2   0. 112  0.010 15 
𝑂𝑂𝑆3   0.624  0.058 5 
𝑂𝑂𝑆4   0.082  0.007 17 
𝑂𝑂𝑆5   0.049  0.004 19 
𝑂𝑂𝑆6   0.057  0.006 18 
𝑀1    0. 99 0.032 9 
𝑀2    0. 101 0.035 8 
𝑀3    0.411 0.132 1 
𝑀4    0.391 0.121 3 
𝑀5    0.092 0.023 12 

Source: created by the authors. 
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Source: created by the authors. 
 

Figure 2. Local Weight and Local Ranking of VSCBs 
 

After obtaining local weights for barriers and sub-barriers based on each expert’s opinion, final local 
weights and local ranks are calculated by averaging the weights (as graphically shown in Figure 2). Also, 
the graphical representation of VSC barriers BWM global weight (GW) and global ranking (GR) is shown in 
Figure 3. 

 
Source: created by the authors. 
 

Figure 3. Global Weight (GW) and Global Ranking (GR) of VSCBs 
 

In Figure 3, the ranking of the 15 barriers, with 𝑀3 : difficulties in monitoring and controlling vaccine 
temperature, 𝑇1: maintaining cold chain logistics, and 𝑀3: costs and suboptimal immunisation budgets 
top three, are presented. 
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3.2 WASPAS Results 

Following the derivation of the COVID-19 VSCBs’ weights from the BWM, the WSPAS is utilised to rank the 
strategies that pass the COVID-19 VSCB, yielding a total of seven strategies to overcome the COVID-19 
VSCB. They are labeled 𝑆1, 𝑆2, . . . , 𝑆7, and WSPAS will be used to assess them. The expert panel assigned a 
score to each option using the grading scale presented in Table 5 and developed a WASPAS decision matrix 
in Table 9. Then Eq. (3) is used to produce the WASPAS decision matrix’s normalised values (see Table 10).  

The terms 𝑋𝑖𝑗  establish a WASPAS normalised weight decision matrix for summation; they are constructed 
using Eq. (4) (see Table 11). Multi-kernel weighted decision matrix WASPAS based on terms 𝑋𝑖𝑗  is 
computed using Eq. (5). Table 12 presents 10 of them. The defuzzification of the dimming efficiency 
measure was done using the center technique and Eq. (5). Lastly, the weighted collection of totalities and 
multipliers is calculated using Eq. (6). 

Based on their 𝑄𝑖  value, VSCB were ranked. The WSPAS findings are shown in Table 13. In addition, the Eq. 
(3) yields the nearest fuzzy weight (𝑤̂𝑗) of the COVID-19 VSCBs. In addition, the WASPAS method uses the 
BWM technique to rank ways to control COVID-19 VSCB; the results are shown in Table 13. This table 
compares the ratings of techniques to overcome COVID-19 VSCB by calculating the relative weight, (𝑤̂𝑗), 
and the relative weight, indexed by 𝑗, of every COVID-19 VSCB. 

 
Table 9. WASPAS Decision Matrix 

 
Source: created by the authors. 
 

Table 10. WASPAS Normalised Decision-Making Matrix 

 
Source: created by the authors. 
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Table 11. WSM Matrix 

 
Source: created by the authors. 
 

Table 12. WPM Matrix 

 
Source: created by the authors. 
 

Table 13. WPM Matrix 

 
Source: created by the authors. 
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Source: created by the authors. 
 

Figure 4. Final Ranking Results of BWM-WASPAS 
 

4. Discussion 

4.1 Discussion on the Barriers Prioritisation Results 

Data from Table 8 indicates that difficulties in monitoring and controlling vaccine temperature (M3) emerge 
as the primary challenge, according to the survey results. Specialist evaluations indicate that “Difficulties 
in monitoring and controlling vaccine temperature (M3)” produce the highest influence on “Inadequate 
planning and scheduling (OOS2)”, “Unavailability of volunteers for vaccine trials (SA5)”, “Increase in 
acquisition lead time (OOS4)”, and “Improper coordination with local administration (SA3)”. This direct 
issue affects two other barriers, including “Supply chain issues (OOS1)” and “Inadequate storage systems 
(M2)”. While the Vaccine Supply Chain (VSC) literature does not identify a specific vaccine monitoring 
authority, studies emphasise the importance of robust temperature monitoring systems. For instance, 
research by Kartoğlu et al. (2010) highlights the significance of improving temperature monitoring in the 
vaccine cold chain at peripheral levels. Furthermore, Chojnacky et al. (2011) discuss methods for accurate 
cold-chain temperature monitoring using digital data-logger thermometers. These studies underscore the 
critical role of effective temperature monitoring in maintaining vaccine efficacy and ensuring the integrity 
of the supply chain. 

The second identified barrier is “Maintaining cold chain logistics (T1)”. It has a significant impact on the 
“Deficiency of Optimum number of cold chain vehicles (M1)”, an indirect impact on “Cost (OOS2)” and 
“Limited vaccine production organisation (OOS5)”, according to the experts. This discovery states that all 
authorised COVID-19 vaccines must be kept in cold conditions throughout manufacture, shipping, and 
distribution to healthcare institutions. Similarly, Chen et al. (2015) claim that effective immunisation 
programmes require the development of adequate storage facilities (e.g., refrigerators, freezers, and cold 
rooms) as well as trucks with temperature monitoring systems. Burgos et al. (2021) further emphasise the 
need to monitor vaccine temperature throughout the VSC. As a result, future research in the VSC should 
focus on transportation and cold chain issues (Dai et al., 2021). 

Third in order of significance stands “Costs and Suboptimal immunisation budgets (M4)”. The published 
VSC literature continues to validate the critical importance of this barrier. The “Production failure at an 
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early stage (T2)” is the fourth-highest barrier. “Costs and Suboptimal immunisation budgets (M4)”, 
“Increase in acquisition lead time (OOS4)”, and “Production capacity (T4)” are some of the obstacles. 
According to literature, there are only six vaccine production firms with a total capacity of around 10 billion 
doses: “AstraZeneca”, “Novavax”, “Johnson & Johnson”, “Moderna”, “Pfizer”, and “BioNTech”. This 
barrier is especially significant since Kim et al. (2021) estimate that 10–11 billion vaccination doses are 
needed to block viral transmission effectively. Based on the report by Bozorgmehr et al. (2021), Pfizer-
BioNTech, Moderna, and AstraZeneca are already experiencing production delays. The results of this study 
explain these manufacturing delays, since it was discovered that a “Production failure at an early stage 
(T2)” influences the “Production capacity (T4)”. 

Finally, “inadequate planning and scheduling (OOS3)” is the COVID-19 VSC’s next major roadblock. Based 
on the report of the specialists, this barrier has a significant impact on “Improper coordination with local 
administration (SA3)”, “Complexity in SC regulatory life cycle management (OOS6)”, and “Unavailability 
of volunteers for vaccine trials (SA5)”. Governments often purchase pandemic vaccinations and distribute 
them to local healthcare providers to vaccinate the country’s whole population. Expert interviews revealed 
that teamwork between the local and state levels is critical for a successful immunisation programme. For 
example, Henao-Restrepo et al. (2015) claim that proper coordination of local and state institutions for the 
Ebola outbreak resulted in a speedier vaccination procedure. The communication between the municipal 
and state administrations, on the other hand, has been inconsistent in several instances. For example, 
based on the article by Freed (2021), it is unclear if and how people would be told about the vaccine’s 
second dosage. Furthermore, Lee and Haidari (2017) show that vaccine shortages and predictability of 
vaccination demand might become difficult without sufficient coordination between the state and local 
levels, obstructing efficient and timely vaccine delivery. As a result, future studies might look at measures 
to guarantee VSC’s efficacy and efficiency by establishing suitable coordination between local and state-
level institutions (Shamsi, Torabi, 2018). The issues revealed in this study are important, as seen in the 
preceding paragraphs. As a result, these issues require the greatest attention from academics worldwide 
to detect and recommend effective solutions to these problems as quickly as feasible. 

4.2 Discussion on the VCSBs Overcoming Strategies Ranking Results 

The disparity in the overall score weight of every procedure with barriers suggests that one technique is not 
adequate to control these barriers, as shown by the examination of ways to beat obstacles to COVID-19 
VSC (second phase of the investigation) (see Table 11). The following is a ranking of techniques to control 
COVID-19 VSCB based on the fuzzy WASPAS results: 𝑆5 > 𝑆4 > 𝑆7 > 𝑆2 > 𝑆3 > 𝑆6 >  𝑆1. The results are 
also illustrated in Figure 3. WSPAS findings reveal that collaboration, cooperation, and coordination across 
organisations (ST5) are best (first) for dealing with them. ST4 (Research and Development) is placed 
second to control COVID-19 VSCB. The third-highest technique to overcome the barriers is the networking 
process (ST7). The fourth highest ranked option for overcoming hurdles is the Sustainable Proficiencies 
and Skill Development Strategy (ST2). 𝐵11, 𝐵13, 𝐵32, 𝐵42, 𝐵51, 𝐵52, and 𝐵53 are examples of impediments that 
may be addressed by collaboration, cooperation, and coordination across companies (ST5). 

4.3 Comparative Study 

This article discusses how to overcome vaccine supply chain disruptions during the global COVID-19 
pandemic, using a selected country as an example. Although the development of vaccines for COVID-19 
has undoubtedly been a significant challenge and a global problem, the focus of the medical and other 
scientific communities has led to positive results. However, it should be noted that specific barriers may 
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increase the difficulty to achieve universal/significant uptake of vaccines. The paper highlights a scientific 
problem that calls for the exploration of barriers in the COVID-19 vaccine supply chain and identification 
of strategies to overcome these barriers, focusing on real-time decision-making, component support, and 
changing and complex business conditions. This study uses the Weighted Aggregate Sum Product 
Assessment (WASPAS) method to rank the proposed strategies. Besides, to determine the weight of 
barriers the best-worst method was used for ranking the overcoming strategies. 

This paper identifies fifteen barriers and reveals that “Difficulties in monitoring and controlling vaccine 
temperature” (M3), “Maintaining cold chain logistics” (T1), and “Costs and Suboptimal immunization 
budgets” (M4), are the most challenging barriers. WASPAS findings reveal that “collaboration, cooperation, 
and coordination across organizations” is the best strategy for overcoming the barriers. “Research and 
development strategy” is placed second to control the COVID-19 VSC barriers. 

The proposed methodological approach in this study is novel and distinct from recent works in the field. 
Unlike previous studies that have primarily focused on qualitative analyses or single-criteria decision-
making methods, this research employs a hybrid MCDM framework, integrating WASPAS and BWM to 
provide a more comprehensive and robust evaluation of the COVID-19 vaccine supply chain barriers and 
mitigation strategies. This combined approach allows for a better understanding of the relative importance 
of barriers and the prioritisation of strategies to address them, offering valuable insights for policy-makers 
and supply chain managers. Additionally, the contextual application of the proposed framework to a 
selected country provides practical implications that can be adapted and applied to other regions facing 
similar challenges in the COVID-19 vaccine distribution network. The results suggest practical 
implications for government and health systems worldwide to improve VSC for the COVID-19 outbreak. 

4.4 Managerial Implications 

This research has significant consequences for managers and policymakers. Managers, politicians, and 
governments will determine which barriers may be given less attention to and which should receive more 
attention after they have a good grasp of COVID-19 VSC barriers. Failure to overcome the barriers 
mentioned might result in serious repercussions, some of which various nations have already experienced. 
Production delays and blood clot occurrences associated with the AstraZeneca vaccine, for example, have 
already disrupted vaccine distribution in the European Union (Wise, 2021). This is one of the immediate 
consequences of the study’s most major issue. 

Furthermore, an analysis of vaccination programmes across various countries reveals the critical role of 
coordinated efforts between governmental bodies and local organisations. Freed (2021) emphasises that 
the lack of proper collaboration with local stakeholders remains one of the most significant barriers to the 
success of vaccination initiatives. This finding aligns with the conclusions of the study, which underscore 
the importance of fostering effective partnerships at all levels of governance. Additionally, while 
“insufficient positive vaccine marketing” (B22) ranks as the ninth most significant obstacle, it holds 
substantial implications for vaccine acceptance. Inadequate communication efforts can contribute to 
vaccine hesitancy, which in turn may impede the achievement of herd im-munity and hinder the complete 
vaccination of the population (DROR et al., 2020). This suggests that effective management of the COVID-
19 vaccine supply chain (VSC) necessitates overcoming these challenges through targeted strategies, 
ensuring that each identified barrier is addressed to facilitate the global vaccination effort. 
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The suggested BWM-WASPAS methodology for identifying and analysing VSCBs and ranking alternatives 
may assist policymakers in developing flexible vaccine distribution methods while minimising negative 
impacts on sustainable development objectives. Governments from various nations might also examine 
the relationships between these barriers to implement their immunisation programmes properly. 
Overcoming the 15 COVID-19 VSC barriers identified in this research will help nations throughout the globe 
achieve herd im-munity and swiftly recover from the pandemic’s economic and social losses. Investment 
in vaccine manufacturing enterprises, for example, may defend against rising inequality as a result of 
vaccine nationalism and so promote sustainable development to minimise disparities within and between 
nations. Peace, justice, and strong institutions will be easier to achieve with such an investment. 
Overcoming the barriers would need the active participation of governments and vaccine producers in 
enhancing the vaccine supply chain, which may encourage collaboration. More vaccine production 
businesses will lower vaccination prices and make vaccines cheaper in poor nations, assisting in achieving 
the poverty reduction target. Cities and communities may be more sustainable if they invest in data 
technology for precise demand forecasts and monitoring of vaccinated populations. By mandating supply 
chain-wide cooperation of VSC members to put forth new creative solutions to protect the vaccinated 
population against any non-vaccinated population, such investment may also encourage industry, 
innovation, and infrastructure. 

Furthermore, by overcoming consumer aversion to vaccination and establishing positive vaccine 
marketing efforts, mass vaccination may be ensured, contributing to the general population’s excellent 
health and well-being. It may also help to improve education by encouraging students to return to schools. 
By addressing these impediments, we may come closer to achieve zero hunger by preventing the death of 
earning family members. As a result, it is critical to examine these restrictions thoroughly and comprehend 
their ramifications. This research aids in a better understanding of COVID-19 VSCBs, allowing for a 
speedier recovery from the pandemic. 

Conclusions 

The COVID-19 pandemic has had a devastating impact on the global economy, severely threatening 
humanity’s long-term survival. Vaccination has emerged as a crucial tool to mitigate the spread of the virus 
and save lives. Therefore, mass vaccination against COVID-19 is an urgent and essential strategy for 
pandemic recovery. However, the development, production, distribution, and administration of vaccines 
present significant challenges. The role of the Vaccine Supply Chain (VSC) is to ensure the timely and 
accurate delivery of vaccines to the right locations in the appropriate quantities. Governments must 
develop evidence-based policies to facilitate universal vaccination and ensure equitable access to 
COVID-19 vaccines. This paper aimed to examine and categorise the barriers faced by the COVID-19 VSC 
and identify strategies to overcome these challenges in the fight against the global pandemic. The 
identification of key VSC barriers is essential before vaccine distribution to the general public, as 
addressing these obstacles is critical to the design of efficient immunization programs. 

In this study, 15 COVID-19 VSC barriers (VSCBs) identified through literature review and expert opinions 
are presented, along with seven strategies to overcome these barriers. These strategies are ranked using 
the WASPAS method to assess their effectiveness in improving the overall COVID-19 VSC. The analysis 
was conducted in two stages. First, the weights of the identified VSCBs were calculated using the Best-
Worst Method (BWM), which provides an evaluation of the most significant barriers hindering the VSC 
process. The findings indicate that the most critical barriers in the COVID-19 VSC are the “lack of vaccine 
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monitoring bodies (B52)”, “challenges in monitoring and controlling vaccine temperature (B42)”, “vaccine 
cost and insufficient financial support for vaccine procurement (B11)”, and “limited number of vaccine 
manufacturing companies (B12)”. Second, the WASPAS method was employed to rank the strategies for 
overcoming these barriers. The results reveal that the primary strategies for effectively managing the 
COVID-19 VSC include fostering collaboration, cooperation, coordination, and integration among 
organisations (ST5), as well as developing a robust research and development plan (ST4). These strategies 
are pivotal in overcoming the VSC barriers and ensuring the successful vaccination of populations, 
ultimately supporting the economic progress of nations. 

However, this research has some limitations. Given the relatively small number of experts involved, future 
studies should incorporate a larger sample of stakeholders and decision-makers. In addition, further 
research could focus on validating the results of this study by examining its practical applicability, 
reliability, and sensitivity. Future studies might also explore additional challenges faced at different stages 
of the VSC, including vaccine growth, manufacturing, distribution, and management. Furthermore, the 
barriers identified in this study predominantly reflect the perspectives of experts from low- and middle-
income countries, which may limit the generalizability of the findings. Therefore, future research should 
include experts from high-income and developing countries to ensure a more comprehensive 
understanding of the VSC. Finally, for a more robust VSC model, future studies may consider incorporating 
hesitant fuzzy sets and interpretive structural modeling (ISM) methodologies to refine the decision-making 
process in complex scenarios. 
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HIBRIDINĖ MCDM SISTEMA, SKIRTA ĮVEIKTI KLIŪTIS COVID-19 VAKCINŲ TIEKIMO 

GRANDINĖJE 

Shahryar Ghorbani, Figen Yıldırım, Ali Altuğ Biçer, Edmundas Kazimieras Zavadskas, Jurgita 

Antuchevičienė, Reza Rostamzadeh 

Santrauka. COVID-19 pandemija sukėlė precedento neturinčių iššūkių visame pasaulyje, o vakcinų 

tiekimo grandinė yra itin svarbi siekiant sumažinti viruso plitimą. Šiame straipsnyje nagrinėjamos 

svarbiausios COVID-19 vakcinų tiekimo grandinės kliūtys, nustatomos šių kliūčių įveikimo strategijos ir 

siūlomas hibridinis daugiakriteris sprendimų priėmimo metodas (angl. multi-criteria decision-making, 

MCDM) šių strategijų prioritetui nustatyti. Naudojant geriausiojo ir blogiausiojo atvejų metodą (angl. 

Best – Worst Method, BWM) kliūčių svarbai nustatyti ir svertinio agreguoto sumos ir sandaugos 

įvertinimo metodą (angl. Weighted Aggregate Sum Product Assessment, WASPAS) strategijoms 

reitinguoti, šiame tyrime atskleidžiama, kad didžiausios kliūtys yra vakcinų temperatūros stebėjimo ir 

kontrolės, šaltosios grandinės logistikos priežiūros ir išlaidų bei neoptimalių imunizacijos biudžetų 

valdymo iššūkiai. Rezultatai atskleidė, kad veiksmingiausia šių kliūčių įveikimo strategija yra 

bendradarbiavimo ir koordinavimo tarp organizacijų skatinimas. Šis tyrimas suteikia praktinių įžvalgų 

politikos formuotojams, sveikatos priežiūros sistemoms ir vakcinų platintojams, kaip padidinti COVID-

19 vakcinų tiekimo grandinės efektyvumą ir atsparumą, prisidedant prie pasaulinių vakcinacijos 

pastangų. Tyrimo įžvalgos gali būti naudingos planuojant būsimą pandemijos atsaką ir siūlant 

strategijas, kaip sukurti tvaresnes ir prisitaikančias vakcinų tiekimo grandines. 

Reikšminiai žodžiai: COVID-19 vakcinų tiekimo grandinė; vakcinų platinimo iššūkiai; daugiakriteris 

sprendimų priėmimas (multi-criteria decision-making, MCDM); geriausiojo ir blogiausiojo atvejo 

metodas (Best – Worst Method, BWM); svertinio agreguoto sumos ir sandaugos įvertinimo metodas 

(Weighted Aggregate Sum Product Assessment, WASPAS); vakcinų logistikos optimizavimas; tiekimo 

grandinės atsparumas. 
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Appendix 1 
Table 2A. List of Barriers to COVID-19 VSC 

Code Barriers Descriptions References 

B1 

Vaccination costs and a 
lack of financial assis-
tance in purchasing vac-
cines. 

To effectively control the potentially harmful COVID-19 pandemic we 
need an affordable vaccine. Global vaccine programmes face finan-
cial obstacles since high production costs prevent adequate funding 
for vaccine purchase, facility operations and maintenance of vaccine 
storage systems. 

Expert panel 

B2 Limited vaccine produc-
tion organisation 

A significant number of vaccinations are required to inoculate the 
whole world’s population. A major problem is the small number of 
businesses that can effectively create effective vaccines, limiting im-
munisation efforts across the globe. 

Pagliusi et al. 
(2020) 

B3 
Unpredictability of 
global demand 

Four factors including per capita income and vaccine convictions 
and medical staff knowledge and regional urbanisation and vaccina-
tion missions can affect vaccine demand levels. The absence of fore-
sight into the factors noted above threatens to diminish the effective-
ness of COVID-19 vaccination strategies. 

Dizbay and 
Öztürkoğlu 

(2020) 

B4 
Unwillingness of con-
sumers to be vaccinated 

Consumers may reject vaccines due to concerns about vaccine ad-
verse effects, societal orthodoxy, disinformation, and vaccination-re-
lated negative views or skepticism. 

Khubchandani 
et al. (2021) 

B5 
Inadequate positive vac-
cine marketing 

Positive vaccination marketing is crucial for COVID-19 vaccine adop-
tion. An insufficient positive vaccine promotion may influence a neg-
ative public impression of COVID-19 vaccinations. 

Expert panel 

B6 
Unavailability of volun-
teers for vaccine trials 

Since stages II and III require human tests, a shortage of volunteers 
might severely hinder the growth of COVID-19 vaccines. 

Richards (2020) 

B7 
A long-distance sepa-
rate vaccine stores and 
vaccination sites. 

Long distances between vaccine supplies and vaccination sites 
might have a detrimental impact on vaccine distribution. 

Antal et al. 
(2021) 

B8 
Inadequate planning 
and scheduling 

Immunisation enrollment, vaccine purchasing, storage, and distribu-
tion may be affected by a lack of adequate planning and scheduling. 

Antal et al. 
(2021) 

B9 Increase in acquisition 
lead time 

Delays in purchase choices may lengthen the acquisition process 
and impede the vaccine’s timely dissemination. 

Expert panel 

B10 Inadequate storage sys-
tems 

Due to a lack of suitable storage methods in distant places, vaccine 
distribution may be delayed, reducing the efficiency of the COVID-19 
VSC. 

Rosen et al. 
(2021) 

B11 
Difficulties in monitoring 
and controlling vaccine 
temperature 

Temperature is a factor in several COVID-19 vaccinations. Inability to 
keep vaccines at the correct temperature when moving them from 
makers to customers may diminish VS’s effectiveness, particularly in 
tropical areas. 

Lin et al., (2020) 

B12 
Difficulty of tracking the 
vaccinated population 

The COVID-19 vaccine’s transparency and equitable distribution may 
be harmed by the difficulties of following the vaccinated population. 
Countries without a central population health registry will find it chal-
lenging to track and monitor the overall number of people who have 
been vaccinated. 

Hodgson et al. 
(2021) 

B13 
Ineffective coordination 
with local groups 

By establishing communication gaps, improper cooperation with lo-
cal healthcare groups may obstruct vaccines’ quick supply and dis-
tribution. Working with local groups to appropriately distribute the 
COVID-19 vaccination and timely reaction is common. 

Expert panel 

B14 
Lack of vaccination 
monitoring organisa-
tions 

In the VSC, a lack of vaccine monitoring bodies may obstruct vaccine 
purchasing, distribution, monitoring, and transparency. 

Expert panel 
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B15 
Weak communication 
amongst the VSC mem-
bers 

Global supply networks are experiencing substantial disruptions, 
and a lack of communication among supply chain partners might ob-
struct the appropriate manufacture and delivery of the COVID-19 
vaccine. 

Zhu et al., 
(2020) 

Source: created by the authors. 
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