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Abstract 

 This research paper focuses on how the novel coronavirus, COVID-19, has affected the 

personal protective equipment (PPE) supply chain. The severity of COVID-19 and its impacts on 

the PPE supply chain were compared with the impacts of other viral diseases such as Severe 

Acute Respiratory Syndrome (SARS), Middle East Respiratory Syndrome (MERS), and 

EBOLA. The methods of controlling these outbreaks in its originating locations were also 

explored. These methods and their linkage to PPE supply chain disruptions were evident in the 

research. This paper also discussed the importance of resilient and viable supply chains to 

withstand future diseases that scientists state are forthcoming. Besides incorporating factors to 

build resilient supply chains, suppliers must also consider recommendations that experts state are 

vital to survival. This paper concluded that if significant improvements are not made to the PPE 

supply chain, the implications will cause unavoidable damage to suppliers of all tiers. 
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Pandemics’ Effects on Personal Protection Equipment (PPE) Supply Chains and the Lessons 

Learned 

Janny Liv 

Under the Supervision of Professor Xiaotong Liu 

 

Introduction 

Statement of the Problem 

The world lives in unprecedented times in 2020 as the coronavirus pandemic, formally 

named the COVID-19 virus, disrupts the world. The virus does not discriminate who it infects 

and the social disruptions caused by COVID-19 are felt not only in China, its originating 

location, but also around the world. The world also came to the realization that even though their 

supplies and materials do not directly come from China, their related supply chains and sources 

are affected indirectly (Haren & Simchi-Levi, 2020). Even businesses that once believed their 

commerce did not rely on China’s exports and sources have felt the strain of government 

regulation and policies implemented as a result of the pandemic. Unfortunately, the COVID-19 

pandemic is not the first of global health crises that have affected supply chains. The Middle East 

Respiratory Syndrome (MERS) in 2012 mainly affected Asian and Middle Eastern countries 

where it derived, but the disruptions to supply chains were not as grave as seen in the COVID-19 

pandemic. MERS also reached modern countries with high travel rates such as South Korea, 

China, and the United States (U.S.), but supply chain disruptions were less severe in these 

countries as well. In fact, MERS and the Severe Acute Respiratory Syndrome (SARS) in 2002 

had a higher mortality rate of 10% and 36%, respectively, compared to COVID-19’s rate of 

approximately 0.2% (Zinberg, 2020).  
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Looking further into recent history, the EBOLA virus disease was a global health 

emergency that re-emerged in Africa in 2013. Although the crises lasted from 2013-2016 and 

cases were found in many smaller parts of the world, there was even less impact on the 

international supply chain compared to the COVID-19 pandemic. According to Sumo (2019), 

Liberia, one of the originating countries of EBOLA, felt strains in their supply chain mainly due 

to consumer responses and fear of their government tightening regulations. In contrast, China 

mandated a quarantine lockdown of areas affected by COVID-19, resulting in a closing of 

factories for over two months. Linton and Vakil (2020, p. 1) identified that the “world’s largest 

1,000 companies or their suppliers own more than 1,500 factories that manufacture for the 

healthcare industry” are located in China. Why did these supply chain strains vary so greatly if 

improvements and preparations are expected throughout the years? 

Research Purpose  

Several crises around the world from 2000-2020 had impacts on global supply chains. 

The COVID-19 pandemic demonstrates how far global supply chain disruptions reach from its 

originating location. It is important to study the impacts of these disruptions and the lessons 

learned, if any, after the control and elimination of the issue. A study by D. Simchi-Levi and E. 

Simchi-Levi (2020) showed that resilient supply chains that gained important lessons from 

disruptions are better prepared for future disturbances. The development of new technology, such 

as mapping all tiers of supply sources and planning measures to guard against disruptions 

throughout each tier, is a viable method in protecting supply chains (Linton & Vakil, 2020). 

Several major consumer categories most affected by pandemics are personal protective 

equipment (PPE), food, and computer hardware products. This paper discusses in-depth the PPE 

supply chain disruptions, which include items such as masks, hand sanitizers, gloves, and other 
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essential products used in the healthcare industry. According to Park et al. (2020), COVID-19 

disruptions in China, one of the major manufacturers of PPE, were felt globally as countries dealt 

with demand surges and stricter import and export regulations.  

Significance of the Study  

There are major direct and indirect effects of global health crises to supply chains around 

the world. Countries and businesses did not grasp the extent of reliance on China’s stability with 

the spread of COVID-19. Even if there was not a direct reliance on China’s supply chain, major 

sectors felt the reliance on their second, third, or lower tiered suppliers (Linton & Vakil, 2020). 

As the pandemic’s effects spread worldwide, China is rebounding from the pandemic and has 

reopened its factories. While other countries are slowly learning and shifting their competitive 

advantages on how to survive in the pandemic, China has reemerged as a major resource in the 

supply chain again (Lin, 2020).  

Another implication of the pandemic is that although some industries did not feel any or 

minimal strain in their supply chains, they discovered that their business is no longer viable or 

sustainable in a pandemic. For example, demand for clothing drastically reduced in March 2020 

as social distancing measures restricted physical interaction. Instead, these producers switched 

their business’ focus to producing masks, hospital gowns, and gloves. This demonstrates that 

although businesses may not rely on China but their industry was affected as a consequence of 

the pandemic (Govindarajan & Bagla, 2020). Moreover, many businesses were suddenly unable 

to source from their usual suppliers from China because factories switched their core 

manufacturing lines to manufacturing PPE for the world. This paper discusses the lessons 

countries learned from global health emergencies and the strategies to implement to protect 

supply chain of all tiers. 
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Literature Review 

A key driver of a virus’s effects on PPE supply chains is the sudden and dramatic 

increase in the number of people infected. The COVID-19 coronavirus has infected more than 

15,000,000 people and growing worldwide, whereas the EBOLA virus lasted over two years 

with only nearly 28,000 cases of infections (Centers for Disease Control and Prevention, 2020). 

The abrupt increase in PPE demands from the general public and healthcare workers due to 

COVID-19 placed unbearable strains on its supply chain. Shih (2020) and Choi, Rogers, and 

Vakil (2020) are in agreement that COVID-19 exposed the vulnerabilities of supply chains, 

causing the collapse of many sectors that were unprepared to respond to the disruptions. Golan, 

Jernegan, and Linkov (2020) emphasize the need for a unified model to measure global supply 

chain resiliencies because there currently is a lack of literature and research on pandemic threats 

on a global scale. The current literature available reviews prevention strategies based on research 

from smaller epidemics such as EBOLA and SARS. The COVID-19 pandemic has reached all 

parts of the world and further research is lacking on the recovery and stability of supply chains 

from this pandemic. 

In research conducted by Ivanov (2020), he proposes a viable supply chain (VSC) model 

to mitigate future disruptions to the PPE and other middle and lower tiered supply chains. Ivanov 

(2020) further explains that a VSC encompasses the features of stability, robustness, resilience, 

and viability. A VSC model takes a lean supply chain into consideration and also adapts to the 

changing environment to add value and agility for long term benefits (Ivanov, 2020). A supplier 

that adapts a VSC is able to weather sudden disruptions and has the offensive ability to recover. 

A VSC supplier also has long-term plans and capacities in place to adjust to internal and external 

changes to maintain sustainability (Ivanov, 2020). Ivanov’s theory is critical to understanding 
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changing supply chain situations in response to pandemic needs. As echoed by Park et al. (2020), 

many supply chains still operate under lean and just-in-time management. With many 

organizations still operating under only a handful of international suppliers, the global PPE 

supply chain was further strained under the COVID-19 pandemic. Ivanov (2020) additionally 

states that not enough industries have adapted a VSC in their evolution and still cobble through 

disruptions by relying on their usual suppliers or increase inventory reservations as a recourse, 

which is not a viable long-term solution.   

Zhu, Chou, and Tsai (2020) propose several remedies in overcoming the PPE supply 

chain challenges during pandemics. The authors present the notion of nationalizing PPE supply 

chains, where the government holds the control and rationing of supplies during health crises 

(Zhu, Chou, & Tsai, 2020). Although some American states called for the federal government to 

enforce the regulation during COVID-19, several manufacturers have voluntarily changed their 

production lines to accommodate the PPE shortages. For example, several Ford manufacturing 

plants switched from producing automobiles to air ventilators. However, nationalizing supply 

chains will ignite political debates of which states are the priority in receiving PPE supplies, 

which is especially crucial as the infection spreads rapidly throughout the country. Nationalizing 

supplies will also cause interferences in private interests as companies lobby over winning 

government contracts. Further research and creation of regulatory policies are needed before 

implementing supply chain nationalization. 

Common solutions echoed in the literature of pandemic supply chain shortages is that 

suppliers must diversify their upstream and downstream sources and build strong relationships 

with these suppliers. The overreliance on utilizing manufacturers from China in order to cut costs 

has reduced the resiliency of supply chains. Hobbs (2020) and Zhu et al. (2020) state that 
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diversification outside of China to find other viable suppliers and to establish these stronger 

relationships through time are primary keys in building a defense against future disruptions. 

However, Jessop et al. (2020) assert that it is difficult to rely on suppliers outside of China 

because their costs are lower, the quality is reliable, and production is consistent due to their 

stable economy and abundant labor sources. This argument supplements the solution to 

diversifying suppliers, which is the need for transparency and open communication between all 

tiers of supply chains. According to Golan et al. (2020), Park et al. (2020), and Zhu et al. (2020), 

supply chain visibility, sharing of industry updates, and consistent training between upstream and 

downstream suppliers allow all tiers to gain long term benefits and trust. 

Methodology 

 This paper’s research is gathered and summarized from international journal articles that 

discuss current global PPE supply chain situations. The inclusion of international conditions is 

critical to this paper because the PPE supply chain strain is felt worldwide. In addition, COVID-

19 originated in China, one of the largest exporters of PPE supplies. Therefore, studies of 

China’s response were utilized for supply chain comparisons. Academic sources and journal 

articles from medical experts and scientific researchers were also included for firsthand 

validation of experiences and solutions on handling PPE supply chain disruptions. Lastly, 

analyses from industry experts from the supply chain technology field were reviewed for their 

recommendations. 

Discussion 

The COVID-19 coronavirus is a vastly contagious infection and can cause a large 

population to become sick if proper safety measures are not in place. The virus’s rapid spread 

caused overloads in hospitals throughout the U.S. and negated the effects of distancing sick 



PANDEMICS’ EFFECTS ON PPE SUPPLY CHAINS                                                               7 
 

patients. With the dramatic increase of sick patients, healthcare workers and the general public 

require basic PPE necessities such as masks, hand sanitizers, and gloves to protect themselves 

and each other. As a result, hospitals increased their PPE demands as nurses and doctors changed 

masks and gowns between each patient they attended to. 

Masks 

In the beginning of the COVID-19 pandemic, local U.S. governments did not require the 

public to wear face coverings because it was believed that face coverings would only stop the 

spread of infections, but not prevent others from getting sick. After the Center for Disease 

Control (CDC) (2020) confirmed that masks could impede the infection’s spread, a majority of 

local governments mandated the public to wear face coverings, which caused a skyrocket jump 

in the demand for masks. However, before the requirement of wearing masks, citizens had taken 

upon themselves to purchase masks and buy more than necessary amounts, causing the hoarding 

of masks. The latter of these events caused massive supply chain shortages and then the 

government mandate caused an even greater shortage (Park et al., 2020). The masks that were 

scarce consisted of surgical, disposable, and N95 respirator masks, which are the most effective 

because of their air filters for blocking contaminants and particles. These shortages caused 

hospitals and patients that required masks to not have access to critical resources (Park et al., 

2020). Moreover, mask manufacturers were unable to keep up with the demand as the whole 

world transitioned into lockdown measures to slow the infection’s spread.  

As the demand for cloth face coverings and masks grew and manufacturers were unable 

to meet demands, other non-PPE manufacturers found their core competencies shrinking. 

Mandated social distancing measures did not allow face to face interactions, workers were 

required to work from home if fit, and social gatherings were banned. Thus, garment 

manufacturers and retailers found their businesses unfeasible in the current environment. As a 
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result, many of these manufacturers and retailers changed their line of businesses to producing 

masks and various types of face coverings (CNBC, 2020). Retailers also found themselves 

carrying inventory outside of their usual business operations, such as selling masks and other 

PPE supplies that are hard to obtain. 

Hand Sanitizers 

The CDC (2020) advised the public to wash one’s hands frequently and sanitize surfaces 

thoroughly to prevent the virus’s spread. If water and soap are not available at the moment, then 

alcohol-based hand sanitizers are acceptable alternatives. Thus, the general public hoarded hand 

sanitizers for personal use and to resell at higher prices (Betkowski, 2020). Hand sanitizers saw a 

dramatic increase of 1,400% in one month since the beginning of the pandemic (Taylor, 2020). 

Consequently, the hand sanitizers that hospitals routinely ordered through their usual suppliers 

were no longer available. Due to smaller resellers that hoarded PPE, the hand sanitizers were 

more accessible to general retail consumers than commercial industries for purchase. 

Gloves 

Gloves were another major PPE category dramatically affected by the pandemic with a 

rise in demand due to the fear of transmission through surface contact. Gloves were mainly a 

measure to prevent transfer between the touch of hands and the danger is reduced if social 

distance practices are followed. However, due to the public’s panic purchases, gloves also 

experienced severe shortages. 

COVID-19 and Other Epidemics 

 When the SARS epidemic broke out in Asia and spread throughout the surrounding 

countries, these affected countries experienced panic buying and shortages, but not as severe as 

COVID-19. With the outbreak of EBOLA in Africa and SARS in Asia, the PPE supply chain 



PANDEMICS’ EFFECTS ON PPE SUPPLY CHAINS                                                               9 
 

was not significantly strained on the global level (Govindan, Mina, & Alavi, 2020). What factors 

contributed to these different responses? First, the SARS outbreak was centralized in Hong Kong 

where the country immediately tightened transportation and travel controls to impede the spread 

(Hung, 2003). The Hong Kong government also educated its citizens on the required measures to 

prevent spread and increased its communication and updates with other countries and health 

organizations (Hung, 2003).  

 The EBOLA outbreak centralized in Africa also did not experience a major spread 

throughout the world. The main causes were because countries such as Guinea, Liberia, and 

Sierra Leone, where EBOLA was centralized, are not frequent travel destinations and these 

countries’ citizens did not have the financial ability to frequently travel. These areas’ citizens did 

not travel much out of their countries which slowed the spread of the infection. Although 

EBOLA had a higher death rate of 90%, COVID-19 has a higher infection rate but lower death 

rate of 3-4% (WHO, 2020). Once infected, the majority of EBOLA patients were too ill to travel, 

but COVID-19 patients were often unknowingly asymptomatic while traveling. 

 The MERS epidemic that stemmed from the Middle East saw similar supply chain 

responses similar to EBOLA and SARS. MERS had less severe strains on the PPE supply chain 

even though with a higher mortality rate than COVID-19. Although MERS was centralized in 

Saudi Arabia, the outbreak outside of the country was transported by a South Korean traveling 

businessman. The MERS epidemic was contained within the Asian and Middle Eastern countries 

with lesser strain to the global PPE supply chain (Misrahi, 2020). 

 The COVID-19 coronavirus caused more strain to the PPE and other supply chains 

because infected individuals can show little to no symptoms. Because most COVID-19 patients 

were asymptomatic, there were greater chances of these individuals to move, travel, and interact 
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with others. As those more vulnerable to COVID-19 showed signs of sickness and required 

hospitalization, the healthcare system became overloaded with patients and insufficient PPE 

supplies. Consequently, more patients and the general public required more PPE supplies as the 

infection continued to spread and the social distancing mandates extended. The increase in 

demand and fear caused the general public to continue to excessively hoard PPE away from 

those who needed the supplies the most. 

The Bullwhip Effect 

 The bullwhip effect is an event where amplified demands in the supply chain causes 

inaccurate forecasts throughout the multiple tiers of suppliers affected (Rajasekharan, 2020). As 

a result, all tiers react to these trends which create ripple effects in each suppliers’ projections 

and production output. Suppliers are not equipped to respond to the surges and attempt to meet 

these demands, causing greater shortages and demands on the market shelves. When the shelves 

are empty, consumers’ hoarding mentalities come into play which magnifies the effect even 

more.  

Hoarding and panic buying coupled with the unexpected demand for PPE supplies placed 

the bullwhip effect on the PPE supply chain. The bullwhip effect demonstrated the implications 

of consumer behavior and how it caused the spiraling strain on the PPE supply chain. Healthcare 

workers were left to reuse masks and hospital gowns throughout the day despite safety protocols 

of changing PPE supplies between patients. 

When news of the first COVID-19 outbreak were made aware throughout the world, very 

few individuals voluntarily wore masks as a safety protocol. In the U.S., the CDC (2020) stated 

that masks would only prevent the spread, so the general uninfected population did not wear 

masks. Despite this, masks quickly became unavailable on the market due to profiteering. 
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Further research by the CDC (2020) stated that masks also help prevent healthy individuals from 

getting sick, thus local governments mandated the general public to wear masks. The quick 

scarcity caused a dramatic spike for masks, further damaging the supply chain that had not 

recovered from the initial spike.  

Temporary changes in consumption. 

A main concern of the bullwhip effect is the temporary change in consumer behavior and 

consumption, which leads to long-term damages to the supply chain (Hobbs, 2020). The changes 

in government mandates and the progression of COVID-19 research that is communicated to the 

public is very important in shaping consumer fear and consumption. Fears of the infection on 

surfaces and coming into contact with others increased the demand for masks, gloves, and hand 

sanitizers. Before COVID-19, the demand and responsive supply to hand sanitizers were in a 

steady state but the public’s reaction to news caused ripples. In the times of a pandemic, 

manufacturers are able to identify that sudden demands for certain PPE are caused by consumer 

reactions. However, for industries such as hospitals that use these PPE regularly, the 

manufacturers are unable fulfill their routine orders. If the infection continues in its long-term 

state, suppliers and sources of all tiers are unable to recover. 

Short-term consequences. 

The short term consequences for PPE supply chains are that supply chain forecasts are 

not accurate and suppliers are unable to properly budget for material and production to meet 

demands. In the short term, just-in-time (JIT) and lean management operations are not viable 

operational methods as all sources are strained (Park et al., 2020). At the time of this paper, the 

COVID-19 virus is still spreading, so the needs for masks, hand sanitizers, gloves, and other PPE 

gear are still in high demand with high markups due to hoarding and scarcity. 
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Long-term consequences.  

A long-term consequence of the bullwhip effect is that middle and lower tier suppliers 

may overstock and resort to hoarding materials and resources in fear of further disruptions. This 

fear does not only exist in end users. Organizations and suppliers have their dedicated customers 

in which they have built relationships. In the long-term, relationships are affected and 

transparency and open communication is further strained as organizations are less trusting of 

each other’s sources and lead time promises (Francis, 2020). 

Another long-term consequence is distrust in international suppliers. As countries start to 

face the second wave of COVID-19 infections, PPE demands for the healthcare sector also 

mirror these waves. Which country should suppliers hold their loyalties to if their own countries 

are also suffering? If countries start to ban PPE exports, the global PPE supply chain will also 

suffer. 

Supply Chain Responses 

Effects of government responses. 

A profound factor that affected PPE supply chains was each country’s response to 

combatting the infection’s outbreaks. In the U.S., when the outbreak became an evident threat, a 

clear strategy and communication to ease supply chain fears were not present. Mandates were 

not clear and consistent between local and state governments, causing further confusion and fear 

in the general public. Therefore, misinformation and misuse of PPE supplies were common 

among the general public (Jessop et al., 2020). As local governments mandated lockdowns and 

social distancing measures, citizens took it upon themselves to hoard masks, sanitizers, food, and 

general household supplies. By April 2020, when masks were a requirement by some local 

governments, masks of all types were unavailable to purchase with unguaranteed lead times. 
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Conversely, China did not experience the mass severity of PPE shortages and was able to 

provide supplies for their healthcare workers and citizens compared to the rest of the world. 

What was the difference? According to Bostock (2020), China and its surrounding areas, such as 

Hong Kong, has experience and were familiar with response plans needed for health crises. As a 

consequence of the SARS outbreak in 2002, these Asian countries developed a national response 

system for immediate execution to prevent further outbreaks and minimize economic impacts. 

In South Korea, where COVID-19 was once emerging quickly behind China in March 

2020, their supply chains did not experience hoarding and panic buying in PPE, food, 

electronics, nor household items. The common delays South Korea experienced were in logistics 

and services as South Korea had strictly mandated lockdowns. Also contributed to South Korea’s 

success in protecting their supply chains was their government’s scheduled purchasing system 

for masks (Rubin, 2020). The PPE supply chains were still privatized, but South Korea 

implemented a policy that allowed citizens to purchase a week’s supply of masks at any retailer 

based on the last two digits of their birthday. The masks’ prices were not gauged, which allowed 

citizens of any age the opportunity to purchase masks. This system relieved their mask supply 

chains and provided the necessary reassurance of PPE availability (Rubin, 2020).  

In addition to systemizing the supply of masks, South Korean markets, businesses, 

restaurants, and public areas freely provide hand sanitizer. For example, before entering a 

restaurant, patrons must sanitize their hands with the provided hand sanitizer and then check 

their temperature. This process is required in all establishments, which alleviates the general 

consumer’s need to purchase excessive supplies of hand sanitizer. The MERS outbreak prepared 

Korea firsthand for future infections as their country gained valuable lessons (Park, 2019). 

Effects of consumer behavior. 
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South Korea’s response to MERS, Hong Kong’s response to SARS, and Africa’s 

response to EBOLA, and China’s response to COVID-19, exhibited that communication and 

policies were crucial in suppressing supply chain disruptions. The overarching communication 

sets the consumer’s mindsets and the appropriate controls are required to calm the situation. The 

PPE supply chain was not protected effectively, and ultimately harmed the individuals who need 

the supplies the most to protect the public’s health. 

Panic buying. 

A common and knee-jerk reaction during any natural or man-made crises is for citizens to 

start buying supplies to guard against these situations (Zhu et al., 2020). When the coronavirus 

first broke out, the public’s first reaction was to buy the maximum amount of supplies they 

believe were necessary without any professional direction. As evident in the COVID-19 PPE 

shortages, panic buying events are still not considered in supply chain forecasts because crises 

are unpredictable. 

Hoarding. 

Hoarding is the process of purchasing or holding on to more than one needs with the 

intent of storing it for future use. Another intent to hoarding supplies is to resell the products at a 

larger than usual margin, in attempts to gain larger profits when supplies are scarce. Hoarding is 

one of the main driving factors to PPE supply chain strain (Betkowski, 2020). When COVID-19 

was spreading rapidly, regular consumers were purchasing excessive amounts of supplies with 

the intent to resell for more than 20 times the markup in some cases (Rapier, 2020). For example, 

N95 masks, which are some of the most effective masks against COVID-19, were unattainable 

for industries and hospitals but the average consumer was able to purchase them through small 

resellers. The supply of surgical masks, N95, and other masks with air filters suffered 
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significantly as manufacturers could not source enough material causing further delays in 

production. 

Supply Chain Disruptions 

Responses to global health crises. 

Many lessons were resulted from the aforementioned pandemics and epidemics as each 

country’s approaches, experiences, and recoveries differ. Politics, culture, religion, and personal 

beliefs contributed to the varying environments, successes, and failures of each country in 

protecting their supply chains. Some countries like the U.S. have not experienced a similar nor 

modern infectious outbreak; therefore, the country is not well equipped to respond to global PPE 

supply chain shortages. As the COVID-19 pandemic is still ongoing throughout the world, this 

section discusses the PPE supply chain recovery of affected countries. 

Countries with supply chain strains. 

One of the prominent countries that are experiencing extreme PPE supply chain shortages 

is the U.S. The country has not recovered from PPE shortages since February 2020, when 

COVID-19 made its headway in the U.S. Although the heavy strain was felt in the beginning, 

there was a short period of productivity gains and recovery after the mandated lockdowns. The 

lockdowns had the public staying at home as much as possible, which slowed down the demands 

for PPE and made them more available for those in need. Concurrently, many manufacturers 

switched their production lines for reasons such as volunteering to contribute aid or because the 

demand for their purpose decreased. Many clothing factories switched from producing clothing 

to using materials to make masks for retailers. Another example is breweries that switched from 

producing alcohol for beverage consumption to producing alcohol-based hand sanitizers since 

customers could not visit their establishments during lockdowns (Brown, 2020). Non-related 
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organizations switching business productions were a common contributing solution to the U.S.’s 

PPE shortages.  

Countries without supply chain strains. 

A difference in varying supply chain strains was that although COVID-19 originated in 

China, the country has rebounded faster than any other country. China had a growth in gross 

domestic product (GDP) in October 2020 and exported PPE supplies and experienced medical 

workers to various countries to provide COVID-19 health advisories (Lin, 2020).  

In the SARS and MERS outbreak, many affected countries did not experience severe PPE 

shortages because their supply chains were controlled. Most importantly was that these affected 

countries had protection plans in place to ensure PPE was controlled and available during crises. 

According to Lin (2020), one in every 13 major global manufacturers of PPE have at least one 

factory located in Wuhan, China, where the COVID-19 infection originated. The lockdown in 

Wuhan caused all factories to shut down for a period of time and disrupted the supply chain 

intermittently. However, the lockdown dramatically reduced the infection’s spread in China, 

which eventually allowed all factory workers to return to work.  

Lessons Learned 

Appropriate government policies are important defense mechanisms to protect supply 

chains, but reactions from the entire supply chain to disruptions are important as well. Major 

retailers and logistics services online and offline in China responded immediately to the Wuhan 

lockdown by collaborating with their major manufacturers that were free from lockdown. These 

opened manufacturers, such as Alibaba, immediately switched to making masks to supply the 

millions of citizens in Wuhan and surrounding areas (Lin, 2020). In addition to immediately 

switching production, Alibaba collaborated with major transportation companies to expedite 
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deliveries because end users were unable to leave their homes. By quickly adapting to changing 

environments and collaborating with necessary services, citizens in lockdown relied on 

communication that the needed resources were available. Besides Alibaba, China also had major 

online retail competitors, such as Taobao and JD, that also provided alternative resources to 

serve the millions affected (Lin, 2020).  

Pandemic disruptions also challenged the technology that supply chains of all tiers 

utilized. The technology platforms used by supply chains varied between suppliers and did not 

communicate with each other (Kilpatrick and Barter, 2020). In countries with severe supply 

chain disruptions, the communication was lacking not only between their closest suppliers, but 

their lower and middle tiered suppliers were unknown (Kilpatrick & Barter, 2020). 

Consequently, these unknown sources were more likely from China which had factory 

shutdowns at the beginning of the pandemic. By the time disruptions were felt outside of China, 

severely affected countries such as Italy, South Korea, and the U.S. were increasing their 

demands for PPE. The ripple effect from the shutdown in China continued to amplify the 

shortages in these afflicted countries. 

Demand prediction. 

Personal protective equipment supply chains are still recovering because the pandemic is 

still not under control. The first wave of infections from March 2020 saw some alleviation after a 

mandated lockdown, but the second wave of infections is currently spreading throughout the 

world. With the resurgence of infections, the hoarding of supplies reemerges. The demand for 

PPE is greatly affected by the knowledge communicated to the public for safety. Supply chains 

must learn to collaborate and communicate with each other’s resources in times of global needs. 
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Supply chains must also not rely on a single source of materials which hinders chances of 

recovery in emergencies (Zhu et al., 2020).  

In addition, the technology supply chains use such as enterprise resource planning (ERP), 

material resource planning (MRP), electronic data interchange (EDI), and logistics applications 

must translate and communicate with their critical suppliers. At the beginning of the pandemic’s 

disorder, many organizations claimed force majeure on lack of materials, labor, and 

transportation delays with unguaranteed estimates (Choi, Rogers, & Vakil, 2020). Tracking 

logistics was also severely impacted as workers fell sick, dramatic increases in shipments, and 

the lack of workers due to social distancing rules. Adequate technology used should provide 

forecast and estimates, but is only useful with adequate information provided from other tiers of 

the supply chain. 

Applying predictions to future crises.  

Historical trends indicate that the spread of new infections is increasingly common and 

closer in the future (Dodds, 2019). Future spreads are more global and faster due to the rate and 

the amount of access travelers have to worldwide destinations. Besides traveling as a main 

vehicle of spread, the trend of consuming other types of animals and uncommon foods is also 

increasing (Dodds, 2019). The COVID-19 virus was transmitted from a bat to a chicken that was 

consumed by a human. With communities becoming denser and with closer living proximities, 

the spread becomes faster and widespread. PPE is the most critical and disrupted supply category 

for all the health crises discussed and the pandemic broke down lean and JIT systems. With the 

trend that the world may face another health crises, it is prudent for supply chains to become 

more resilient and to develop backup and recovery plans for the sustainability of the supply 

chain’s future (Ivanov, 2020).  
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Predictions of the future. 

Supply chains must utilize improved forecast prediction and modeling systems to create 

viable and sustainable supply chains that consider external factors that will impact their 

capacities (Choi et al., 2020). For example, because vacations and traveling were decreased 

during the pandemic, the decrease in air flights also reduced the amount of cargo that carries 

shipments, which created a backlog and shipment delays. These delayed shipments carried 

essential PPE exports from other countries and contributed to the shortages.  

Developing Resilient Supply Chains 

Developing resilient supply chains are crucial to sustainable long-term growth (Choi et 

al., 2020). Besides developing relationships with reliable sources and utilizing technology, 

resilient supply chains also take into consideration external factors that are typically overlooked. 

For cost saving purposes, many organizations establish factories in China for their abundant 

source of inexpensive labor. But this inexpensive labor means a dense population with a wider 

spread of illnesses and tighter government control. Besides adapting a viable supply chain to 

weather future disruptions, a resilient supply chain that considers uncontrollable aspects is even 

more essential than considering cost savings.  

Recommendations. 

Effective federal and local policies are necessary to curb public behavior and responses 

during crises. In the U.S., each state and county responded with different restrictions and plans to 

ease lockdowns. Consistent communication, efficient plans, funding, and resource supplies are 

crucial for the public to move towards the same direction. A consistent policy that is based on 

population density levels and reassures the public of PPE availability would reduce the amount 

of hoarding and increase the mutual reciprocity of sharing. Nationalizing the PPE supply chain is 
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a solution to judiciously rationing supplies to critical locations, but appropriate and non-biased 

policies are critical to ensure fair distribution.  

Methods of communication. 

Communication is an important element during emergencies and crises (Hung, 2003).  

Content of the communication is of equal importance to the method and frequency of 

transmission. Communication is imperative from the low to high end tiers of suppliers down to 

the end users. There is a communication gap between each supplier as one is not aware of each 

other’s sources, lead times, capacities, and logistics (Park et al., 2020). If suppliers openly 

communicated and mapped their supply chains from end to end, better workflows are achieved 

and the biggest gain is the end users, who are eased of their fears of shortages. However, even 

though COVID-19 is still spreading, there is a lack of evidence of major supply chain progress 

between suppliers. An improvement in relief of the PPE supply chain derives from more 

organizations producing masks, hand sanitizers, and gloves, either from newly established 

manufacturers or switching competencies. An area that also lacks communication is between 

manufacturers, distributors, and retailers (Choi et al., 2020). There is a lack of communication in 

globally notifying customers when supplies are available, and that hoarding and panic buying 

causes more harm in the long-term. 

Technology systems. 

Communication strategies and better workflow systems are more effective with the 

proper technology in place to support the communication and organization of data. Transparent 

data input and output of ERP, MRP, and warehouse systems are essential for suppliers to better 

understand their customers’ needs. There are several methods of data communication such as 

utilizing EDI, cloud-based applications, and other forms of integration systems. However, due to 
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security and competitive reasons, suppliers and organizations are apprehensive to share 

information in order to better serve each other. According to Choi et al. (2020), supplier mapping 

systems aid in mapping all tiers of suppliers and the tiers of those suppliers in order to gain a 

comprehensive overview of how one’s activities affect another. These systems also map how 

internal, external, and uncontrollable environmental factors can affect current operations. 

Support systems for resiliency. 

The proper support systems are necessary to build and sustain resilient supply chains 

(Golan et al., 2020). Masks are one of the most sought after PPE items since the onset of 

COVID-19’s spread. Through historical trends identified by experts, viruses like SARS and 

MERS are forewarnings of more global infections in the near future. Nonetheless, not one mask 

supplier foresaw or was prepared for the demand spike when the entire world was in need of 

masks. Although Zhu et al. (2020) suggests to increase back up inventory, that strategy negates 

the recommendation to not hoard supplies and the lean and JIT operations that many 

organizations follow. Resilient supply chains must have the necessary resources to change their 

production with the conditions it currently faces.  

Alternative suppliers. 

There are also other alternate resources to help overcome the PPE shortages that the 

world still faces today. Suppliers can branch out to other countries with the available resources or 

become transparent in operations and training information to gain trust. Manufacturers must look 

beyond their usual suppliers in China and venture to outside countries that also have abundant 

labor sources (Zhu et al., 2020). Although it is argued that China has the knowledge and training 

to produce items with reasonable quality, organizations must start building relationships outside 
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as an alternative resource. Diversifying suppliers and developing these relationships through time 

are important backup sources when the main producer fails. 

Conclusion 

The heavy strains of COVID-19 on the PPE supply chain are evident in today’s research. 

The acceptance of scholarly recommendations and past successes are not manifested as the 

supply chain still resorts to the current methods of resource planning. Healthcare workers’ needs 

for PPE remain high as the world still faces COVID-19, but supply chains have not shown 

progress in improving long lead times in terms of production. Industry lead times are improved 

by wider availability of suppliers, not because the original manufacturers have implemented 

changes to make significant improvements.  

Health experts predict that COVID-19 is just one of many infections that will emerge in 

the near future. If supply chains, particularly PPE, do not build their capacities and resources 

properly in the present, how can the world weather another global pandemic? Research in the 

comparison of COVID-19’s effects on the PPE supply chain from other infections is lacking to 

sufficiently measure if there any improvements. It is evident that the current PPE supply chain is 

not resilient enough to overcome another wave of infections now nor in the near future. Viable 

and resilient supply chains coupled with technology advancements, data transparency, and 

constant communication are necessary inputs to building a sustainable PPE supply chain. 
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