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Abstract

The outbreak of the novel coronavirus (COVID-19) forced the governing bodies across the
world to ban all kinds of travel involving the movement of people. However, the policymak-
ers have been working hard to mobilize the movement of essential goods and services con-
sidering its importance in containing the pandemic. It signifies how important the estab-
lishment and maintenance of logistics and supply chain management (LSCM) operations
are, both during the containment and the successive periods. Motivated with the paramount
importance of LSCM operations during the rapid spread of the novel coronavirus (COVID-
19) across the globe, this paper critically reviews the existing literature closely related to
it. The main aim is to identify and enhance the understanding of the logistical characteris-
tics that play a vital role during pandemics. The selection of the literature was done using
Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) method-
ology. The classification of the selected literature was done using a tripartite framework.
Results show that researchers have focused mostly on “Post-event” (48.24%) management
of logistical operations followed by the “Pre-event” (31.76%) and least in the “Integrated”
(20%.) approaches. Furthermore, the analysis of the results provided useful insights that
are discussed in detail. Also, twelve key areas have been identified that need due attention
to improve the overall efficiency of the LSCM operations. We believe that the findings
from this paper would be useful to the decision-makers and other stakeholders, as far as,
maintaining efficient LSCM operations during as well after the pandemics are concerned.
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1 Introduction

On 31 December 2019, a novel viral disease called coronavirus (COVID-19) caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was identified in the capi-
tal of Hubei province, the most populous city of Central China, Wuhan (WHO 2020a). In a
couple of months, COVID-19 spread to a growing number of countries (mainly Europe and
the United States) outside China. This spread was so rapid and massive that on 12 March
2020, the World Health Organization (WHO) declared it as a pandemic (WHO 2020b). As
of 12 October 2020, Johns Hopkins University’s dashboard (CSSE 2020) update showed
that the total number of reported and confirmed cases across more than 212 countries, ter-
ritories, and international conveyances (WHO 2020c) have crossed 37,481,821 taking the
death toll to 1,076,818. The increased urbanization and population densities could act as a
catalyst to the spread of COVID-19. In response to these challenges in the prevailing situ-
ations, most of the countries declared nation-wide lockdowns, banning the foreign, domes-
tic, as well as local travels. Compared to the initial phase of COVID-19, when the focus
was primarily on medical aspects, the attention has now shifted towards the social, eco-
nomic, and sustainability impacts (Gautam and Hens 2020).

Looking back in history, the world has witnessed several pandemics, for example, Span-
ish influenza in 1918 that killed nearly 50 million people across the globe (Tumpey et al.
2005) and the influenza A(HIN1) virus in 2010 which spread to 214 countries causing
18,114 deaths (WHO 2010). To contain such diseases, it is important to respond promptly
by the deployment of manpower at a hierarchical level and ensure the smooth flow involv-
ing transportation as well as the distribution of essential commodities that include medi-
cines, other medical supplies, groceries, etc. The efficiency of all the logistics and supply
chain management (LSCM) operations especially during pandemics, therefore, has a cru-
cial role to play (Arinaminpathy and McLean 2009; Jennings et al. 2008). The importance
of maintaining efficient LSCM has also been recognized by the world’s leading organiza-
tions like WHO. In the Activity Report by WHO (2012), the importance of logistical issues
have been addressed in the following manner:

...to provide operational assistance in the ongoing management of logistics required
for epidemic and pandemic preparedness and response and the rapid deployment
of medical and laboratory supplies, transport, communications as well as the rapid
deployment of outbreak response teams.

Motivated by the importance of LSCM during the prevailing COVID-19 pandemic across
the globe, the research questions that were raised prior to compiling this review are as
follows:

e  Which areas and sub-areas of LSCM have received the least and most attention from
the researchers?

e What are the characteristics of the LSCM that play a vital role during emergencies like
a pandemic that would be useful to decision-makers and other stakeholders?

To explore the answers to the questions raised, the main objectives of this research are
as follows:

e To identify, collect, and compile the published “LSCM” operations literature closely
related to “epidemics or pandemics”.
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To classify the compiled literature based on a framework.
To analyze the classified literature by identifying various logistical characteristics like
attributes, objectives, constraints, problem formulations, and the optimization solutions
thereof.

e To enhance the understanding of the LSCM operations during epidemics/pandemics by
developing its robust definition and providing a way forward for decision-makers and
other stakeholders.

The remaining article is organized as follows: First, the review methodology consisting
of literature collection and compilation, and classification framework has been presented.
This is followed by identifying and highlighting various LSCM characteristics. The dis-
tribution of identified characteristics of LSCM across the reviewed literature is presented,
highlighting the main findings. Next, the major findings of this review are discussed.
Finally, the conclusions with respect to the defined objectives are reported and some useful
managerial insights are also provided.

2 Review methodology
2.1 Literature collection and compilation

To follow a scientific approach in finalizing the literature for this review, “Preferred Report-
ing Items for Systematic Reviews and Meta-Analysis” (PRISMA) proposed by Liberati
et al. (2009) was adopted. The PRISMA consists of four stages. In Stage 1, the documents
were searched from the databases. In this research, SCOPUS and PubMed databases were
used to search the literature using “Advanced Search Options” recommended in TR-Circu-
lar E-C194 (Avni et al. 2015). It is worth mentioning that the research related to control of
the epidemic/pandemic is quite vast; therefore, it was necessary to set out some boundaries
in the first place. Considering this, the research focused on those areas of LSCM operations
that incorporated the decision-making processes in one way or the other. In Stage-2, the
titles and abstracts of the documents collected in the previous stage were screened. Further,
in Stage-3 the documents found relevant in Stage-2 were checked in detail for relevance
and appropriateness. Finally, in Stage-4, the final set of documents were finalized which
were critically reviewed.

2.2 Literature classification framework

As far as the classification of the selected literature is concerned, a tripartite framework
was utilized (Fig. 1). Level-1 consists of primary classification which is based on the
time-frame (pre-event, post-event, and integrated). In Level-2, secondary classification
is applied. This classification is based on context-specific characteristics such as bioter-
rorism, natural outbreaks, and disease repercussions. It is noteworthy that in some of the
selected literature, although the LSCM related to the epidemic/pandemic was addressed,
there was no specific mention regarding the context. That literature was grouped into the
“assorted” category. Finally, in Level-3, tertiary classification is applied which is based on
the methodologies and attributes of LSCM operations towards the optimization (solution)
approaches. Figure 2 shows the distribution of finalized documents according to the tripar-
tite framework. It is noteworthy that the tripartite framework was developed based on the
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incorporated LSCM attributes that were identified in the selected literature. This approach
helped in identifying as well as correlating the characteristics of the selected literature.

3 LSCM operations during epidemic/pandemic

Many decision-making issues related to LSCM arise during the containment period of
an epidemic/pandemic. These issues are primarily related to facilities, their location and
capacities, selection and deployment of transportation as well as distribution modes, and
replenishing the stock capacities across the whole supply chain. Several research works
have addressed these issues. Beeler et al. (2011) developed a discrete-event simulation
model while considering various factors like crowdedness, staffing levels, and the percent-
age of infectious individuals entering the health care facilities. Huang et al. (2010) and
Jia et al. (2007a, b) proposed several solutions related to facility locations. The solutions
provided in their research were based on the models like P-median and P-centre, various
heuristic, and dynamic programming approaches. Berman and Gavious (2007) formulated
the problem as a game between the state and the terrorist which they solved using a com-
bination of mathematical programming and game theory. They, in their research, consid-
ered the cost incurred in setting up the system and cost incurred in taking the required
preventive measures. Murali et al. (2012) solved the problem based on the maximal cover-
ing location using loss function and locate-allocate heuristics by considering the distance-
sensitive demand and uncertainty in the demand. A stochastic programming model, based
on a multi-objective approach, was utilized by Wang et al. (2009) to scrutinize the issues of
stockpiling and dispensing activities. The solution of the model was generated through an
algorithm that was based on Monte-Carlo simulations. Similarly, Ke and Zhao (2008) and
E. K. Lee et al. (2009b) used dynamic programming and simulation models to solve the
issues related to the distribution of essential supplies to the affected population. In these
studies, various logistical constraints and issues concerned with transshipment between the
dispensing points were taken into consideration, respectively. Herrmann et al. (2009) pre-
sented a delivery volume improvement technique that aids in formulating solutions consid-
ering routing and scheduling parameters. Liu and Zhao (2009) also provided a numerical
simulation-based solution to the distribution of essential commodities during emergen-
cies considering the length of route and time window as the objective functions. Liu et al.
(2011) introduced a distribution model focussing on the delivery style and the delivery net-
work of dispensing personnel, the optimization (solution) to which was obtained employ-
ing a genetic algorithm. Likewise, some researchers have worked towards solving the vehi-
cle routing issues that arise during emergencies. For example, Shen et al. (2009) divided
the vehicle routing issues into 2 stages—planning stage and operational stage. It is equally
important to reduce the radius of emergency response during bioterrorist attacks and con-
sidering the replenishment policies have proved useful (Zhao and Sun 2008). Hu and Zhao
(2011) studied the dynamic approaches related to the replenishment policies that arise
within LSCM operations during bioterrorist attacks.

Stockpiling of essential commodities during the epidemic/pandemic is a logistical
constraint (Arinaminpathy and McLean 2008) and therefore needs to be accounted for
in the LSCM models. Stockpiling at central levels is less efficient during emergencies
if not integrated with stockpiling at the local levels (Harrington and Hsu 2010). Cinti
et al. (2005) have provided a strategic action plan for stockpiling medicines at local
levels such as hospitals. Stockpiling of essential medical supplies is considered to be
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a cost-effective strategy in the case of pandemics (Dhankhar et al. 2009, 2010). For
example, V. J. Lee et al. (2006a, b) and Lugnér and Postma (2009) used cost-effective
approaches for stockpiling the essential medical supplies like antiviral drugs that are
required during the pandemic outbreaks. A promising cost—benefit ratio can be attained
if stockpiling is managed either as a therapeutic measure or as short-term preventive
healthcare for exposed contacts (Balicer et al. 2005). The stockpiling decisions of an
organization are not only dependent on the uncertainties in the system but also on
the coordination with other partner organizations (DeLaurentis et al. 2009). Reduc-
ing the procurement costs and increasing the shortage penalty optimizes the stockpil-
ing requirements in emergencies (Adida et al. 2011; DeLaurentis et al. 2008). Siddiqui
and Edmunds (2008) proposed a decision analytical model to solve stockpiling issues
related to drugs and near-patient testing for the United Kingdom. Liu (2007) developed
a mathematical model to estimate the stocks required in case of an emergency like an
epidemic outbreak. Likewise, Tebbens et al. (2010) considered various constraints, for
example, those linked with capacity, associated risks, and filling the stockpile. They, in
their research, proposed a mathematical framework that optimizes the stockpiling activ-
ities. Apart from these works, some studies have estimated the capacities of health-care
centers (Radonovich et al. 2009), while others have estimated the number of personal
protection kits (PPKs) required in case the pandemic outbreak occurs (Hashikura and
Kizu 2009; Rebmann et al. 2011).

During the control phase of the epidemic/pandemic, logistical concerns comprise the
configuration of the premises chosen to act as additional surrogate dispensing centers,
patient flow management, and capacity preparation. A suite of strategies considering a rea-
sonable level of effectiveness, time frame and resource constraints are useful in forming the
robust planning framework for decision-makers (Miller et al. 2006). Contrary to this, poor
control phase planning during emergencies may lead to frail decisions which, in turn, cause
confusion and delayed responses (Aaby et al. 2006). This reduces the overall efficiency of
the system and increases the potential number of fatalities. The simulation tools are quite
beneficial in determining the optimum staff requirements for initial screening, triage opera-
tions, medical evaluation, and drug dispensing stations during the control phase (Hupert
et al. 2002). Simulation tools are also useful in estimating the total time that patient stays in
the system and the requirement of resources during emergencies (Patvivatsiri et al. 2007).
These tools have been successfully applied to simulate other transmission diseases, for
example, Porco et al. (2004) developed a continuous-time stochastic simulation model for
smallpox transmission. Similarly, Whitworth (2006) utilized discrete-event simulation to
strategize a response plan regarding traffic management, dispensing points, and staff sched-
uling intending to counter the anthrax attack. Hui (2010) developed a queuing model that
was based on the time taken in the distribution of the essential supplies. To compare the
emergency response during the outbreak of an epidemic/pandemic, Wein et al. (2003) pro-
posed a mathematical modeling approach. They, in their study, considered a 2-stage queu-
ing structure that consisted of transportation and dispensing of essential supplies and hos-
pital care. A set of differential equations such as spatially distributed tandem queues were
analyzed by Craft et al. (2005). The primary concern of their analysis was to shed light
on the distribution of medical supplies and health care facilities. Giovachino et al. (2005)
used various computer modeling techniques to optimize the capacity of dispensing points
Kaplan et al. (2003). proposed a capacity planning tool by assessing the then-prevailing
and alternate proposals for emergency responses. It has been observed that decision sup-
port systems and multi-criteria decision analysis (MCDA) have also proven successful and
have been utilized by some researchers (E. K. Lee et al. 2006). For example, Richter and
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Khan (2009) utilized MCDA to evaluate the trade-offs between various dispensing strate-
gies during an epidemic/pandemic outbreak.

On contrary to the aforementioned methods and approaches, several research works
have addressed the issues of epidemic/pandemic LSCM operations from a qualitative
point of view, and quantitative or integrated perspective. Here, “qualitative” refers to those
studies which primarily focused on the LSCM operations concerned with the time dur-
ing which quarantine or isolation programs are implemented (Barbera et al. 2001). While
as, the “quantitative”, refers to those studies that have developed comparatively more inte-
grated frameworks to solve the issues of LSCM during epidemics/pandemics. For example,
Y. M. Lee et al. (2009) proposed various modeling and computational tools that aid in
providing robust LSCM operational planning during emergencies like a pandemic. Bravata
et al. (2006) and Brandeau et al. (2008) evaluated the integrated response strategies dur-
ing the bioterrorist attack using cost—benefit analysis. A dynamic compartmental model
was developed by Zaric et al. (2008) to evaluate the logistical and supply chain manage-
ment issues concerned with transportation and distribution of essential commodities from
national to local level, stockpiling capacities, and final dispensing to local populations.
Likewise, some factors affecting LSCM operations during the epidemic/pandemic were
studied by Hessel and EVM-Group (2009). They, in their research, studied emergency
healthcare infrastructure requirements, stockpiling aspects, and agreements between stake-
holders concerning procurement and distribution of essential medical items. Apart from
the factors studied in the aforementioned research works, other factors also affect the effi-
ciency of the LSCM during the epidemics/pandemics (Collin and de Radigues 2009). For
example Adu et al. (1996), evaluated the efficiency of a cold supply chain for handling and
storage factors. Similarly Moore et al. (1990), studied the logistical barriers that arise in the
displaced populations and migrants. Whereas, Hadler (2005) studied the ethical issues that
are linked with LSCM operations.

3.1 Epidemic/pandemic containment objectives and the importance
of coordination

The containment of pandemic like COVID-19 encompasses mainly three major objec-
tives. They are: (1) to reduce the rate at which vulnerable population gets infected, (2)
to minimize the mortality rate of the infected population, and (3) to enhance the immu-
nization of the population. To achieve these objectives, decision-makers and health pol-
icy-makers need to make some big decisions which include, but are not limited to, organ-
izing quarantine programs, setting up isolation wards, launching vaccination camps, and
partial/complete lockdown of a specific geographic region. For example, on 24 March
2020, the Prime Minister of India announced the nation-wide lockdown for 21 days (Eco-
nomic Times 2020a) which was further extended (Economic Times 2020b) to 9 May 2020.
Besides maintaining adequate sanitation facilities and law and order, the success of control
measures, like these, demands equally efficient LSCM operations ensuring the smooth flow
of essential commodities. This becomes an enormous challenge for authorities owing to
the diversity of the entire hierarchy of stakeholders which include manufacturers, police,
health departments, decision-makers, municipalities, etc. During the pandemic, it, there-
fore, becomes extremely important to work in coordination and come up with real-time
solutions. Failing to do so, may crash the entire management system and may result in los-
ing a huge number of precious lives (Brandeau et al. 2007).
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3.2 Commercial supply chains vs emergency supply chains

A supply chain is a network through which the commodities flow. It comprises of all
the parties from “sourcing” and “manufacturing” to “stockpiling” and “dispensing” (Hu
and Zhao 2012). To understand how a supply chain is connected among various players,
Fig. 3 shows a sample supply chain that starts from the supplier and ends at the dispens-
ing points. Reverse logistics in Fig. 3 refers to the activities that comprise disposing and
treating the wastes arising from the population. Recent studies have demonstrated that
adopting a multi-echelon commercial supply chain is useful. For example, Zerang et al.
(2018) modeled a three-echelon supply chain considering manufacturer, third party, and
retailer. Compared to commercial supply chains, emergency supply chains are no doubt
more challenging because of the uncertain (Liu and Zhao 2012) and chaotic times (such
as pandemic) they operate in. However, these 2 supply chains have much in common
(Rottkemper et al. 2011). The nature of similarities between the two could be exploited
by utilizing the knowledge and methods applied by the commercial supply chains in
emergency supply chains. In other words, business models in supply chain management
could be utilized in humanitarian supply chains (Blecken et al. 2010; Rottkemper et al.
2012).

3.3 Epidemic/pandemic containment stages

To channelize the epidemic/pandemic containment efforts, an inventory covering all the
logistical operations in a number of stages, arranged sequentially are required. Broadly,
WHO (2005) classifies these into four stages (Fig. 4)- preparedness, investigation,
response, and evaluation.

Stage-1 (preparedness) aims at maintaining the reserve stocks of both medical as
well as other essential commodities. It also aims at setting up emergency organizations
and programs. For example, the National Disaster Management Authority (NDMA) was
established in 2005 to spearhead and implement a holistic and integrated approach to
Disaster Management in India. In recent research, Porter et al. (2020) found that setting
up the emergency programs enhance the pandemic preparedness. Researchers have also
developed several preparedness plans in case of an epidemic/pandemic outbreaks (Man-
ley and Bravata 2009; Rebmann et al. 2007). Since 1999, WHO has also been regularly
updating the preparedness plans for epidemic/pandemic outbreaks. As far as LSCM
operations are concerned, some noteworthy points regarding such plans are listed as
follows:

(1) Source identification of the essential commodities.

(2) Management of contracts and development of inventories for the procured commodi-
ties.

(3) Periodic analysis and up-gradation of medical equipment including personal protective
kits (PPKs).

(4) Identification of stockpiling warehouse locations and assessment of their capacities.

(5) Planning and design of optimized transportation network systems for the distribution
of essential commodities.

(6) Identification of locations for expanding the existing health-care capacities.

(7) Ensuring the adequate availability of direct as well as indirect economic resources.
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Fig. 4 Four stages of containment effort during epidemics (proposed by WHO)

In Stage-2 (investigation), systematic laboratory testing is required to be carried out to
detect the infected population. It is done by establishing a well-knitted surveillance frame-
work. Besides some leading organizations of the world, some researchers have also pro-
posed and tested various surveillance frameworks. Dato et al. (2004) reviewed various
surveillance systems that were used in the USA to detect and report the data during an
outbreak. They demonstrated that the explicit understanding between the organizations
involved is valuable in analyzing the complexity of the outbreaks. Lombardo et al. (2003)
demonstrated the efficiency of a surveillance system that they called “Electronic Surveil-
lance System for the Early Notification of Community-Based Epidemics (ESSENCE II)”.
Likewise, Krause et al. (2007) utilized an electronic surveillance system called SurvNet to
capture the impact of outbreaks in Germany. The outbreak investigation stage is difficult
to handle in case of pandemics. However, it is worth mentioning that focusing on context-
specific characteristics like target population, resource availability, etc. could be useful on
practical ground. The role of LSCM operations in detection and confirmation of the pan-
demics can be summed up as follows:

(1) Provision and supply of emergency kits including PPKs and other reporting facilities
to all the frontline workers including doctors and paramedical staff among others.

(2) Organizing awareness camps for clinical workers regarding the collection of samples,
their labeling, and testing and also control and treatment of the suspected and affected
population.

(3) Ensuring and facilitating the operational deployment of all the essential commodities.

(4) Ensuring the efficiency of the cold supply chain which includes storing, handling, and
distribution of emergency medicines/vaccines and other laboratory related materials.

(5) Ensuring the quality assurance of critical commodities.

Stage-3 (response) comes into play when the outbreak is already declared. The epi-
demic/pandemic curves show an exponential increase (Chinazzi et al. 2020), thus, demands
immediate and rapid decisions to stop the further spread. This stage involves the execution
of the plans and frameworks. As far as the role of LSCM operations during the response
stage of a declared pandemic is concerned, the following points are worth mentioning:

(1) Selection of dispensing points’ facilities and activation of the emergency workforce.

(2) Timetabling the vehicular routes and frequency.
(3) Transporting the essential commodities from warehouses to dispensing points.
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(4) Distribution of essential commodities from dispensing points to the local population.
(5) Reviewing and replenishing the stock of essential commodities regularly.
(6) Maintaining the cold supply chains for the medicines/vaccines.
(7) Establishing the testing centers along with the procurement of testing kits.
(8) Preparation and implementation of workforce scheduling.
(9) Utilizing the identified additional centers for quarantining and other required health-
care facilities.
(10) Following protocols for safe handling and management of the infected population and
dead bodies.
(11) Maintaining law and order by employing police and other related departments.

Stage-4 (evaluation) comes into the picture after the epidemic/pandemic has been suc-
cessfully contained. This stage provides useful insights into the knowledge and skills that
were required for the containment (Beeler et al. 2011) and helps in upgrading and enhanc-
ing the overall management abilities of the decision-makers and health policy-makers. This
could be beneficial for tackling future epidemics/pandemics, if there may be. As far as, the
services of LSCM operations in Stage 4 are concerned, it is valuable in the following ways:

(1) Identifying and assessing potential bottlenecks or shortages that impeded the delivery
of essential commodities to the local population.

(2) Evaluating the prioritization that would have been adhered to minimize the detrimental
effects.

(3) Identifying the trends in patients needing medication adjustment or alternate care
regimes.

(4) Development of performance metrics related to LSCM operations.

(5) Evaluation of teamwork problems among the stakeholders including public cooperation
that was raised during the containment operations.

(6) Establishing the rehabilitation (vaccination) programs (if needed).

4 Analysis of results

The classification of the collected literature in this research was done based on a tripartite
framework (see Fig. 1). As a result of this, a maximum (48.24%) of the collected research
works were concerned with the “Post-event” management of logistical operations fol-
lowed by the “Pre-event” category which constituted a total of 31.76%. Research works
concerned with the “Integrated” approach (i.e. both pre-event and post-event) comprised
of 20%. Looking at the context-specific (secondary) classification, the maximum research
works were related to “Bioterrorist Attacks” (38.82%) followed by “Natural Disasters”
(32.94%) and “Disaster Repercussions” (5.88%). The remaining (22.35%) of the LSCM
research works related to epidemic/pandemic have not explicitly specified the context and
therefore, have been classified as the “Assorted” category. The tertiary level classification
was done based on identified characteristics in the collected literature. A total of 6 broader
divisions of characteristics were identified that include “logistical attributes”, “objec-
tives”, “constraints”, “problem formulation/methodology”, “optimization (solutions)”,
and “nature of the study”. Each of these is further categorized into sub-division character-
istics. The distributions of the sub-division characteristics across the broader characteris-
tics are shown in Figs. 5 a—f .
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lem formulation/methodology applied across the reviewed literature. e Distribution of optimization (solu-
tions) methods adopted across the reviewed literature. f Distribution of nature of study undertaken across

the reviewed literature

Ten logistical attributes were identified in the reviewed literature (see Fig. 5a). Analy-
sis of the literature showed that, on one hand, major research focus has been on attrib-
utes such as “distribution/dispensing” (20.59%) and “stockpiling” (19.61%) of the
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essential commodities during emergencies. On the other hand, “information management”
(2.94%), “logistics network design” (4.90%), and “vehicle routing” (5.88%) have com-
paratively, received the least attention. As far as the primary objectives of the reviewed
LSCM literature are concerned, four objectives were identified (see Fig. 5b). Among the
identified objectives, “cost minimization” (43.75%) received the maximum attention from
the researchers followed by “demand satisfaction” (28.13%) and “time minimization”
(18.75%). Research with “distance minimization” (9.38%) as the objective was found in
the least number of reviewed literature. The analysis of the reviewed literature also shed
light on various constraints applied. A total of 6 constraints were identified (see Fig. 5¢c)
in which “demand satisfaction” (35.29%), “capacity” (23.53%), and “supply” (19.61%)
were found to be applied by most of the researchers. The “distance” (5.88%) as a con-
straint was applied in the least number of reviewed literature.

In the analysis of the reviewed LSCM literature, it was found that a variety of methodo-
logical approaches have been used. As many as eleven such methodologies were identi-
fied (see Fig. 5d). Among these, “mixed integer programming” and “simulation tools”
that accounted for 17.44% each were utilized in most of the research, while as “queue-
ing theory” (5.81%), “game theory” (5.81%), and “system dynamics” (3.49%) approaches
were utilized in the least. The distribution of the identified optimization techniques in the
reviewed literature is shown in Fig. 5e . Among the five identified optimization techniques,
“heuristic algorithms” (46.67%) were utilized by most of the researchers followed by
“genetic algorithm” (20%). Contrary to this, “problem decomposition algorithm” (6.67%)
was utilized by the least. Finally, two broader divisions signifying the nature of the LSCM
reviewed literature were identified (see Fig.5f). It was found that most of the research is
based on “deterministic” (79%) approach when compared to “stochastic” approach (21%).

5 Discussion

Reviewing and analyzing the collected LSCM literature related to epidemics/pandemics,
some useful insights are derived and reported here. Several logistical characteristics were
identified which shed light on various attributes, methods, and methodologies adopted by
the researchers. Most of the research was found to be related to bioterrorist attacks and nat-
ural disasters. The possible reason for most of the research focused on bioterrorist attacks
could be the anthrax attack in the USA that took place in the year 2001. Nevertheless,
during a declared epidemic/pandemic most of the organizations come to halt but LSCM
operations need to be more active than during normal times. Transportation and distribu-
tion of essential commodities from sourcing to end-users is the lifeblood during such times
of crisis. The spread of epidemic as disaster repercussions remains a controversial issue
and is possibly the reason for the lack of research in this area.

Analyzing the logistical attributes, it is observed that many assumptions for the sake
of simplicity have been used. It is important that these assumptions are close to the real-
world (practical) issues rather than to the hypothetical (ideal) conditions. For modeling the
LSCM network system during the epidemic/pandemic, most of the researchers (in their
methodologies), as observed, have utilized differential equations. Rates of infection and
disease transmission are assumed to be constant, which of course is not true in epidemic/
pandemic situations and therefore, should be avoided. The LSCM models designed for
controlling the disease outbreaks and determining the optimal amount and location of
resources should take into account its spatial spread dynamics as well (Biiyiiktahtakin et al.
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2018). Moreover, compared to other essential commodities, it is important to follow dif-
ferent protocols as far as the transportation and distribution of medical supplies are con-
cerned. The negligence in these approaches leads to chaotic issues in the fleet management
of the LSCM, reducing the overall efficiency of the system.

The nature of the disease, i.e., whether the disease is contagious (say COVID-19) or
not (say anthrax) and to what extent, has a direct link with the LSCM configuration. The
frameworks handling the two issues need to be different. For example, the former requires
much more quick responses than the latter. The time frames in which the essential com-
modities need to be transported and delivered may also vary (Lee 2008). Moreover, the
facilities, equipment, and capacities required may not be the same. During COVID-19, for
example, it is vital that the medical staff is provided with personal protection kits (PPKs) of
the highest quality. This would not be the case of other non-contagious outbreaks. Hupert
et al. (2004) categorize the mass prophylaxis due to the outbreak of epidemic/pandemic
into the following 2 categories: (1) push approach, and (2) pull approach. In the “push”
approach, the treatment is to be delivered at doorsteps or local facilities while as, in the
“pull” approach, the infected population must be treated in hospitals. Therefore, tailoring
the frameworks considering the nature of the outbreaks is essential. Moreover, to deal with
mass prophylaxis, models based on multi-objective location-allocation problems integrat-
ing both, strategic as well as operational components are highly recommended (Pouraliak-
barimamaghani et al. 2017).

The decisions regarding the sourcing and distribution of essential commodities always
have a cost factor associated with it. Thus, cost minimization is no doubt vital towards
efficient LSCM during epidemics/pandemics but it is equally important to incorporate and
optimize other elements as well. For example, Zhao and Han (2010) proposed an LSCM
design framework with the main aim to reduce both the overall costs incurred as well as
response times. Xu et al. (2009) studied the relationship between two LSCM networks—
epidemic diffusion and emergency rescue. Zhu and Cao (2010) developed an LSCM net-
work model based on the following three stages: (1) the emergency behaviors of relief
suppliers, (2) the emergency behaviors of distribution centers, and (3) the demand equi-
librium conditions of affected areas. Similarly, the elements like picking, packing, in-door
handling, maintenance, and transshipment precautions call for equal importance. Also, the
replenishment and trade-off policies should be given due consideration as the stock capaci-
ties are limited and could be a major issue in case the epidemic/pandemic extends for a
longer period. Other elements like proper timetabling and scheduling of the workforce,
considering fatigue and health implications should also be respected and, therefore, neces-
sitates attention.

The management and broadcasting of information are useful in retarding the progres-
sion of the disease outbreaks. Information management during epidemics/pandemics acts
as a driving force for efficient LSCM operations (Conn et al. 2008). Updating the whole
hierarchical workforce regularly regarding the planning modifications which include
transportation of essential commodities, the requirement of the additional workforce, and
deployment tactics play a crucial role in the smooth functioning of the LSCM operations.
Some proven and well-established business supply chain models could be calibrated to suit
the emergency needs during epidemic/pandemics. Some latest technologies like radio fre-
quency identification (RFID) and RealOpt (E. K. Lee et al. 2009a) could also be utilized
for improving the efficiency of LSCM.

To tackle and successfully manage the complexity of public health and economic sys-
tems during the outbreak of epidemic/pandemic, a substantial effort, and a multidisciplinary
approach is required (Silal 2020). An integrated approach that incorporates spatial and social
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heterogeneities, epidemic/pandemic dynamics, budget allocation as well as the capability to
adapt government interventions are useful in improving the efficiency of LSCM operations
during pandemics (Liu et al. 2020). The coordination among all the stakeholders actively
involved in the containment of the epidemic/pandemic is the key to success. Containment
strategies involve the public as well as private organizations, pharmaceutical as well as non-
pharmaceutical personnel, law enforcement as well as transportation and LSCM departments,
researchers as well as practitioners, among many others. These need to come under one roof
and work in coordination (Manley and Bravata 2009). It is further validated by the fact that
decision in one sector affects the execution part in the other and vice-versa. The coordination
of the public is equally important for the success of containment efforts. It has been observed
that lack of coordination is seen more in situations like epidemic/pandemic outbreak, owing to
uncertainty, and this results in poor execution works. In other words, it can be interpreted that
without proper coordination even if robust frameworks are developed, they do not benefit at
the ground level.

It is observed that most of the logistical studies related to epidemic/pandemic control have
developed prescriptive or descriptive models using a deterministic approach; however, includ-
ing stochastic features would be more useful. An example that supports this claim is that of the
time parameter. Despite the time parameter being very critical in addressing issues during epi-
demics/pandemics, it is often assumed to be constant in the deterministic approach. This raises
some serious questions regarding the robustness of the models developed, especially concern-
ing the logistical operations during disease outbreaks. Thus, the incorporation of stochastic
parameters cannot be overlooked. Nevertheless, breaking down tasks into smaller ones would
also be useful in maintaining efficient LSCM operations during pandemic like COVID-19.

The number of confirmed cases and deaths alone during the epidemic/pandemic does not
show a complete and clear picture. Similarly, in LSCM operations during the epidemic/pan-
demic, the simple statistical parameters could be misleading. It is, therefore, highly recom-
mended to develop various performance metrics or indicators and possibly integrate those to
develop composite indices (see, for example, Illahi and Mir 2020a, b). Multi-Criteria Decision
Making (MCDM) methods are quite useful in assessing such indicators representing a com-
plex problem (Yildizbag et al. 2020). The developed indices could be useful in the evaluation
and assessment of the logistical operations; thus, aiding in taking further decisions.

Finally, during the epidemic/pandemic outbreaks, proper sanitation and maintenance of
hygiene within the societies are even more important. This is because the risk of spreading
some other diseases increase many folds due to an inefficient reverse logistics network which,
in turn, may add to the public health burden. Reverse logistics encompasses all those activities
that involve the collection and disposal of both medical as well as household wastes. Design-
ing robust reverse logistics models is important especially during epidemic/pandemic periods.
As an example, in a recent study, Kargar et al. (2020) presented a mathematical model based
on the following three objectives: (1) minimizing the total cost, (2) reducing the risk levels,
and (3) minimizing the amount of uncollected waste. The implementation of the developed
reverse logistics models is equally important.

6 Conclusion and managerial implications
The pandemic outbreak poses a high risk for the population at local, national as well as

global levels. Since the other activities might be forced to a halt during the containment
stages of pandemics like COVID-19, LSCM has a vital role to play. The efficiency of
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LSCM operations improves the transportation and distribution of essential commodi-
ties including the medical supplies during the containment period. Similarly, after the
containment period, the major role of LSCM is to reach out to a mass population so
that people get vaccinated. Considering the importance of LSCM to decision-makers
and other stakeholders, this paper reviewed the literature using PRISMA. Several gaps
were highlighted and discussed. It was found that the literature is mostly focused on
post-event management; however, an integrated approach is given little attention. More-
over, the evidence from this review suggests that the modeling approaches and frame-
works have poor correlation with the practical-case scenarios that make their applica-
bility questionable and limited. Finally, in line with the research objectives and based
on the analysis of the collected literature, a set of twelve managerial implications are
recommended. We believe these recommendations will prove useful to decision-makers
and other stakeholders in tackling the LSCM issues during pandemic emergencies like
COVID-19 and alike situations that may arise in the future. They are as follows:

(1) Interdisciplinary approach: there is a strong need for both epidemiologists and trans-
port planners to join hands and develop tailor-made epidemic/pandemic logistical and
supply chain frameworks and models. The models based on multi-echelon, multi-
period, multi-vehicle, etc. could prove beneficial in this regard.

(2) Holism and integrity: to contain the outbreak of a pandemic, a holistic and integrated
approach encompassing the logistical arrangements from sourcing of essential com-
modities to distribution among the populations plays a vital role.

(3) Replenishment frameworks: stocks have a definite capacity which should be respected
in designing the framework for logistical operations. Framing the LSCM network sys-
tem without considering the replenishment parameters makes it weak, and therefore,
these parameters are essential to be incorporated.

(4) Synchronized tactics: the logistical tactics must be well synchronized having the
consensus of most (if not all) of the decision-makers and other relevant stakeholders.

(5) Stochastic parameters: the developed LSCM models should include the stochastic
parameters like the capacity of the warehouses, the time required for transportation
and distribution of essential commodities, quarantine times, etc.

(6) Practical constraints: planning LSCM operations should necessarily take into account
practical constraints like availability of frontline workers, their timetabling and sched-
uling, etc. This will, in turn, optimize the health-care handling facilities.

(7) Developing indicators: continuous evaluation and assessment of LSCM operations
are necessary as it keeps a track of the implemented plans. Developing indicators or
indices could simplify things and aid in otherwise complicated tasks.

(8) Modeling mass gatherings: if the mass gatherings cannot be avoided completely,
robust models must be developed beforehand.

(9) Information and broadcasting: it is mandatory that all the stakeholders from decision-
makers to ground workers including the public are well informed and regularly moti-
vated and updated about the logistical operations. This often has been either neglected
or given less weightage leading to chaos.

(10) Hierarchical coordination: coordination across the whole workforce is the key to
provide efficient LSCM operations during the epidemic/pandemic. Therefore, it is
necessary to identify the role of all the participants across the hierarchical levels
followed by working in coordination during the response times as well as during the
post-containment periods.
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(11) Reverse logistics: sanitation issues being the primary cause of concern during epidem-
ics/pandemics, the wastes (both medical and household) need to be treated properly
and well in time. It, therefore, also calls for designing efficient reverse logistics.

(12)  Realistic assumptions: for researchers, it is proposed that assumptions made in devel-
oping logistical models should be more realistic. Most of the researchers, for example,
have optimized the cost while keeping the time constant. However, the latter is a
critical parameter as far as the pandemic is concerned.
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