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Abstract

The COVID-19 pandemic has been experienced as the most significant global disaster after the
Spanish flue in 1918. Millions of people lost their life due to a lack of preparedness and
ineffective strategies for managing humanitarian supply chains (HSC). Based on the learnings
from this pandemic outbreak, different strategies for managing the effective HSC have been
explored in the present context of pandemics through a systematic literature review. The
findings highlight some of the major challenges faced during the COVID-19 pandemic, such
as lack of planning and preparedness, extended shortages of essential lifesaving items,
inadequate lab capacity, lack of transparency and visibility, inefficient distribution network,
high response time, dependencies on single sourcing for the medical equipment and medicines,
lack of the right information on time, and lack of awareness about the protocol for the treatment
of the viral disease. Some of the significant learnings observed from this analysis are the use
of multiple sourcing of essential items, joint procurement, improving collaboration among all
stakeholders, applications of 10T and blockchain technologies for improving tracking and
traceability of essential commodities, application of data analytics tools for accurate prediction
of next possible COVID wave/disruptions and optimization of distribution network. Limited
studies are focused on finding solutions to these problems in managing HSC. Therefore, as a
future scope, researchers could find solutions to optimizing the distribution network in context
to pandemics, improving tracing and tracking of items during sudden demand, improving trust

and collaborations among different agencies involved in HSC.

Keywords: COVID-19, Humanitarian supply chains, Poverty and Food Security, Swift Trust,

Prepositioning, Coordination, Collaboration, Systematic literature review.
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1. Introduction

The COVID-19 pandemic has caused many disruptions in business and society. It may be
considered as the most severe pandemics of this century. Pandemics differ from other disasters
in complicacy, information needs and types, the pace of change and impact, and impact for an
extended period (Thompson and Anderson, 2021). Pandemics may result in social and
economic disruption due to sudden illness and mortality. In general, humanitarian logistics and
supply chain management (HLSCM) mainly focus on lifesaving operations after a natural
disaster (Kunz and Reiner, 2012). Sokat and Atlay (2021) have highlighted the uniqueness of
the vulnerable groups and conducted a literature review to identify the research needs in
HLSCM. They observed that no literature is available within the HLSCM that focuses on the
uniqueness of the vulnerable groups, risk factors, and the way to mitigate them. The vulnerable
people are at high risk of this pandemic, as they do not have proper access to healthcare and
social services. Till August 30, 2021, the outbreak of COVID-19 has affected 221 countries of
the world and caused the death of millions of the people (Worldometers, 2021). It has a global
impact on most countries' socio-economic conditions due to the lockdown, social distancing,
logistics disruption, export-import disruption, and supply and distribution uncertainties. The
outbreak of COVID-19 poses a significant challenge for the humanitarian organization to

address the various issues related to the relief operations.

The severity of different pandemics depends on their novelty and uniqueness. Various strains
of the coronavirus have been found across the world. COVID-19 is the seventh identified
coronavirus infecting humans’ respiratory tract and lungs in the last two decades (Burki, 2020).
The fungal infection of the sinuses is challenging to treat and is often fatal (BMJ, 2021). Yet,
COVID-19 s not fully understood, and some precautions such as social distancing, lockdowns,
stay-at-home, use of mask and sanitizer have been prescribed. However, many vaccines are in
use, but the effectiveness of the vaccinations is not yet evident. The different companies claim

effectiveness as per their experimentation and observation.

Including health and medical issues, COVID-19 has restricted many business and personal
activities of the people such as tourism, education, export-import, production, social gathering,
movement, etc. The changing demand pattern has affected demand forecasting, manufacturing
and supply lead time, inventory management, sourcing strategies, etc. Karuppiah et al. (2021)

reviewed the impact of COVID-19 on health, economic, social, and industrial activities. They
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identified twenty critical challenges in sustainable humanitarian supply chain management.
The analysis found the five most significant challenges: problem in facility location, short lead
time for emergency supply, the spread of rumours, the rapid emergence of new clusters, and
doubt concerned with the available remedies. They recommended public-private partnership

as the best strategy to meet these challenges.

Malmir and Zobel (2021) proposed a mathematical model for minimizing the total cost of
delivering humanitarian aids for the pandemic relief, focusing on sustainable operations, total
transportation and delivery costs, and equity and deprivation costs. They covered the social
costs in their model in terms of deprivation and equity cost so that a manager could respond to
the pandemic outbreaks in the best possible ways. Farooq et al. (2021) proposed a framework
emphasizing the integration of Industry 4.0 technologies, resilience strategies, and
sustainability to overcome the impact of the pandemic. Based on the exploration of the possible
contribution of HSC in reducing the impact of COVID-19, the following research question is

proposed.

RQ1: How does the HSC address the issues related to pandemic outbreak of COVID-19 to
reduce the suffering of the people and fulfill their needs.

The ripple effect of COVID-19 has spread across the industry. It has a cascading effect
extending through various sectors in a supply chain. The supply of essential items was utterly
disrupted due to lockdown and worldwide restrictions on the free flow of goods and services
(Ivanov, 2020a). Due to restrictions on export and import, businesses had to put the flow of
raw material on hold, which led to a huge shortage of supply of the goods and increased the
cost (Dolguiet al., 2020). On the other hand, sales were dramatically reduced due to decreased
demand for many perishable items and uneven distribution (Magzter, 2020). Also, it led to the
wastage of these items. The occurrence of the COVID-19 pandemic has exposed challenges of
the humanitarian supply chain due to shortage and disruption of supplies of essential items such
as PPEs (personal protective equipment), testing kits, ventilators, hospital beds, oxygen
cylinders, and vaccines. A chaotic situation was observed due to poor communication,
contradictory and insufficient information, confusion among first responders and citizens, and
lack of resources. These issues led to slow relief, resulting in prolonged suffering and increased
deaths. HSCs (Humanitarian Supply Chains) mainly focus on saving lives while responding to
disasters and emergencies and are characterized by turbulence, uncertainties, and complex

dynamic environments (Day et al., 2012; Van Wassenhove, 2006). Based on the difficulties in
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managing the HSC during the peak time of COVID-19, the following research question is

proposed.
RQ2: What are the main challenges in managing HSC during the COVID-19 pandemic.

Due to restrictions on movement, over control/restriction on travel, shortages in labor and
materials, COVID-19 became a serious threat to the life of human beings (Kumar and Singh,
2021a). Unlike SARS or even Ebola, the COVID-19 has disrupted global supply chains as well
as humanitarian supply chains. Some of the main challenges influencing the performance of
humanitarian supply chains are the poor resource infrastructure, high dependency on donor
funding, demand uncertainty, and lack of resources (Kovacs & Spens, 2007; Balcik & Beamon,
2008; Gatignon et al., 2010). Limited research has been done on using insights emerging from
COVID 19 for managing HSC. Thus, it is an opportunity to learn new scenarios emerging after
the COVID-19 outbreak. Therefore, we are also trying to answer the following research

question in our study.

RQ3: What are the learnings from COVID-19 for future research directions in context to
HSC.

The recent episode of pandemic outbreak has increased the global burden on humanitarian
efforts. The increasing role of HSC may be observed in the outbreaks of epidemics such as
SARS (2002-03), Swine Flu-H1N1 virus (2009-10), Ebola (2015-16), MERS (2015-16), and
now COVID-19 (2019 to present). In this paper, a systematic literature review (SLR) is used
to make the required observations and determine future research directions. It has a long
tradition to summarize the results of existing research and propose the hypothesis. The SLR
has been recently used successfully in the HSCs context (Mari¢ et al., 2021; Queiroz et al.,
2020, Dubey et al., 2015).

The organization of the paper is as follows: Section 2 highlights the research methodology,
Section 3 represents the findings and content analysis of the literature, Section 4 deals with
learnings from COVID-19, Section 5 elaborates the research gaps and directions for future
research. Section 5 concludes the research. This study will contribute to identifying new
challenges during the pandemic and possible strategies for managing HSC during such

uncertain times.
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2. Research methodology

As a first step, the scope of the study considering the interdisciplinary approach is defined.
Before exploring the literature on the research articles on the issues related to the pandemic
outbreak, we used a grounded theory approach to understand participants’ observation toward
COVID-19 and its impact. Grounded theory is based on the approach of naturalistic inquiry
and inductive data analysis. Grounded theory discovers new theoretical insights and
innovations avoiding the traditional logical deductive reasoning (Connell and Lowe, 1997);

and it is considered to be “emergent explicit” (Martin and Woodside, 2008).

According to Nunkoo and Ramkissoon (2016), the sampling process in grounded theory
research is based on concepts, properties, dimensions, and characteristics, not on the samples
of specific groups and units of time. Due to lockdown and imposition of social distancing, it
could not be possible to conduct face-to-face interviews of the participants, logisticians, and
sufferers of COVID-19. Online interviews were conducted to know the opinion and
observation of the people regarding the humanitarian issues. Interviews were conducted with
12 participants. Out of 12 participants, five experts were working as volunteers in humanitarian
supply chains, four experts had suffered from COVID-19. They were cured after treatment,
and three experts were working as medical practitioners. Many open-ended questions were
asked from the experts, which are not generally found in the research article. Some important
component of the research questions are the attitude and motivation of the medical practitioners
to help the COVID-19 patients, unavailability of beds in hospitals, unavailability of medicines,
lack of oxygen supply, shortage of ventilators, the effectiveness of home quarantine and
telemedicine, unavailability of vaccines, food supply, etc. In addition, we also consulted many

news articles, news channels, social media, etc.

The concept of the humanitarian supply chain and its application in epidemic/pandemic
outbreaks have become more important for the last two decades. Its development is closely
integrated with the development of supply chain management. Earlier, it was simply managed
as disaster/relief management without using the Humanitarian supply chain or humanitarian
logistics management concepts. In recent years, the outbreak of COVID-19 has been
considered one of the most dangerous infectious diseases, which has led to the death of more

than 4.51 million people worldwide, as shown in Table 1.
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Table 1: Some major epidemics/pandemics across the world

Name of the
\_(ears/ Dura Epidemics/ | Causes Death Region References
tion . (Approx)
pandemics
2019- COVID-19 | Coronavirus 451 M Worldwide Worldometers
present (2021)
Virus / . Pandey and
1981-present | HIV/AIDS Chimpanzees 25-35M Worldwide Galvani (2019)
i Hong Kong | Influenza i . Akin and Gozel
1968-1969 Flu AJH3N2 1-4M Worldwide (2020)
. Influenza . Antonovics et
1918-1920 Spanish flu A/HINL 40-50M Worldwide al. (2006)
Mexico - . Acufia-Soto et
1519-1520 smallpox Smallpox 5-8 million | Mexico al. (2002)
1346-1353 | Black Death | BUPONIC 75-200M | EUTOP A hwite (2014)
plague North America
Plague of Influenza Europe and Mordechai et
541-549 Justinian A/HIN1 15-100M \west Asia al. (2019)
Antonine Smallpox or . Yapijakis
165-180 Plague measles 5-10 M Roman Empire (2009)

For the systematic literature review, we have used the concepts of the grounded theory

proposed by Wolfswinke et al. (2013). The entire literature review is divided into the following

five steps.

e Planning: Grounded theory and literature review were planned to connect the

humanitarian issues with the impact of COVID-19.

e ldentifying: Some keywords such as an epidemic, pandemic, coronavirus, COVID-19,

humanitarian supply chains, and humanitarian logistics were searched on the Scopus

database.

e Evaluating: The research articles were sorted based on abstract reading and then final

full paper readings.

e Collecting/combining — From these research articles sorted out from the literature is

used to find out the challenges faced in Humanitarian supply chains during the

outbreaks of COVID-19, and some significant learnings are outlined.
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e Explaining and Summarizing: Some major research gaps are identified, and directions

of future research are proposed.

For ensuring the objectivity and reliability of the entire process, a research protocol is
developed, as shown in Table 2 (Queiroz et al., 2020). In the second stage, based on the
research protocol, many research articles were identified. Only those journals are retained that
are indexed by Scopus. The conference papers are not included in this study. Both conceptual
and empirical types of papers from the journals are considered in this literature review.
Moreover, to extract data and explore the papers, the POP (Publish or Perish) software (De
Rond and Miller, 2005) and VOSviewer (Yu et al., 2020) for network analysis are used. At a
third stage, the main findings from the analysis of papers are reported. Using the systematic
literature review (SLR) methodology, several insights are unveiled into the knowledge
literature. Figure 1 highlights the main schematic flow diagram of the review process. Finally,
we have shortlisted forty-six research papers for this SLR. Detail of these research papers is
also given in Appendix A. As this SLR is in context to current Covid 19 problem, we have also

referred some news articles and reports as given in Appendix B.

Table 2: Research protocol for literature review

S. No. Research Protocol Detailed description

1. Research database: Scopus database

2. Publication type: Peer-reviewed journals (Scopus Indexed)

3. Language: English

4, Date Range: January 2012- March 12, 2021

5. Search filed: Titles, abstracts, and keywords.

6. Search terms applied in Titlesin “epidemic” OR “pandemic” OR “COVID 19” or
Scopus database and titles, “coronavirus” AND “humanitarian supply
abstract, and keywords in POP:  chains”.

7. Criteria for inclusion: Papers that presented some outbreaks in a

humanitarian context.

8. Criteria for exclusion: Papers that presented some outbreak discussion

purely without humanitarian concern.

9. Data and network analysis: Used VOSviewer software

7
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Systematic Literature Review

y

Scopus Database

Papers = 166

\ 4

Reading Title and Abstract

Papers =87

Full Paper Reading

Papers =55

Quality Assessment

A

Final Selection = 46 papers

Figure 1: Research protocol for SLR
3. Research findings and analysis

Research findings have been analyzed in two parts. The first part deals with descriptive
analysis, and the second part deals with theoretical analysis.

3.1 Descriptive analysis

In this section, we are trying to do a descriptive analysis of papers published in different
journals in area of study. Figure 2 shows the number of research articles published in each
journal. It is observed that Annals of Operations Research (ANOR) has published the highest
number of research papers. Apart from ANOR, the Journal of Humanitarian Logistics and
Supply Chain Management (JHLSCM) also represents most publications in this domain. Other
journals publishing articles related to the pandemic and humanitarian supply chains are
Benchmarking: An International Journal, International Journal of Production Economics,
International Journal of Production Research, International Journal of Information
Management, Journal of Supply Chain Management, and Transportation Research Part E.
Although, many journals have published articles related to pandemics, but their focus is entirely

different from humanitarian issues. Some journal focuses on medicines and others on
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operations and supply chains and some other issues. Therefore, we have mainly considered

publications related to pandemics.
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Figure 2: Publications by journals

Figure 3 shows the network visualization of authors and co-authors. Humanitarian Supply
Chain Management is a relatively new area of research. Very few authors have contributed
to the research in this area. It can be observed that most of the publications related to the
humanitarian issues in pandemics have been published within two years (2020-21). Figure
4 shows the year-wise publication of the articles related to Humanitarian supply chains and

pandemics.
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Similarly, if the publications are analyzed in terms of countries, the US is first in this
dimension, followed by the United Kingdom and India, as shown in Figure 5. Other leading
countries publishing the articles on HLSCM and Pandemics are Germany, France, China,

Australia, Brazil, Italy, Iran, and Norway.
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Figure 5: Publications by different countries

Figure 6 shows keyword dynamics. These are acquired from the titles of references from
our dataset of 46 papers considered for review. In this word treemap, the size of circles
shows the frequency of keywords, and the color indicates the relationship between them.

The role of word segments such as “COVID-19," "humanitarian logistics,” "supply chain,"
"disaster management,” "supply chain management,” and "humanitarian supply chains” is
reasonably identifiable. In the other smaller sizes of circles, various other related words

such as "ripple effect,” "sustainability," "collaboration,” and "countermeasure™ are shown.

There is a trend to use Coronavirus and COVID-19 interchangeably, but we can also notice
the growth of other interesting topics related to “Coronavirus and COVID-19”, such as
“emergency response,” “disaster communication," “causalities,” and "collaborative
forecasting." In the other smaller size circles, we have many related terms. Taking into
account the word dynamics, we observe, "COVID 19” and “Humanitarian Logistics” are
well-explored topics due to their variations (e.g., disaster management, emergency

response, risks, countermeasures, etc.).

11
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Figure 6: Keyword dynamics using VOS viewer
3.2 Theoretical underpinning

In this study, we have tried to analyze mainly challenges faced by HSC during COVID-19 and

possible learnings after these challenges.
3.21 Challenges in HSC during COVID-19

From an exhaustive literature review of recent research articles, we have tried to identify and

analyze challenges in humanitarian supply chains observed during COVID-19 as follows:

(i) Lack of planning and preparedness: 2020 is known as the year of testing pandemic
preparedness. Failure to contain the spread of the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) exposed the unpreparedness of different agencies involved in
HSC. SARS-CoV-2 probably leaked over to humans and caused a pneumonia outbreak in
Wuhan (Hubei, China) in December 2019 (Villa et al., 2020). In the case of the COVID-19
outbreak, the timely reporting by China was not followed, and the governments across different
countries overlooked the menace posed by COVID-19. It was observed that many governments

were not adequately prepared to respond and address the issues of the COVID-19 pandemic

12
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(Lancet, 2020). They missed a strategic plan for the pandemic response ready to be adapted
and implemented against the threat of COVID-19. There is the need to establish a proper
national preparedness plan even if the next pandemic may not appear for some years. The lack
of a national response strategy led a mass confusion among the responders at the federal, state,
and local levels of different governments. The Centres for Disease Control and hospitals did

not anticipate the nature of the virus and so could not respond adequately.

(if) Extended shortages: During the first wave of COVID 19, all hospitals and health centers
were facing a shortage of various medical equipment such as N95 masks and PPE Kits, among
others. Even after one year of the COVID outbreak, i.e., during the second wave of COVID-
19 in India, the hospitals were facing a shortage of oxygen supply, beds, ventilators, and
vaccines. Many other countries were also facing similar problems but not so acute. Even in the
developed countries like the US, the Department of Health and Human Services resonated with
the urgent calls from hospitals for more PPEs, as they expected their stocks’ depletion as cases
continued to increase (HHS, 2020). Delay of 3-6 months for N95 masks was reported, and
supply was insufficient per demand (CBS News, 2020a, b). Due to high demand and less
production of vaccines and stage-wise supply of the vaccines for a different category of the

people, the distribution of the vaccines becomes very difficult and results in a shortage of
supply.

(iii) Inadequate lab capacity: In March 2020, India had only 14 RT-PCR testing labs, and by
the end of the month, 106 Virus Research & Diagnostic Laboratories (VRDLs) were added. By
July 2020, India had 1,600 RT-PCR labs. The number of daily tests shot up from 1,500 in April
to 200,000 in June and 1 million in October 2020. The first wave of COVID-19 subsided in
November; at that time, India had only 2,257 COVID-19 testing labs. The average waiting time
for getting test results was 12-24 hours. However, from December 2020 to May 2021, only 249
new COVID-19 testing labs were added. With the alarming spread of the virus in the second
wave, the country's labs could not give results within the same time frame of 12-24 hours. Labs
across different cities of India such as Delhi, Mumbai, Noida, Lucknow, and Kolkata were
taking an average of 3-5 days to give test results (Acharjee, May 10, 2021). Similar situations
were also observed in the US. Many people needing testing had to wait for more than a week
to receive the diagnosis and its report. In some cases, testing was too late. In Denver, the state
testing lab, including other labs, ran out of testing kits, and a shipment was delayed (Doyle,
2020). Many countries were facing a shortage of testing kits and inadequate lab capacity during
2020-21.

13
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(iv) Lack of supply of COVID-19 vaccines: COVID-19 vaccines have brought a ray of hope
to people for returning to normalcy after a long period of lockdown (Warren and Lofstedt,
2021). Many manufacturing companies are trying to develop, manufacture, and fulfill the need
for COVID-19 vaccines (Kim et al., 2021). The volume required for the vaccines is very high,
considering, on average, two doses for each individual. To cover vaccination for 100% of the
world’s population, it is approximated that 16-20 billion doses are required for the current
population of approximately 7 billion (Rele, 2020). The development of vaccines requires
considerable time because they must be effective and safe (Singh and Mehta, 2016).

Availability of vaccines is critical to reducing the potential losses from the pandemic.
Governments and academic institutions will have to plan to make the availability of vaccines
for the general public (Ocampo and Yamagishi, 2020). The bottlenecks in the development and
deployment of the vaccines are to be removed (Rele, 2020). Guttieres et al. (2021) and Abbasi
et al. (2020) proposed a framework for COVID-19 vaccination strategies considering the
allocation and distribution of the COVD-19 vaccines. The three main phases of vaccines
manufacturing are development, dissemination, and distribution (Forman et al., 2021). These
three phases are composed of ensuring the continued growth of vaccine candidates,

authorization, production, distribution, administering, and monitoring existing vaccines.

(v) Lack of awareness and hesitancy in acceptance of the vaccines: The success of any
vaccination drive depends on its coverage and acceptance rate (Pogue et al., 2020). There might
be different concerns of the people regarding the vaccines (Dror et al., 2020). For wide
coverage of the population by vaccination and to avoid hesitancy towards the vaccine, it is
necessary to understand peoples’ views regarding the vaccine. In the first phase of the COVID-
19 vaccination, the healthcare and frontline workers were hesitant to receive the vaccine due

to many reasons (The Wire, January 21, 2021).

Experience shows that the uptake of vaccines is more complex. Vaccine uptake and the wider
acceptance of vaccines is a social endeavor that requires consideration of human factors.
Sponsors need to do critical investigations on human factors related to vaccine acceptance and
for public health authorities and other stakeholders to act on this research's social and

behavioral findings (Schoch-Spana et al., 2020).

(vi) Need for Home-based-primary care services: Due to mass suffering from COVID-19 and
insufficient facilities in hospitals, the governments started to provide home-based primary care

(HBPC) services. Also, a large section of the population is either homebound or needs the
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assistance of another person to leave their homes (Ornstein et al., 2015). In this situation, HBPC
provides facilities for such patients to access the required medical care in their homes (Totten
et al., 2016; Stall et al., 2014). HBPC reduces the emergency department visits, minimizes the
iatrogenic COVID-19 exposure, boosts COVID-19 testing, addresses chronic medical issues,
and prevents the escalation of the diseases. Since a large number of hospitals are declared as
COVID hospitals (Pisano et al., 2020). The main challenges observed in HBPC are lack of
familiarity of the patients with telemedicine, patient anxiety, clinician anxiety, technical
difficulties in reaching the patients, and supply shortages, including masks, gowns, and
disinfecting materials (Ritchie, 2021).

(vii) Lack of application of advanced technologies: Some advanced technologies are available
that can be used to mitigate the risk related to the COVID-19. Abd-alrazaq et al. (2020)
suggested the use of blockchain technology to fight against the COVID-19. According to them,
no comprehensive reviews were conducted to uncover the blockchain solutions to improve the
public health efforts against COVID-19. The most prominent use of blockchain technology is
contact tracing (a process wherein individuals who have been in close contact with those who
have tested positive for COVID-19 are identified) (Xu et al. 2020; Choudhury et al., 2021),
immunity passports (an individual is a disease risk-free because he has already been infected
with COVID-19 or was given a COVID-19 vaccine) (Eisenstadt et al., 2020), telemedical
laboratory services (Celesti et al., 2020), social distancing (Garg et al., 2020), securely sharing
patients’ data (Khatoon, 2020), monitoring isolated people (Zheng et al., 2020), tracking and
monitoring the COVID-19 status through a trusted source (Marbouh et al., 2020) and, tracking
and controlling the delivery of a COVID-19 vaccine (Ramirez and Beltran, 2020).

According to Kumar et al. (2020a), Industry 4.0 and the Internet of Things (1oT) (Narwane et
al., 2020) offer excellent support for communication in the value chain. It can stop wrong
interpretations of information shared among different agencies. The application of 10T can be
used for the better care of the patient during the COVID-19 pandemic. Real-time monitoring
of the patients suffering from another disease during the COVID-19 period (when most of the
hospitals were declared as COVID hospitals) can be possible with the use of 10T. Smart medical
devices can be accessed through a smartphone to transfer the required health data to the
physician quickly. These devices can also collect oxygen levels, blood pressure, weight, sugar
level, etc. (Javaid and Khan, 2021). Tareq et al. (2021) suggested that additive manufacturing
technology can be used to rapidly produce medical equipment such as ventilators,

nasopharyngeal swabs and PPE, face masks, and face shields on time with customization.
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(viii) Lack of supply of medical oxygen: The availability of the medical oxygen required for
sick patients is not always straightforward. The patients with moderate-severe COVID-19 may
require supplemental oxygen using face masks with oxygen flow up to around 5-6 L
O2/minute. Flow rates can be adjusted by monitoring the oxygen level using pulse oximetry.
The level of oxygen (SpO2) must be above 88% in COVID-19. If the patient shows a
desaturation level less than 88% for prolonged periods, oxygen supply to the patient can be
enhanced by using a non-rebreathing mask. This can provide a fraction of inspired oxygen
(FiO2) of 0.6-0.8 and needs an oxygen flow from the oxygen cylinder or piped oxygen of
minimal 10 —15 L/minute (Dondorp et al., 2020).

There are many ways to supply oxygen to patients. The main source of the oxygen supply is
oxygen manufacturing plants, transported to the hospitals in the liquid form. It is vaporized and
piped to the patient who needs it. Some hospitals also use the oxygen concentrator, but it is
limited to supply the oxygen to only moderate patients (The Wire, April 24, 2021). The wire
(May 7, 2021) reported the details of 178 deaths due to the shortage of supply in hospitals in
India. Many hospitals in India were facing an acute shortage of oxygen during the second wave
in May 2021. India’s daily oxygen production capacity is 7,127 metric tonnes, consumption is
only 3,842 metric tonnes as per the data released by the Indian government at the beginning of
April 2021, but suddenly oxygen demand increased in different states, and many hospitals
faced problems due to short supply of oxygen (Bhuyan, 2021).

(ix) Medical waste disposal crisis: During Covid-19, wide distribution of infectious materials
in the form of used facemasks, gloves, and protective equipment, including food and plastic
wastes, was found. Sources of these wastes are hospitals, health care centers, and quarantined
households. The waste treatment plants were disrupted and forced for emergency treatment and
disposals. In Wuhan city, medical waste radically increased from 40 tons/day to about 240
tons/day, exceeding the medical waste treatment capacity of 49 tons/day (Hantoko et al., 2021).
It is suggested to collect the medical waste separately. However, the separate medical waste
collection and treatment is challenging and needs strong coordination between health

authorities and waste service management.

In many developing countries, solid wastes, including medical wastes, are discharged in open
dumping or in unsanitary landfills where waste scavengers collect recyclable materials without
using protective tools (Nzediegwu and Chang, 2020). Also, livestock such as cows, goats, and
dogs use the poorly managed landfills as their “food source”, which may lead to the spread of
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diseases, including COVID-19. The COVID-19 related medical wastes must be packaged with
double-layer medical waste bags and labeled as “COVID-19 infection” (Peng et al., 2020). The
disinfectants should decontaminate the surface of bags before putting them into a medical
container (Wang et al., 2020). The generated waste from the infected homes should also be

double-layer packed and sealed before storing them in collection bins.

(x) Issues related to reliability of RT-PCR test: RT-PCR (real-time polymerase chain reaction)
is used to test the infection of the COVID-19 virus. Although only 45-60% sensitivity of the
test is reported (Dong et al., 2021) under the RT-PCR test, the examination of nasal and
oropharyngeal swabs, nasopharyngeal washing, or aspirate is primarily recommended as a
diagnosis of COVID-19 (Esbin et al., 2020). In the five different studies covering 957 suspected
or confirmed patients of COVID-19, the false-negative rate ranged from 2% to 29 % (Arevalo-
Rodriguez et al., 2020). False-negative results of true infected cases are considered disease-
free and lead to transmitting the disease unintentionally. Unfortunately, another single
molecular test also cannot guarantee the infection-free status for a suspected case. The false-
negative rate of the RT-PCR test can also occur sometimes due to reasons such as viral load
(Thompson and Lei, 2020), denaturation or degradation of RNA due to improper manipulation
or storage (Karthik et al., 2020), replication of viral loads for a specific period, variation in

viral load in different specimens of the same patient (Mallett et al., 2020).

(xi) Requirement of budgeting and rebudgeting by the Government: The processes of
budgeting and reporting are to be reconsidered to tackle the challenges of COVID-19.
Governments are required to put a strong effort into the preventive and supporting roles of
budgeting to lessen the public organizations’ exposure to shocks and for supporting resilience.
COVID-19 has a significant impact on the budgeting process. The immediate effect has been
in the form of rebudgeting (an act to amend the budget during the financial year) (Anessi-
Pessina et al., 2012). In the next few years, rebudgeting is likely to be continued to face the
uncertainty produced by the pandemic. The changing variants of the coronavirus pose a strong
challenge to the budgeting processes. The budgeting and rebudgeting processes must be
flexible and strategic to tackle the challenges of COVID-19 (Anessi-Pessina et al., 2020).

(xii) Collaborative approach for managing inventory and demand forecasting: COVID-19
Pandemic leads to the creation of unanticipated demand shocks, stockouts, and disruption of
healthcare supply chains due to the severe impact on availability, access, and affordability of
medical items (Friday et al. 2021). Most of the research articles on managing medical stocks
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focus on traditional methods such as minimizing the cost and maximizing profit. It leads to
stochastic and periodic reviews, vendor-managed inventory, and the use of radio-frequency
identification (Jabbarzadeh et al., 2019). However, in the context of pandemics, governments,
relief organizations, and individuals deal with clogged inventory processes. Access to the
optimal medical stocks during a pandemic supersedes costs and profits. The risks related to
stockouts can be avoided if the medicine management follows a collaborative process planning

among the key stakeholders for inventory management (Nematollahi et al., 2018).

In both humanitarian and healthcare supply chains, demand to forecast and planning face
problems due to lack of data availability, limited quality control, time-wastage, and error-prone
supply chains (van der Laan et al., 2016). The overestimation of medical stocks is preferred in
humanitarian supply chains, which contradicts the purpose of commercial supply chains to
reduce the inventory and improve customer satisfaction. The adverse effect of the overstocking
of medical items in the healthcare supply chain deteriorates due to the lack of collaborative
planning, forecasting, and replenishment (CPFR) practices (Panahifar et al., 2015). Rustam et
al. (2020) advocate the applications of machine learning models in the forecasting of upcoming
COVID-19 affected patients. They have used four standard forecasting models: linear
regression, least absolute shrinkage, selection operator, support vector machine, and
exponential smoothing to forecast the threatening factors of COVID-19. The threatening

factors were newly confirmed cases, the number of deaths, and the number of recoveries.

(xiii) Poverty and Food insecurity: A large section of the world population is maintaining
some forms of social distancing to contain the health crisis. As a result, millions of businesses
closed their activities. A large number of workers became unemployed. The government of
developed countries like the USA and the UK has promised to compensate for the income
losses of businesses and workers and to contain an inevitable economic crisis. But the relief

responses of low- and middle-income countries are limited (Laborde et al., 2020).

The lack of food security and increasing poverty is a major issue for underdeveloped and
developing countries (Kumar and Singh, 2021a). Low-income countries are facing challenges
related to ensuring the availability of nutritious and safe food to poor people (Pingali et al.,
2017). The availability of food grains is crucial because a large section of the population cannot
get the food (Clapp 2017). The central and state governments share the responsibility to provide
food grains to the targeted population (Reardon et al. 2019).
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(xiv) Lack of skilled manpower: Increasing community transmission of COVID-19 infections,
inadequate testing capacity, and overwhelming health resources lead to the shortages of the
skilled health workforce. To fulfill the requirement of a skilled health workforce, it is necessary
to bring community health workers (CHW) on board (Ajisegiri et al., 2020). Engagement of
the CHW should be done at the earlier stage to hamper outbreak response and primary health
services. The shortages of skilled workforce are also observed in other sectors due to social
distancing, lockdown, and government instruction to use only one-third of the workers at a
time. Kumar and Singh (2021a) have highlighted the issue of shortage and migration of the
skilled workforce in agri-food supply chains due to the outbreak of COVID-19.

All the challenges as discussed above in context to humanitarian supply chains because of the

pandemic are summarized in Table 3.

Table 3: Challenges in Humanitarian supply chain during COVID-19

Challenges References Description
Lack of planning Villa et al. (2020), This is concerned with the failure of the
and preparedness Lancet (2020). policy to contain the spread of COVID-19

and poor preparedness to face the
challenges of the pandemic outbreak.
Extended shortages = HHS (2020), CBS This is related to the shortages of medical
News (2020a, b). and other relief items such as N95 masks,
PPE kits, medicine, ventilators, oxygen
cylinders, etc.

Inadequate lab Acharjee (May 10, It means the available capacity of the lab
capacity 2021), for COVID-19 testing is not sufficient,
Doyle (2020). and it delays the report of the testing.

Lack of supply of Rele (2020), Singh and  Due to the lack of supply of COVID-19
COVID-19 vaccines Mehta (2016), Ocampo  vaccines, the distribution is managed in
and Yamagishi (2020),  gifferent phases. In the first phase, the
ﬁ?abrﬁséte;él('z(gg 12)0 ) vaccines are provided to health workers
and people above 60 years. The second
phase is considered for people of more
than 45 years, and the third phase is for
people of more than 18 years.

Lack of awareness Pogue et al. (2020), Lack of awareness and hesitancy in

and hesitancy in Dror et al. (2020), acceptance of the vaccines defeat the
acceptance of the Schoch-Spana et al. purpose of vaccination. It is necessary to
vaccines (2020). address the concerns of the population

and bridge the communication gaps.
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Need of Home-
based-primary care
services (HBPC)

Lack of application
of advanced
technologies

Lack of supply of
medical oxygen

Medical waste
disposal crisis

Issues related to
reliability of RT-
PCR test

Requirement of
budgeting and
rebudgeting by the
government

A collaborative
approach to
maintaining optimal
inventory and
demand forecasting
for humanitarian
logistics

Ornstein et al. (2015),
Totten et al. (2016),
Stall et al. (2014),
Pisano et al. (2020).

Abd-alrazaq et al.
(2020),

Kumar et al. (2020a),
Narwane et al. (2020),
Tareq et al. (2021),
Javaid and Khan
(2021).

Dondorp et al. (2020),
The Wire (April 24,
2021)

Hantoko et al. (2021),
Nzediegwu and Chang
(2020), Wang et al.
(2020).

Esbin et al. (2020),
Dong et al. (2021),
Arevalo-Rodriguez et
al. (2020), Thompson
and Lei (2020)

Anessi-Pessina et al.

(2012), Anessi-Pessina

et al. (2020).

Friday et al. (2021),
Jabbarzadeh et al.
(2019), van der Laan et
al. (2016), Panahifar et
al. (2015), Rustam et
al. (2020).
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Due to shortages of beds, hospitals and
healthcare facilities are provided to only
critical patients. The moderate patients are
suggested to home quarantine and get the
services of HBPC.

It is concerned with the application of
Blockchain technology, 10T, Big data
analytics, Cloud of Things, Additive
manufacturing in data monitoring,
telemedicine, home care of patients, and
rapid production of medical equipment.
The lack of supply of oxygen cylinders
was observed in the second phase of
COVID-19 in India. Due to uneven
distribution and an increase in a sudden
demand for oxygen cylinders, many
hospitals run out of oxygen, resulting in
the death of many patients in different
hospitals.

COVID-19 medical wastes are highly
infectious, and separate treatment of the
medical waste and other waste became
challenging for developing and low-
income countries.

The sensitivity of the RT-PCR test is
limited to only 45-60%, and the false-
negative rate ranged from 2% to 29 %.
Thus, it also threatens to spread the virus
through the infected people as they
declared false negatives.

Rebudgeting is an act to amend the budget
during the financial year to meet the
immediate impact of COVID-19. Due to
uncertainty in the spread of the pandemic,
special budgeting and rebudgeting are
required to meet the challenges.

It is concerned with the collaborative
decision-making related to inventory
management of the medical items and
forecasting the pandemics' spread.
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Poverty and Food Laborde et al. (2020), The poverty level has increased due to the
insecurity Kumar and Singh disruption of all the business and
(2021a), Pingali etal. 64y ction activities. Unemployment has

(2017), Clapp (2017), . .
Reardon et al, (2019) also increased, which leads to food

Kumar et al. (2020b). security problems among poor people.

Lack of skilled Ajisegiri et al. (2020),  Due to the sudden outbreak and rapid
manpower Kumar and Singh spread of the coronavirus, the demand for
(2021a). skilled manpower is increased. On the

other hand, due to social distancing,
lockdown, and migration of workers, lack
of availability of workers has been
observed.

3.2.2 Learnings from COVID-19

The severe impact of disasters across the world has attracted the attention of governments,
policymakers, non-governmental organizations, and scholars (Dubey et al., 2019a). The
pandemic COVID-19 has not only affected the business of several organizations, but it also
affected the social and personal life of the people globally across all countries. Many
organizations stopped their operations due to a shortage of resources required. Recently, many
research articles covering COVID-19 have discussed chaotic situations and their impact on the
lives of people. After analyzing challenges, we are discussing some of the learnings for
managing HSC in the future.

Preparedness: The preparedness of any system gives the ability to face any kind of disruptions
like the COVID-19 outbreak. Preparedness is equally important for the humanitarian supply
chains and commercial supply chains. This pandemic has taught many lessons to the
management of the organizations and supply chains. It is observed that how the preparedness
of a supply chain is crucial for a health care industry. Supply chains are to be efficiently
managed considering risk and disruption at both supply chain and organizational levels
(Whitten et al., 2012). The COVID-19 pandemic has already exposed the vulnerabilities of
key industry players, especially those who have a high dependence on international trades in

fulfilling their requirements.

Jahre (2017) worked on finding the strategies to improve logistics preparedness in
humanitarian supply chains. He observed that better preparedness improves response even if

there is a trade-off between cost efficiency and flexibility. Logistics preparedness is mainly
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concerned with network design and warehouse location for prepositioning of goods (Kunz and
Reiner, 2012). Prepositioning can be viewed as only one among many strategies for the
strategic stock of medical items, especially in the case of pandemic and disaster management.
Tomasini and Wassenhove (2009) differentiated the characteristics of the humanitarian supply
chain and commercial supply chain. They used the case study methodology to observe the role
of preparedness, response, and collaboration for the private and humanitarian sectors to work
together towards social improvements. They implemented these three agendas (preparedness,
response, and collaboration) to collaborate with humanitarian organizations and private
businesses to develop the case studies. Kovacs and Sigala (2021) discussed the learnings from
HSCs that mitigate the risks and overcome supply chain disruptions. These lessons relate to
preparedness and mobilization, including standardization, innovation, and collaboration.
Logistics preparedness is equally important in commercial as well as humanitarian supply

chains for mobilization of the various resources required.

For a pandemic situation, preparedness must lead to the activities to ensure rapid detection of
cases and comprehensive response. The preparedness includes the response plans, training of
response teams, prepositioning of relief items including medical equipment and medicines, and
preparing treatment centers. These activities may be decentralized rapidly to be ahead of the
spread of the disease (Mobula et al. 2020).

Prepositioning of relief items: In the initial phase of COVID-19, many countries faced a
shortage of medical items such as facemasks, PPE kits, ventilators, oxygen cylinders, etc. The
humanitarian organizations have been using prepositioning the relief items as a crucial strategy
to prepare for disasters including pandemics. Humanitarian organizations carry the
prepositioning inventory of the items either alone or jointly (Toyasaki et al., 2017).
Prepositioning of relief items is an effective method for disaster preparedness (Bai et al., 2018).
Pre-disaster planning and prepositioning the relief items are important in quickly sending the
relief items in the disaster zone (Thomas and Kopczak, 2005). Prepositioning of relief items is
considered a key component of humanitarian logistics (Opit and Nakade, 2015). It is observed
that humanitarian organizations should attempt to hire a strategic warehouse for prepositioning
of relief items (Torabi et al., 2018; Sharifi-Sedeh et al., 2020). Recently, many countries have
started to pre-position ventilators, PPE, therapeutics, and laboratory equipment for the
pandemic response of COVID-19. COVID-19 is not completely eradicated till date i.e. October

2021. The second phase of COVID-19 has already been observed in some countries, and the
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third wave is expected as predicted by experts. In this situation, forecasting the relief/medical

items based on the first and second wave of COVID-19 has become very important.

Joint procurement: It is a long history to use joint procurement in the humanitarian supply
chain (Herlin & Pazirandeh, 2015). In the COVID-19 response, many organizations are using
joint procurement. For example, the International Federation of Red Cross and Red Crescent
Societies (IFRC) coordinates the procurement activities in the Red Cross Movement. Similarly,
the COVAX coordinates the procurement of COVID-19 vaccines and other necessary items
for their administration. Joint purchasing of items leads to low purchase prices, improved
product quality, and long-term relationship with suppliers that reduces the risk of supply
shortage (Schulz and Blecken, 2010). Joint purchasing between multiple humanitarian

organizations is an effective way to manage the purchase of complex products and services.

Multiple sourcing: Before the COVID-19 Pandemic, it has been a general trend to use lean
manufacturing and to reduce the number of suppliers and contract manufacturers (Cozzolino
et al., 2012). However, it does not work when the logistics systems are completely disrupted
(Yang et al., 2019). During the first wave of COVID-19, the entire supply chain was disrupted,
and most of the humanitarian organizations, hospitals, government agencies, and private
organizations were observing the lack of supply of relief items. Now, organizations are not

relying on single suppliers rather planning to take multiple sourcing (Haque & Islam, 2018;

Kovacs and Sigala, 2021).

Needs assessment: There are some general characteristics of the humanitarian supply chains
such as operations in a chaotic environment, unpredictability, uncertainty, rapid changes and
deployment in demand, ad hoc project supply chains, etc. (Sigala et al., 2020). Need assessment
is very important for planning the actions to be taken to fulfill the needs of the beneficiaries. It
is the needs of the beneficiaries in terms of the relief items and locations considering the

vulnerabilities and capacities of the beneficiaries (Blecken, 2010; Kovacs and Sigala, 2021).

Collaboration among partners: Collaboration among private and government agencies has
been very important during the first wave of COVID-19. Many manufacturing organizations
changed their production plans during COVID-19. In some cases, the production changeover
was government initiated to produce respiratory ventilators. For example, Mahindra and
Mahindra have indigenously developed a prototype of a bag valve mask, which is commonly
known as an Ambu bag within the cost of Rs. 7,500 (Mint, March 27, 2020). Maruti Suzuki
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India Ltd signed a Memorandum of Understanding (MoU) with the AgVa on March 30 and
has produced 1,250 ventilators to date (Mint, April 24, 2020).

Reliance Industry Ltd has set up India’s first dedicated coronavirus hospital for 1,000 beds (The Hindu,
March 23, 2020). Similarly, during the second wave of COVID-19 in 2021, many private and public
sector companies started to supply oxygen cylinders to different hospitals in India. Many other
companies observed new business opportunities related to the production of hand sanitizers
and personal protective equipment. Collaboration between different sectors and partnerships
between public and private sectors have become more important for supply chain resilience in

disaster-affected areas (Tomasini & Van Wassenhove, 2009; Van Wassenhove, 2006).

Coordination: A proper coordination among the actors of humanitarian logistics plays an
important role in the relief operations. Sabri et al. (2019) treated it as a fundamental challenge
in a sustainable humanitarian supply chain. It may result in a lack of communication, lack of
clear policies, ineffective distribution of relief items, and stagnation of relief activities (Vega,
2018). Coordination, as a key challenge in humanitarian activities, is a systematic set of
involvements that should safeguard and protect vulnerable groups (Begum and Momen, 2019).
The coordination in the value chain has numerous complications. Saleh and Karia (2020)
interviewed many leaders and highlighted some important directions of the coordination, such
as coordination among the international NGOs, coordination between the existed interagency
platforms, coordination with the wider international NGOs internal structures, and coordination

with the government.

Coordination between the actors engaged in relief operations leads to improvement in the
resilience and efficiency of humanitarian supply chains (Singh et al. 2018). It also leads to
effective and efficient utilization of the resources and minimizes the cost of the other items to
be procured. It also reduces the operational costs and the response time for providing better
services (Akhtar et al. 2012). Balcik et al. (2010) proposed some important factors affecting
coordination. These are “diversity, donors’ expectations, funding structures, competition for
funding, uncertainty, resource scarcity, and oversupply”. Lack of coordination among actors
may result in the prolongation of the suffering of the people (Jin et al. 2015). Dubey et al.
(2018) studied big data and predictive analytics for improving visibility and coordination in
humanitarian supply chains. They found that swift trust is not the condition for improving

coordination among the actors in humanitarian supply chains.
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Swift trust and commitment: Trust is an essential component of both organizational and team
phenomena. Trust affects performance in terms of enhancing intra- and inter-organizational
cooperation, coordination, and control. Swift trust is a presumptive form of trust, and it was
introduced to explain the paradoxical trusting behavior shown by members of new temporary
formed teams (Meyerson et al., 1996; Xu et al., 2007). In these temporary teams, an individual
who had no past working relationships with other members immediately forms trust and
engages himself in trusting behaviors. Swift trust may be defined as the willingness to rely
upon team members to perform their roles in a hastily formed temporary team (Zolin, 2002).
Dubey et al. (2019b) studied the application of big data analytics in enhancing the swift trust
and collaborative performance between civil and military organizations engaged in disaster

relief operations.

Hocutt (1998) defined the term commitment as “the intention to continue a course of action or
activity”. Trust and commitment have been treated as the two most important factors to make
stronger coordination among actors (Conway and Swift, 2000). Wilson (1995) also identified
trust as an important factor for improving a relationship. Miettila and Moller (1990) stated that
trust is the prerequisite for enhancing commitment. Commitment has been observed as a key

driver of coordination (Kabra and Ramesh, 2015).

Risk management: Humanitarian supply chains play an important role in effective and efficient
disaster relief operations. Several risks have been observed in Humanitarian supply chains.
However, there is no common approach, and its applicability has been studied to deal with
these risks through recent cases (Baharmand et al., 2017). Kumar and Singh (2021a) studied
the impact of COVID-19 on agri-food supply chains and observed that import disruptions,
transport restrictions, supply and distribution uncertainties, price volatility, capital shortage,
lack of food securities, etc. are some major issues to manage. Procurement risk is also
highlighted by some of the authors. lakovou et al. (2014) advised dual sourcing as a proactive
risk mitigation sourcing strategy.

Information sharing: Right information at the right time plays a key role in relief operations.
Many sources started to work to spread the information during the disaster and led to a chaotic
situation (Kumar and Singh, 2021b). Information sharing is consistently underestimated in the
HSC (Ergun et al., 2014). Information sharing is an urgent need of humanitarian supply chains.
The real-time data collection and its processing must be reliable and consistent. The

information-sharing develops trust among the humanitarian organizations and actors.
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Information sharing is treated as an important driver of success during a crisis (Gunasekaran
and Ngai, 2003).

Response time: On-time delivery of relief items to the affected people is essential for an
efficient and effective humanitarian supply chain (Abidi et al. 2013). Dubey et al. (2020)
studied the impact of antecedents such as information sharing, supply chain visibility, swift
trust, commitment, and collaboration on the agility of humanitarian supply chains. Dubey and
Gunasekaran (2016) used interpretive structural modeling to link the characteristics of
sustainable humanitarian supply chains in terms of agility, adaptability, and alignment.
Disasters may be divided into two classes: Slow onset disasters and sudden-onset disasters
(Jabbour et al. 2019). In slow-onset disasters, a small duration of time interval is available to
organize the relief operations. But, when sudden-onset disasters occur, a quick response is
required, and no time is available for proper planning and activities. The main requirement
during the crisis is to supply the relief items at the right time in the right location to minimize
the impact of the disasters. The initial few days just after a disaster are crucial to meet the
challenge of providing emergency relief (Tatham and Kovacs 2007). During COVID-19,
response time for the patient needed ventilator support, and oxygen supply were crucial. Thus,

response time is influential in pandemic outbreaks.

Supply chain visibility: Visibility is one of the critical factors for high performance in
commercial as well as humanitarian supply chains (Choi and Sethi, 2010). Visibility is vital
when the actor needs access to information regarding materials/relief items across the supply
chain (Klueber and O’Keefe, 2013). Lack of visibility can result in overstocking of unwanted
items and understocking of urgently needed supplies. Supply chain visibility recently gained
the specific attention of researchers and practitioners. Dubey et al. (2020) found the relationship
between information sharing, supply chain visibility, and swift trust for managing HSC.
Information sharing influences supply chain visibility and develops swift trust among the
humanitarian organizations and actors in disaster relief operations. During the second wave of
COVID-19 in India, lack of visibility and information sharing among stakeholders created
many problems for human beings. All the above learnings identified after the outbreak of
COVID-19 are summarised in Table 4.
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Table 4: Learnings from COVID-19 for managing Humanitarian supply chains

Factors

References

Remarks

Preparedness

Prepositioning of
relief items

Joint
procurement

Multiple
sourcing

Needs
assessment

Collaboration

Coordination

Swift trust and
commitment

Whitten et al. (2012), Jahre
(2017), Tomasini and
Wassenhove (2009), Kovacs
and Sigala (2021), Mobula
et al. (2020).

Toyasaki et al. (2017), Bai
et al. (2018), Torabi et al.
(2018), Sharifi-Sedeh et al.
(2020).

Herlin & Pazirandeh (2015),
Schulz and Blecken (2010).

Cozzolino et al. (2012),
Yang et al. (2019), Haque &
Islam (2018), Kovacs and
Sigala (2021).

Blecken (2010), Kovacs and
Sigala (2021)

Balcik et al. (2010),

Tomasini & Van
Wassenhove (2009), Van
Wassenhove (2006).

Vega (2018), Begum and
Momen (2019), Saleh and
Karia (2020), Balcik et al.
(2010).

Meyerson et al. (1996), Xu
et al. (2007), Hocutt (1998),
Miettila and Moller (1990).
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It leads to the ability to face any emergent
situation. It is concerned with all the
logistics and humanitarian preparation
for the probable disasters.

Prepositioning is a strategy to maintain
the inventory of the relief items at
different locations, either alone or jointly,
to prepare for disasters, including
pandemics.

Joint purchasing of items leads to low
purchase prices, improved product
quality, and long-term relationship with
suppliers that reduces the risk of supply
shortage.

Multiple sourcing is concerned with the
procurement of more than one source to
ensure the on-time supply of the relief
items.

Need assessment is very important for

planning the actions to be taken to fulfill
the needs of the beneficiaries.
Cross-sector collaboration and public-
private sector partnerships become very
important for supply chain resilience in
disaster-affected areas. Many companies
observed new business opportunities
related to the production of medical items
during the pandemics.

Proper coordination among the actors of
humanitarian logistics plays a vital role
in relief operations. It leads to effective
utilization of the resources and
minimizes the cost of the other items to
be procured.

Swift trust is a presumptive form of trust,
and it was introduced to explain the
paradoxical trusting behavior shown by
members of new temporary formed
teams. Commitment is intended to
continue a course of action or activity.
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Trust is the precondition for enhancing

commitment.
Risk Baharmand et al. (2017), Many risks have been observed in
management Kumar and Singh (2021a), Humanitarian supply chains, such as
lakovou et al. (2014). import disruption, transport restriction,

supply and distribution uncertainties,
price volatility, capital shortage, lack of
food securities, etc.

Information Kumar and Singh (2021b), Information sharing is an urgent need of
sharing Ergun et al. (2014), humanitarian  supply chains. The
Gunasekaran and information-sharing  develops  trust
Ngai (2003). among the humanitarian organizations
and actors.
Response time Abidi et al. (2013), Jabbour  Response time is concerned with the
etal. (2019), Tatham and minimum time required to send the relief
Kovacs (2007). to the sufferers. During COVID-19,

response time for the patient needed
ventilator support and oxygen supply
were very crucial.

Supply chain Choi and Sethi (2010), Visibility is vital when the actor needs
visibility Klueber and O’Keefe access to information  regarding
(2013), Dubey et al. (2020).  materials/relief items across the supply

chain.

4. Research gaps and directions for future research

Due to lack of decision-making and medical protocol, the pandemic outbreaks lead to the worst
situation and cause lives of the people in mass. It has been a big question that how to manage
the relief operations so that substantial disruption of humanitarian supply chains can be avoided
without compromising the essential services, including access to health. The availability of the
relief items, including the medical items, is to be insured by the proper inventory management.
During the pandemic, all the different actors try to maintain a high inventory level without
considering the exact demand. This is the second important question, which is concerned with

the strategy to be explored to make an effective inventory planning and demand forecasting.

The pandemic outbreaks cause infectious disease due to which people maintain social
distancing, home quarantine, and other precautions. In this situation, the coordination of the
relief activities among the actors becomes very difficult. This leads to finding a way to improve
the coordination among the aid actors. The application of advanced technology may support

relief operations. These technologies and the mechanism of their implementation are to be
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explored. For example, blockchain technology, 10T, Claud computing, robotic application in
medical waste handling, additive manufacturing in the rapid production of medical items may
be supportive. After analyzing the challenges in Humanitarian supply chains, we have explored
different learnings from the COVID-19 pandemic. Based on the literature, some of the research

gaps, research questions, and future research directions are summarised in Table 5.
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Table 5: Summary of the research gaps, research questions, and future research directions.

Research Gaps/emerging issues

Open research questions

(ORQ)

and opportunities

Future Research Directions

1. Strategy to reduce mortality, and

ensure that vulnerable people,
refugees, and displaced
populations have access to
testing, referral, and definitive
treatment alongside all

populations.

2. Before the COVID-19

pandemic, companies focused

on contract manufacturing, lean

ORQL1: How to avoid the
substantial disruptions to
humanitarian operations
without compromising access
to health and other essential
services, and the ability to
respond to urgent community

needs?

ORQ2: What should be the
strategy for resource sharing

30

COVID-19 has failed the existing approach of lean
operations, single sourcing, and inventory
minimization. Therefore, there is a need for new
business models in the prevailing post COVID
scenario.

During COVID-19, lack of strategy and
unpreparedness of different agencies were observed.
Government and healthcare organizations will have to
find the solution that if a similar type of pandemics
repeats how quickly HSC can be geared up.

Some essential items are to be prepositioned in HSC.
Future research should suggest optimization models to
find the optimum volume of the items and the suitable
locations for prepositions.

Joint procurement of essential items from different
sources and their feasibility during the time of disaster
should be explored as a part of future studies.
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manufacturing, offshoring, and
outsourcing. These strategies
did not work at the time of
disruptions.

. Past epidemic scenarios show

that aid coordination systems
need to improve across agencies

and the UN clusters as a whole.

. The availability of time to

respond in sudden-onset
disaster/ new pandemic is very
less which results in a big loss in
the form of lives of the

population.

and avoiding single-sourcing

during the pandemic situation?

ORQ3: How to improve the
coordination among the
different aid agencies during
the pandemic?

ORQ4: How to reduce the
response time to provide relief
in the case of pandemic
outbreaks where no medical

protocol is available?

31

The possibilities of multiple sourcing and local

sourcing are to be explored during the pandemics.

During and post-disaster, swift trust among the
different actors of the humanitarian supply chain and
proper coordination are required. Researchers should
explore strategies to establish the swift-trust and
proper coordination without loss of time.

The researchers should propose a coordination
mechanism between the governments and citizens for
a proper flow of the right information from top to
bottom to avoid any chaotic situation.

The researchers should suggest a mechanism of
collaboration among different government and private
partners and international and national NGOs so that
decisions could be taken on time.

Distribution and supply of essential items such as
oxygen and some medicines were observed as a major
challenge during the COVID-19 outbreak. Therefore,
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5. To establish a proper
communication channel
between the health care service
providers and patient, use of
telemedicine, maintaining and
monitoring of data related to the

pandemic.

6. In the case of a pandemic
outbreak, the quick management
of medical resources and
effective planning and
preparedness has not been
observed in most of the regions
of the world

ORQ5: How to implement the
emerging technologies in the
humanitarian supply chain to
address the various challenges

during pandemics?

ORQ6: How can medical items
be categorized according to
their use and availability, and
do effective planning for the

unexpected future?

optimization of the distribution network of such
critical items can be further studied as a future scope.
Lack of use of technology in the health sector and
humanitarian operations has also created many
challenges, so future studies should be done on the
application of emerging technologies in managing
HSCs during pandemics.

Effective tracking of lifesaving items such as oxygen,
medicines, and ventilators had been a major challenge.
Future research should explore applying technologies
such as Blockchain, RFID, and IOT for this purpose.

The methods for classification of the medical items
based on availability, utility, and self-life, annual
values need to be explored to avoid the unforeseen

future.
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5. Conclusion, limitations, and implications

Managing HSC has always been a challenge for all stakeholders due to many uncertainties and
the diversity of actors involved across different processes. Operations or processes of HSC are
not well defined, as in the case of the commercial supply chain. Although COVID-19 has
caused a lot of loss to society and business, it has given different learnings also for managing
HSC, specifically during the pandemic. Therefore, in this study, we have tried to capture
different learnings after reviewing different research papers published on COVID-19.
Although many research articles have been published on different pandemics, very few articles
have addressed the issues of the HSC. Mostly the articles published during 2020-21 on COVID-
19 are considered for exploring new learnings to manage humanitarian supply chains. COVID-
19's first-time outbreak happened in 2019. Before COVID-19, other pandemics had been
observed, but these were limited to a specific zone or region. In this study, VOS viewer is used
to demonstrate the networking amongst the authors and co-authors, and keywords. The
observation through the literature review is also validated through the feedback of the
respondents by interviewing them. Some regional/specific problems are incorporated in this
study through interviews of the respondents, which were not addressed properly in the past

literature.

Most of the old pandemic outbreaks-related articles are not addressing the issues of HSC. The
first time, a global threat of COVID-19 is observed in December 2019 and continues till date.
In 1918, a similar type of pandemic named Spanish flue was observed, which caused the death
of millions of people. COVID-19 has caused the death of millions of people throughout the
world. All the business and daily life activities, including global logistics operations, are
disrupted due to this pandemic. All countries faced challenges such as shortage of relief items,
medical equipment, and medicines, food items, etc. Based on the analysis, some of the major
challenges observed during the pandemic are lack of planning and preparedness due to the
sudden spread of a completely new type of disease and unexpected results, extended shortage
due to disruption of the global supply chains and production systems, lack of supply of medical
items due to increase in the demand throughout the world, unavailability of the technology to
contain the spread of the disease, and poverty of the food security. Similarly, we have also
learned many things from the spread of the pandemic COVID-19 such as preparedness of HSC
professionals on time, strategies to preposition the essential items, coordination and
collaboration among stakeholders, accurate information sharing among all stakeholders, and

tracking of inventory, etc. The directions for future research have also been recommended to
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optimize resources and distribution networks of essential items in HSCs. Researchers should
also find solutions for overcoming sudden challenges due to disruptions. Prediction of the
COVID-19 wave had been a major challenge, and no accurate forecasting models are available
for it. Researchers should explore how data analytics can be used for predicting the next wave
of COVID-19 or any other possible pandemic. The application of emerging technologies across
different functions of HSC is not well explored in available studies. So future studies can be
done on the application of emerging Industry 4.0 technologies for better management of HSCs
at the time of pandemics. The major contribution of this study is to highlight the challenges
during the spread of the new type of pandemic. Major learnings from the spread of COVID-

19 have been also researched for effective management of humanitarian supply chains.
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