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Abstract: This review aims to evaluate the existing literature on Vaccine Supply Chain Management
(VSCM). All relevant articles between 2002 and 2022 were systematically collected. The retrieved
articles were further analyzed using bibliometric data analysis techniques. The unit of analysis is
research papers published from 2002 to 2022. Vaccine Supply Chain Management (VSCM) literature
has gained prominence since early 2000 and has now become voluminous. A review is the first
endeavor to provide a unified body of literature. This study contributes to the existing research
through insights from the bibliometric analysis and critical measurement of the literature. The
results show 4288 papers on VSCM in the last 20 years. The top five countries contributing to VSCM
literature are the USA, France, China, the United Kingdom, and Switzerland. Supply chain, vaccine,
immunization, and Vaccine Supply Chain Management are the high-frequency keywords in the area
of VSCM. The research hotspots mainly focus on healthcare, drugs, and manufacturers. In light of
the COVID-19 era, this review paper indicates the area of VSCM is diversified. This study is useful
for policymakers and other stakeholders to understand the existing issues in VSCM. The research
trends and patterns from the literature review of VSCM will help in designing AAA (agile, adaptive,
and aligned) VSCM in the future from the viewpoint of public health. This study attempts to analyze
existing works, trends, developments, and potential research directions.

Keywords: bibliometric analysis; VOSviewer; biblioshiny; vaccine; vaccine supply chain management

1. Introduction

Vaccination is a medical intervention. The successful availability of the vaccine to the
needed community is only possible with an effective logistics and supply chain system.
In academic literature, the concept of Vaccine Supply Chain Management (VSCM) gained
attention during the period of late the 1990s and early 2000s. However, the relative
importance of vaccine logistic emergencies came back in the late 2010s when extreme
cases of viral and bacterial (Ebola, etc.) infections came into the picture. In the past
years, the research community in the logistics and supply chain management domain
has increasingly developed an interest in vaccination from a design, production, and
distribution perspective. The publication trends exhibit the growing focus on the logistical
aspect of the subject. The increasing complexity in firm strategies, supplier networks, and
regulatory dimensions have fostered a variety of trends that emphasize the emergence
of VSCM as an upcoming research domain. For two decades, the area of vaccination has
received serious attention from academic researchers. The term VSCM is defined as “the
network of the supply system to ensure the availability of vaccine at the right time”. The
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essentiality of having a strong Vaccine Supply Chain (VSC) system becomes a societal need,
especially when a disaster situation arises. An effective VSCM can help government and
non-government agencies to fight unusual situations such as COVID-19 the pandemic.

With the global outbreak raised by COVID-19, the scientific literature has witnessed
an abundance of multidisciplinary academic contributions such as clinical trials of vaccines,
quality, production, testing, and distribution, thus attracting the attention of the authors.
The current study uncovers many concerns related to global health emergencies and
the role of responsive VSCM. To ensure the availability of vaccine stock in the global
markets, pharmaceutical firms are engaging Supply Chain (SC) partners for procurement
contracts [1]. In particular, a sufficient supply of vaccines can enable the rapid establishment
of recovery mechanisms among a vulnerable section of society. There is a need to provide
vaccination inexpensively where the cost of access is high and there exists a lack of the
right information. This is only possible through robust collaborative VSC networks [2,3].
This paper has systematically reviewed the contemporary body of literature on Vaccine
Supply Chains. The area has garnered the attention of various researchers in the past [4,5].
Although in recent past much research has been carried out on various perspectives of
COVID-19 [6-15], it is further expected these research findings will contribute to other
supply chain issues and challenges faced by VSC actors amidst a COVID-19-like situation.

Thus, the relevance of this review is to give insights through a systematic review of
the relevant literature on VLSCM published in journals indexed in academic databases,
including Scopus and Web of Science. The methodology is adopted from highly cited
reviews in the Vaccine Supply Chain area [16]. The research review aims to address
(a) identification of significant past research contributions in the field of VLSCM from the
journals indexed in WoS and Scopus; (b) clustering of revenant articles on various criteria;
and (c) research plan for future studies, based on gaps in the existing body of literature.
Systematization of the existing literature becomes appropriate so that identified research
gaps can be addressed to further strengthen and contribute to the sustainable performance
of VSCM. Therefore, a review study is required to address the general questions related to
the design, development, and distribution of vaccines for outbreak situations. Moreover,
the study aims to provide valuable vaccine value-chain-related information to different
stakeholders (i.e., patients, health organizations, government, humanitarian organizations,
and society). A review article aims to showcase the research progress and development on
various aspects of a theme, subject, and a topic including the evolvement of the subject and
research gap, if any. Based on the above issue, the Research Questions (RQ) for the study
are as follows:

RQ1: What are the recent developments in VSCM? What are the key functions that
contribute significantly to the overall development of VSCM?

RQ2: Which research streams exist in VSCM? What are commonly used methods and
methodologies in the VSCM? How has the field developed over the years? What are the
influential concepts they came up in the last two decades?

RQ3: How have main themes of VSCM evolved?

RQ4: What are the potential avenues in the research area of VSCM?

Out of various literature review techniques, the current study has chosen to use biblio-
metric analysis. A variety of tools for bibliometric analysis in this study include Cytoscape,
VOSviewer, Tableau, and CitNetExplore for a comprehensive search of advanced articles in
the existing literature. The bibliometric analysis approach aims to provide more objective
and comprehensive results about VSCM as compared with the traditional review approach
used in earlier studies. The organization of the paper is: Section 2 elaborates a literature
review related to VSCM that aims to discuss various developments of documents published
and predominant methodologies to find answers to our research questions. In Section 3,
we demonstrate the discussion about the literature review. Towards the end of the paper,
Section 4 concludes the study with specified research limitations and incorporates further
research. The extended scholarly works inspired by this study aim to ultimately add value
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to the existing literature and pave the way for future researchers. The next section discusses
the entire literature and focuses on VSCM particularly.

2. Methods
2.1. Secondary Data Collection

A literature review aims to demonstrate the central themes of a subject area or a
topic. This research study has extracted two main databases from “Web of Science” and
‘Scopus’. The results of past and recent studies in the area of VSCM across the timeline
were analyzed. In the past, researchers have successfully used bibliometric analyses in the
area of SCM [17-19]. Based on the research directive for research review by [20], a research
protocol presentation is shown in Table 1.

Table 1. Research Protocol.

Particulars Description
Academic Database: Scopus, Web of Science (WoS)
Publication types Research papers
Language: English
Timeline: 2002-2022
Search Fields Title, abstracts, and keywords
(“Vaccine Supply Chain Management”’) OR (“Vaccine design’) OR (‘Vaccine allocation”) OR
Searching string (“Vaccine Distribution”) OR (“Vaccine Logistics”) AND
(LIMIT-TO (PUBYEAR, 2022 AND 2022)
Inclusion criteria Pandemic situation and vaccination
Extraction tools R-tool software, bibliometrix, and other qualitative softwares including Tableau, VOSviewer
Analysis tools Qualitative softwares including MAXQDA, Tableau, and VOSviewer

In our study, the first step broadly includes determining the relevant articles on
‘Vaccine Supply Chain Management’ identified from Web of Science (WoS) and Scopus.
The period for data collection was December 2021 till January 2022. The search contained a
combination of keywords including ‘vaccine supply chain management, ‘vaccine design’,
vaccine allocation’, ‘vaccine distribution’, and ‘vaccine logistics’. The initial search was
inclusive of various sources, including conference proceedings, authored and edited books,
and trade magazines and periodicals published in the English language in a period of
20 years (2002-2022). The initial research results into 4288 documents that in turn were
classified based on four sets of keywords, as exhibited in Table 1, between a period of 20
years (2002-2022). Table 2 exhibits the initial research results.

Table 2. Research search results.

Search Strings Total Articles

“Vaccine Supply Chain Management” OR “Vaccine design” OR
“Vaccine allocation” OR “Vaccine Distribution” OR 4793
“Vaccine Logistics’
Documents excluding conference papers, books, book chapters,
trade journals, etc.
Omitting Non-English language papers

4372
4288

The number of articles excluding conference papers, books, book chapters, trade
journals, etc., is demonstrated in Table 2. The Scopus- and WoS-enabled files in Bibtex
format are imported to Mendeley bibliometric manager. Consequently, our final database
comprised 4288 articles. The search outcomes are depicted in Table 3.
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Table 3. Initial results with reference to COVID-19 search.

Search Keywords Total Articles

“Vaccine Supply Chain Management” OR “Vaccine design” OR
‘Vaccine allocation” OR ‘Vaccine Distribution” OR

‘Vaccine Logistics” AND COVID-19’ 4288

2.2. Research Methods

The current study includes five major steps in the bibliometric analysis: research,
design, data collection and its analysis, and data interpretation using visualization tools.
The pictorial representation of the data is exhibited in Figure 1. Currently, programing
languages such as R have tools that measure information of documents such as CITAN (for
cleaning data from the Scopus database). However, it lacks functions for co-word analysis,
co-citation analyses, etc. This software performs a complete set of literature information
analyses and visualizations of results. The other software, biblioshiny, is based on the
R language and is also used in the current paper. The operating mode of bibliometrix
differentiates between both packages. Bibliometrix include code commands, whereas
biblioshiny encapsulates bibliometrics and develops a framework based on online data
analysis. This review article deals with analyzing bibliometric coupling, co-citation, word
co-occurrence, and countries’ citations.

Data Loading (from Web of Science and Scopus)

\ 4
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Data
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§
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Normalization
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Figure 1. Research design.
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This paper used both the bibliometrix and the biblioshiny software packages to analyze
data and visualize research trends in VSCM. This review paper elaborates on VSCM from
the aspects of yearly documents published, research strength, research hotspots, and
themes. Multiple perspectives on VSCM were undertaken to analyze the current situation
and explore future research directions [21-24].

3. Results
3.1. Annual Document Distribution

The annual documents reflect the whole picture and research trends. They also show
the overall trend attributes through the development stages. In the last 20 years, despite a
few fluctuations, the overall trend in the area of VSCM has continued to increase. The graph
is shown in Figure 2. A VSC is a complex system of steps, processes, equipment, vehicles,
and locations engaged in vaccine management from source to delivery. In the initial years,
there was less focus on VSCM, and it received less attention. Thus, from the year 2000-2008,
there was a very small number of publications. Several SC issues restricted the delivery
of vaccines to the people who needed them. The challenges were faced in developed and
developing countries. In the year 2009, the HIN1 influenza pandemic exposed several
limitations in VSCM in the United States. The studies have shown that the demand and
supply of vaccines were poorly managed during the HIN1 influenza pandemic. A number
of studies took place in 2009 after the exposure of SC issues in 2009, such as the HIN1
influenza pandemic. The Director General of the WHO declared the world to be under
the HIN1 pandemic in 2009. With the continuous effort from the government, and the
pharmaceutical SCs and scientists” hard work, the WHO announced an end to the HIN1
pandemic. The years from 2010-2013 saw a stable trend in VSCM. This span of three years
was more focused on developing a robust and effective plan for immunizations.
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Figure 2. Published documents on VSCM from 2002-2022.

In the year 2014, the WHO Director General declared the international spread of
wild poliovirus a public health emergency. Thus, the graph shows more studies in the
year 2014. During the 2015-2017 period, there was a slight decrease in the publication of
documents on VSCM. The highest growth rate in VSCM was seen in the years 2018-2020.
In January 2020, public health emergencies were declared due to the spread of the novel
coronavirus. This area has attracted authors worldwide and has the highest number of
published documents on VSCM. The COVID-19 pandemic has highlighted the lack of
preparedness, integration, and resiliency in VSCs. Thus, recently, authors have explored
the weaknesses in VSCM across multiple fields from different perspectives. Moreover,
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Vaccine Supply Chain resilience is lessened, and thus more studies have been conducted for
scaling-up production and distribution in an emergency situation such as the COVID-19
pandemic. The comprehensive literature review based on sub-research areas, methodology,
techniques and keywords are depicted in Table 4.

Table 4. Comprehensive Literature review: Sub-research areas, methodology, techniques, and

keywords covered.

Sno Authors Sub-Research Areas Methodology Techniques Keyword Covered
Vaccine;
Chandra and Investigating the Systematic Immunization; Cold
1 Vipin [25] Vaccine Supply Chain:  Literature Review  Review Chain Vaccine Supply
P A Review (SLR) Chain Logjistics;
Healthcare
. Supply Chain Latent Semantic . Vigitalization; Safety;
2 Pujawan and Bah [26] Disruption Analysis (LSA) Content Analysis COVID-19 vaccine
3 Kis [27] Vaccine Quality Mathematical Qualitative Distribution Chain,
and Distribution modeling Analysis Vaccine Quality
4 Izikki et al. [28] Technology Literature review Review COld. Chain LOnghC.S;
Management Vaccine Transportation
. Healthcare Production . . . Healthcare, Disaster
5 Syahrir et al. [29] Distribution Literature review Review Supply Chain
Vaccine Storage Structured .. Cost Analysis;
6 Bulula et al. [30] and Distribution equation modeling Empirical Study Optimization
S Systematic L
7 Gianfredi et al. [31] Mass Vaccination Literature Review Review Mass Vaccination,
Centers COVID-19
(SLR)
Technology usage for N
8 Morea et al. [32] Vaccine Store Mult1—yar1ance Empirical Research Cold Storage .
Management analysis Technology; Vaccine
Vaccine Inventory Bibliometric . Vaccine Stock
9 Iwu et al. [33] M t lysi Review Management;
anagemen analysis Public Health
Disruption in Logistics .
10 Montoya- and Supply Chain due = Text mining and Review E(?YSI,E: -Slz r%arsliemll <
Torres et al. [34] to COVID-19 content analysis st PPy
Pandemic Chain Management
Potential Research aBrlzlllo;I;e;E; Supply Chain
11 Cordeiro et al. [35] Areas amidst Svs te},’ma tic Review Management and
COVID-19 Y , COVID-19
literature review
Potential Research Erl};lllosr?:;ﬁ; Supply Chain
12 Olutuase et al. [36] Areas amidst S st(—}zlmatic Review Management and
COVID-19 Y . COVID-19
literature review
13 Chandra and Vaccine Supply Multi-criteria Case Stud gglcils;c;n.Makmg;
Kumar [37] Chain Issues decision making y very;
Vaccine Coverage
Performance
14 Chandra and Indicators to Vaccine Multi-criteria Case Stud Vaccine Supply
Kumar [38] Supply Chain System  decision making y Chain System

in India
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Table 4. Cont.
Sno Authors Sub-Research Areas Methodology Techniques Keyword Covered
Supply Chain i . Hea}thcare Supply
. . Bibliometric . Chain;
15 Farooq et al. [39] Operations amidst . Review T
COVID-19 analysis Optimization; Drug
Delivery; COVID-19
Chandra and Vaccine Supply Chain  Structural equation L. Vacc1r.1e Supply Chain;
16 . Empirical Research ~ Sustainable
Kumar [40] Performance modeling
Development
Challenges to Structural equation Vaccine Supply Chain;
18 Alam et al. [41] COVID-19 Vaccine . q Empirical Research ~ Sustainable
. modeling
Supply Chain Development
19 Iwu et al. [42] Vaccine Stock Literature review Review COld. Chain LOngth.S;
Management Vaccine Transportation
. Pricing in Supply . . . Cold Chain Logistics;
20 Ziari et al. [43] Chain Management Literature review Review Vaccine Transportation
. . Healthcare Supply
Kartoglu and H. Ensur%ng Quahty anfl Multi-criteria . Chain;
21 Integrity of Vaccines .. . Expert Opinion L
Ames [44] Supnly Chains decision analysis Optimization;
PPy Drug Delivery
. Vaccine coverage;
» M. Haji, L. Kerbache, ;}lel;l;flgg?:gu ! Multi-criteria Expert Opinion Public Health;
and T. Al-Ansari [45] . PPy decision analysis P P Healthcare
Chain Management .
Supply Chain
23 Matthias et al. [46] Vaccine Cold Chain Blbhor.netrlc Review Hea?thcare .Su.p ply
analysis Chain; Optimization
Multi-criteria Decision Making;
24 Jacobson et al. [47] Vaccine Distribution . . Expert Opinion Vaccine
decision analysis .
Delivery
Risk Management in . . s
25 Bamakanetal [48] ~ COVID-19 Vaccine ~ iulferiteria g ot Opinion  Cold Chain Logistics;
. decision analysis Vaccine Transportation
Supply Chain
COVID-19 Vaccine Multi-criteria .. Chain Logjistics;
26 Forman etal. [49] Challenges decision analysis Expert Opinion Economic Evaluation
Bibliometric Vaccine Coverage;
27 Gianfredi et al. [50] Vaccine Procurement . Review Vaccine Procurement;
analysis D .
rug Delivery
28 Kaufmann et al. [51] Vacc1r.1e SuPply Chains Struct1.1ra1 equation Empirical Research Cold Ch.am LOngt.ICS;
and Financing modeling Economic Evaluation
Multi-criteria Health Systems;
29 Linnander et al. [52] Vaccine Supply Chains .. . Expert Opinion Inventory; Economic
decision analysis .
Evaluation
Health Systems;
. L Inventory; Cold Chain
30 Zaffran et al. [53] Xac?rtlie Slslp}?cl};?nd g/luini-cft(;n? ; Expert Opinion Logistics; Supply
ogistics Systems ecision analysis Chain Network
Design; Modeling
Vaccine Supply Chains Vaccine Distribution;
and Health Multi-criteria .. Computational
31 Yadav etal. [54] Commodity decision analysis Expert Opinion Modeling;
Supply Chains Cold Chains
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Table 4. Cont.
Sno Authors Sub-Research Areas Methodology Techniques Keyword Covered
. . . Vaccine Distribution;
32 Robertson et al. [55] Innqvatlons in Cold Mu?tl.-crltena . Expert Opinion Computational
Chain Management decision analysis . .
Modeling; Delivery
Decision Making;
Swanson and L. COVID-19 Supply Bibliometric . Delivery; Vaccine
33 . . . Review Coverage
Santamaria [56] Chain Research analysis
Healthcare Supply
Chain
Impacts of Epidemic Bibliometric ls\Ti:Ivazflgrgtll)aégi n;
34 COVID [57] Outbreaks on . Review . st
Supply Chains analysis Modeling; Vaccine
Distribution
Optimization Methods . e
35 Kim et al. [58] for Large-Scale Thematic analysis Review Cold Ch.a mn LOngt.l €87
. . Economic Evaluation
Vaccine Supply Chains
Kasonde and Human' Res.ource and Multi-criteria o Delivery; Human
36 Steele [59] Immunization Supply decision analvsis Expert Opinion Factor;
Chain Management y Vaccine Coverage
Management Of. , Systematic Decision Making;
. COVID-19 Vaccines 4 . . . .
37 Fahrni et al. [60] . . . Literature Review  Review Delivery; Vaccine
Cold Chain Logistics: (SLR) Coverase
A Scoping Review &
Blockchain Vaccine Dlstrlbutlon;
Applications in Suppl Bibliometric Blockchain
38 Kish et al. [61] PP’ il . Review Technology;
Chains, Transport and  analysis ;
Logistics Computational
& Modeling
Vaccine Distribution;
. Humanitarian Supply ~ Bibliometric . Computational
3 Seifert etal. [62] Chain Management analysis Review Modeling;
Cold Chains
. Transforming . . Cold Chain Logistics;
40 g;)]r?al[ggld J.-S. COVID-19 Vaccines g?ﬁatﬁz: review Conceptual Study Economic Evaluation;
& into Vaccination q Supply Chain
COVID-19 Pandemics Health Systems;
41 Klemes et al. [64] Stage II—Energy and Narr.atlve review Conceptual Study Inve:nt.ory; Cold Cham
Environmental techiques Logistics; Economic
Impacts of Vaccination Evaluation
Sudarmin and R. Vaccine Supply Chain ~ Narrative review Cold Ch.a m LOngt.l 5
42 . . . Conceptual Study ~ Economic Evaluation;
Ardi [65] Risk Management techiques . R
Vaccine Distribution
. . L Bibliometric . Logistics; Healthcare;
43 Vouking et al. [66] Vaccine Distribution analysis Review Clobal Health
Vaccine and Systematic Decision Making;
44 Muggy and J. L. H. Humanitarian Literature Review Review Delivery; Vaccine
Stamm [67] .
Operations (SLR) coverage
Natarajarathinam Man.agllng Supply Bibliometric . DeC.ISIOl‘l Makl.ng;
45 Chains in Times of . Review Delivery; Vaccine
et al. [68] .. analysis
Crisis Coverage
Supply Chain and s .
46 Bown et al. [69] Logistics for Event study Review Logistics; Healthcare;

COVID-19 Vaccines

Global Health
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Table 4. Cont.

Sno Authors Sub-Research Areas Methodology Techniques Keyword Covered
47 Demir et al. [70] Cold Chain Logistics Case study Qualitative Health Systems;
research Inventory
Lean-Agile-Green
(LAG) Practices for Multi-creteria Qualitative Decision Making;
8 Golan etal. [71] Sustainable Vaccine decision analysis research Delivery
Supply Chain
Vaccines in Vaccine Distribution;
49 Kochhar et al. [72] . . Thematic review Explorative Study =~ Computational
Developing Countries -
Modeling
50 Leach-Kemon Vaccine Resource Econometric Qualitative Logistics; Healthcare;
etal. [73] Tracking Systems modeling research Health Informatics
51 Shahriari and M. Plant-Based Narrative review Conceptual Stud Cold Chains;
Habibi-Pirkoohi [74] Recombinant Vaccine  techiques p y Operations Research
Sombultawee COVID-19 and Supply  Bibliometric . Dec.1s1on Makl.ng;
52 . . Review Delivery; Vaccine
etal. [75] Chain Management analysis
coverage
Immunization and . Health Systems;
53 Hyde et al. [76] Health Systems Panel data analysis  Event study Tnventory
54 Hill et al. [77] Improving Global Structural equation Empricial Study Logistics; Healthcare;

Vaccine Accessibility modeling Global Health

3.2. Cited Papers in Vaccine Supply Chain Management
3.2.1. Annual Citations Trends

In the years 2009, 2014, and 2020, average citations were at their peak. Figure 2 shows
that despite the overall growth in the area of VSCM, there exist few fluctuations in this
field. Although the average citations per item and growth rate have been maintained, the
citation trend has increased drastically since 2020 due to the COVID-19 pandemic, thus
indicating a positive direction for research opportunities in the area of VSCM. The years
2014-2018 show the highest amount of cited papers. The highest citation per item reached
5.0 in the year 2018. The research during these years shows the significance of integration,
collaborations, and issues in VSCM [76,77].

3.2.2. Historical Analysis of Cited Papers in Vaccine Supply Chain Management

The current review study used the Network and PLOT functions of the bibliometrix
software to create a historical direct citation network and visualization of it. LCS (local
citation score) and GCS (global citation score) indicators were used in the study. LCS is the
citations per paper and GCS indicates the number of citations in WoS and Scopus, but it is
not essential the cited papers belong to VSCM based on the scores of LCS and GCS.

3.3. Analysis of the Main Researcher

From the bibliometric analysis, the study shows a total of 19,897 authors. Based on
the number of authors, single-authored documents constitute 204, whle multi-authored
documents 17,693. The top 10 authors are Lee By [74], Brown ST [75], Norman BA [76],
Rajgopal ] and Connor DL [77], Haidri LA [78], Wateska AR [79], Chen S-1 [80], Welling
JS [81], and Assi T-M [82]. Figure 3 exhibits the author’s contribution over time in the
field of VSCM. In the figure, the circle size denotes the documents, and the color shadow
reflects the volume of citations. Lee By [64] is influential in the field of VSCM. Lee By has
documents published starting in 2011, with the highest average citations per item in the
year 2017. Figure 3 depicts the top 10 authors and their contributions over time in the field
of VSCM. The blue dot shows the density of contribution in terms of citations made, the
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darker once shows the prominence. In addition, red line shows the connecting timeline

of publication.
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Figure 3. Top 10 Authors and their contribution over the time in the field of VSCM.

With the help of the VOSviewer, a collaboration diagram of authors is created to show
the research collaboration among them. The networks and sub-networks are developed in
the research map. The academic pattern was formed by the author’s network exhibiting
close association, shown in Figure 4. In this paper, nine sub-networks are formed, repre-
sented in different colors. These sub-networks increase the complexity of the network. The
different nodes also form the sub-networks and may form a new network. Lee By [64] has
high clustering density, and the authors have great influence in the area of VSCM.
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Figure 4. Collaboration map of the authors.
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3.4. Major Research Countries/Regions

The contribution in documents exhibits the importance and influence of the country
in the area of VSCM. Several countries have published documents on VSCM during the
2000-2020 period. Figure 5 presents the top 20 countries” contributions in the area of
VSCM. Of the 20 countries, there are five countries from Asia (India, China, Iran, Thailand,
and Korea), four American countries (USA, Canada, Argentina, and Mexico), and six
European countries (France, UK, Switzerland, Netherlands, Greece, and Belgium), one
Oceania country (Australia), and four African countries (South Africa, Kenya, Benin, and
Nigeria). Figure 5 shows that the USA is the topmost country in contributions to VSCM,
followed by France, China, the UK, and Switzerland.
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Figure 5. Top 20 countries’ contribution to VSCM.

Figure 5 shows that the developed nations have more influence in publishing docu-
ments in the area of VSCM compared with developing countries. The color intensiveness
exhibits the prominent countries conducting research in VSCM. The most productive coun-
tries for publications have four clusters. In the first cluster (blue color), the most prominent
country in terms of publication is the United States, followed by France and Germany. In
Cluster 2, China stood out as the most productive, followed by South Africa, Australia,
and Singapore. Under Cluster 3, key countries include the United Kingdom, India, and
the Netherlands. Of the top countries, China is the only developing country and is far
away from the other developing nations. The number of citations and documents is high
in the United States. Figure 5 shows that there exists a cooperative relationship among
the countries.

From Figure 6, the countries’ intra and inter-collaboration may be explored based on
the MCP and SCP. MCP refers to the intercountry collaboration index and SCP refers to
intra-country collaboration. It is clear from Figure 6 that the USA has the highest MCP
and SCP, which indicates the highest influence over inter- and intra-country collaboration.
France, Switzerland, the United Kingdom, and Canada have a higher percentage of MCP
as compared with SCP. In contrast, China, India, Iran, and South Africa have a higher
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percentage of SCP. Furthermore, few countries, such as Nigeria, Korea, Mexico, Argentina,
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Figure 6. Corresponding author’s country affiliation; (MCP = inter-country collaboration index;
SCP = intra-country collaboration).

3.5. Keywords Analysis
3.5.1. High-Frequency Keywords

The biblioshiny software is used for data analysis of the highly occurring keywords of
the research documents. A word frequency of 10 or more is selected to draw the word tree
map, shown in Figure 7.

Figure 7 shows that the most frequent keywords in the area of VSCM are supply chain,
vaccines, immunization, supply chain management, Vaccine Supply Chain, cold chain,
vaccine, logistics, vaccination, and healthcare. It is visible that VSCM is studied extensively
in the supply chain and healthcare area. Due to the continuous attack of viruses, VSC
is quite a frequently used term. The past pandemic situations have shown that SC has
always been the most affected area and needs to be strengthened by governments and other
regulatory bodies.

3.5.2. Cluster Analysis and MCA of Frequently Occurring Words

A cluster analysis is evaluated based on the simultaneous occurrence of more than
two keywords. This review paper used the hierarchical clustering method. The large
data are compressed with multiple variables into a low-dimensional space to form a two-
dimensional or three-dimensional graph that uses a plane distance to reflect the similarity
between the keywords. Keywords towards the center point are an indication of receiving
high attention in recent years. The nearer to the edge, the narrower the study theme or the
transition to the other themes. Figures 8 and 9 show the three major clusters in the area
of VSCM.
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Clusters in Figure 8 can be further explained as following:

The first cluster in the analysis is engaged in healthcare. The healthcare sector is
the main cluster for managing vaccines. This industry is growing at a brisk pace
due to its coverage, services, and increasing expenditure by public and private play-
ers. The healthcare sector is diversifying and, with global competition, healthcare
organizations are exploring new care models to stay ahead. The healthcare sector is
putting its best efforts toward providing quality services to society [83]. The health
industry is in a transition phase and adapting dynamic business models to change the
landscape of healthcare. Technological advancement helps in enhancing transparency,
interoperability, and real-time data sharing in healthcare [84]. The information-based
system in healthcare that is patient-centric needs to be digitally connected but less
prone to privacy, quality, compliance, and governance issues. Information manage-
ment is very crucial in this industry and influences the lives of people. VSC needs
to be strengthened with technological support to enhance information sharing and
real-time monitoring for effective decision making [85-87]. Currently, the healthcare
industry needs a system of collaborative stakeholders consisting of digitized data.
The alternatives that the healthcare sector has are blockchain, IOTA, Augmented
Reality (AR), and Robotics, which may transform the existing VSCs. With the help
of these technologies, the healthcare industry may reshape [88]. The main focus of
the industry is to ensure the availability of vaccines to people at the right time. Thus,
there is a need to conduct more research on developing robust and efficient VSCs.
These VSCs will be able to provide better and cost-efficient healthcare services such
as distribution, delivery, effective immunization programs, drug storage, etc.

The second category of cluster analysis is mainly concerned with drug development
and its management. The healthcare industry consistently works on developing
generic drugs or vaccines. The process of drug development includes sequential
steps, discovery and development, animal trials, clinical trials, and Food and Drug
Administration (FDA) review and post-market safety monitoring. It takes a long time
to bring a new drug to the market. Clinical trials constitute approximately half of the
development process cost. Clinical trials are conducted in four phases. As the rate
of clinical trials is increasing worldwide, more emphasis has been placed on quick
and better decision making regarding treatments [89]. Drug supply planning must
ensure efficient and effective SC, and thus requires more studies for better planning
and implementation. Drug supply planning poses challenges for multi-center trials in
clinical studies that need to be discovered in future studies.

The third category of cluster analysis in VSCM is the manufacturers in VSCs. Manufac-
turers have an important stake in VSCs as their credibility depends on the effectiveness
of their vaccines once the vaccination initiates. The risk related to low SC performance
is harmful to vaccine effectiveness, with potential consequences in the future. The
manufacturers of vaccines from emerging countries have created a network DCVMN
(Developing Countries Vaccine Manufacturers Network) to protect people from in-
fections through the supply of quality and affordable vaccines. This network has
established goals for promoting stable and sustainable high-quality vaccines for de-
veloping countries and enhancing the efficiency and effectiveness of VSCs [90]. Thus,
there is a need for studies to identify the opportunities faced by vaccine manufactur-
ers in developing countries. This may help in managing demand forecasting, erratic
ordering schedules, dependence on material and supplier relationships, and the con-
figuration of SCs. However, it is seen that vaccine manufacturers lack resources
for adopting changes in their operations [91,92]. Future studies should focus on
identifying ways for capacity building for manufacturers, with scientific knowledge
supporting the technology transfer process [93]. There are few constraints for vaccine
manufacturing in emerging countries, such as diverse vaccine manufacturers in their
locations across all the developing regions and extreme price pressure [94,95]. Thus,
more focus should be on improving the current VSCs.
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Currently, VSCs are highly disturbed due to the COVID-19 pandemic. The VSCs
need to be strengthened with effective planning for facilitating vaccine development and
distribution worldwide [96,97]. Therefore, supply chain integration, digitization, and
collaboration are very much required in VSCM.

4. Discussion

Based on the literature review conducted in the paper, it is visible that VSCM is one of
the emerging areas for future research. The review article aims to showcase the research
progress and development on various aspects of a theme, subject, and a topic, including the
evolvement of the subject and research gap. This comprehensive review discussed current
research trends, thematic development, and future research directions. The methodology
used in the study has been used in recent studies [98-100]. The coverage of research in the
review work can help pharmaceutical and Vaccine Supply Chains to cater to the challenges
of sustainable VSCM and to build a cost-effective, resilient, and long-term coordination
under uncertainty such as the COVID-19 pandemic [99-103]. The review work aims to
cater to four important research questions. For RQ1, various parameters including authors,
countries, and co-authors’ citations were evaluated. The key functions that contribute
significantly to the overall development of VSCM are identified using hierarchical cluster
analysis as shown in Figures 8 and 9. Based on the literature review, the first cluster
is vaccine manufacturing and supply chain management, the second cluster includes
decision making related to facility selection and storage capacity planning, and in the third
cluster, drug formulation and trials were identified. For RQ2 and RQ2, based on past
research, the research findings can help develop a conceptual framework for data-driven
sustainable Vaccine Supply Chains [104-106]. Figure 10 exhibits that VSCM has been
discussed in several disciplines, and its output has been transformed over time [107,108].
Each circle in Figure 10 signifies a discipline. The circle size represents the publications
in the specific discipline. The interconnecting lines between the disciplines signify their
co-occurrence. Maximum publications on VSCM were published in the supply chain
management discipline, followed by Vaccine Supply Chain. The majority of publications
are in Vaccine, PLoS ONE, and Production and Operations Management, the famous journals
for publicizing results. The studies show the trend topics, including vaccine production,
drug delivery systems, and Vaccine Supplies, have been the most common for several
years. To answer RQ4, Figures 11 and 12 project the future research avenues in the area.
Evolving areas such as cold chains and supply chain optimization and innovation using
digital technologies for vaccine delivery are among the few.

Figure 12 depicts the word growth; it indicates the usage of keywords based on the
past contributions during the assessment period. Moreover, Figure 12 also shows the
existing trends and future research potential in the area of VSCM.

From Figure 12, it is visible that words such as supply chain management, Vaccine
Supply Chain, and healthcare have been constantly increasing since 1990. From the year
1990-2010, the growth rate was very slow, but it gained pace from the year 2010. Based
on the prominence of words, a word cloud is drawn showing the strength of the words.
Figure 13 exhibits that vaccine, health, supply chain, design, cold chains, and developing
countries are the most commonly used words by the authors in the documents.
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Figure 10. Disciplines involved in VSCM.
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Figure 13. Word cloud.
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Figure 13 demonstrates the word cloud consisting of 537 frequently occurring key-
words on Vaccine Supply Chain Management (VSCM). The majorly occurring keywords
include health, Vaccine Supply Chain, supply design, cold chains, and inventory manage-
ment. The word cloud also confirmed that there exists a direct link between the pandemic
and the number of publications. Hence, the year 2020 gained a substantial hike in the
number of documents published due to the COVID-19 effect. The bibliometric analysis
demonstrates the importance of vaccine distribution in developing countries to eradicate
the spread of COVID-19 (Figure 14). During the outbreak situation, firms, governments,
and countries were investing in various stages of vaccine development, i.e., clinical trials,
production, and distribution. Consider the complexity of cost drivers, development of low-
cost vaccines, distribution, and also as support for WHO policy recommendations [107,108].
The pharmaceutical firms also showed commitment to facilitating affordable vaccines for
low-resource markets. As a cause of fatal respiratory illnesses, COVID-19 has brought
global health concerns. To prevent or lower inter-personal transmission, there is a pressing
demand for vaccination as an effective strategy to counter the outbreak situations due to
infectious diseases. The research findings have provided insightful information about the
ongoing research trends in VSCs. During the last year, a number of studies have been
conducted in the context of COVID-19. The major contribution to the COVID-19 pandemic
time is from the USA, followed by China, Canada, Pakistan, and India. Figure 11 shows that
developing countries have contributed more to publishing documents on the COVID-19
pandemic. The Sankey diagram (Figure 13) reflects the association between the countries,
themes, and authors. Each node in the diagram signifies the topic, and the size of the
node is proportional to the number of keywords. This diagram is useful in analyzing
development and evolution in the area of VSCM.
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5. Conclusions

The present study on Vaccine Supply Chain Management is a comprehensive mapping
of research developments and trends based on the research articles published in the SCO-
PUS database. The research is an attempt to provide a comprehensive landscape of vaccine
development planning and its physical distribution in developing and developed countries.

Considering the spread of COVID-19, policymakers have a role in understanding
the bottleneck in vaccine delivery due to infrastructure limitations. The research findings
suggest improving delivery performance and real-time tracking of vaccine distribution
amidst a pandemic or similar situations in the future. Thus, an effective and sustainable
VSCM requires constant monitoring by supply chain partners and policy support from
the government and supply chain partners to be enhanced for constant improvement.
The reconfiguration of existing VSC with hybrid logistics systems is needed to improve
performance. The existing research on VSCM is emerging but has faced a variety of
limitations—limited discussion on the design, development, and distribution of vaccine
and its supply chain. Country-specific VSC and its management are complex; therefore,
future research on VSC can be focused on country or type. A variety of internal processes
and functional areas including finance, cold chain, risk management, reverse logistics and
its management can be a further attempt in future research, as these issues and concerns
play vital roles in decision making and the development of a sustainable Vaccine Supply
Chain network. Although this is among a few bibliometric analyses on Vaccine Supply
Chain Management, during the spread of COVID-19, the number of contributions has
increased gradually. The USA is evaluated as the most active country, whereas China
is the second most contributing country. The most frequently occurring keyword was
vaccine. The research findings are very much useful for stakeholders, including researchers,
strategists, and policymakers. The research findings shall be useful for ongoing and future
research works in the area of vaccine operations and supply chain management. The work
can be helpful to improve the efficacy of vaccine production operations and distribution to
the masses. The study proposes the need for building a sustainable Vaccine Supply Chain
system for poor countries, including African countries and a few south Asian countries,
including Afghanistan, Bangladesh, and Nepal.

However, the study has various limitations. A few of them include (a) the data source
being limited to only one database, that is, SCOPUS; (b) only a few limited search terms
were used in the study, i.e., Vaccine Supply Chain Management and Vaccine Management;
(c) the documents searched based on the criteria include year, document types, and English
language, while other criteria including author keywords and non-English articles were
not included in the study; and (d) the study did not exclude self-citations, as they can have
an impact on overall citations and h-indexing of the authors and publication sources. More-
over, the review includes past studies on Vaccine Supply Chain, storage and distribution,
although studies on other operations including research and development and vaccine
trails were not included.
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