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Abstract: COVID-19 is now considered one of the world’s greatest challenges. Even today,
health experts and scientists are still seeking a conclusive answer regarding the source of this
zoonotic disease. During the COVID-19 pandemic, plant-based diets became a preferred diet
choice for many people. In this paper, we discussed the trend toward a plant-based diet across
the globe and some of the reasons for the shift. We note that there was a rise in plant-based
food sales and a simultaneous decline in animal-based meat sales. Sales of meat and seafood
plummeted for many reasons, including distrust in meat due to fear of virus contamination,
price increases, and ethical reasons. Marketing strategies used by meat-alternative companies
may have also played a role. While there has been an ongoing trend toward plant-based diets
in recent years, that trend seemed to accelerate during the pandemic with more available
vegan venues and places with vegan options. Another reason that some people may have
started exploring plant-based eating during the pandemic is because of the belief that such
healthy eating will boost immunity or provide some other health-related benefit. Plant-based
diets are also more cost-effective than diets containing meat, fish, and dairy. We conclude
that significant changes need to be made regarding the use of wild animals and livestock in
order to prevent future pandemics of zoonotic origin. As the world’s population grows,
zoonoses may occur with greater frequency. Encouraging the adoption of healthy plant-based
diets around the world with a simultaneous reduction in the use of animals as a food source
is necessary and vital steps to prevent future pandemics due to zoonotic disease.
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1. Introduction

Coronavirus disease-2019 (COVID-19) was declared a pandemic by the World
Health Organization (WHO) on March 11, 2020, As of 17" May 2021, over 160 million
people are infected with the virus and more than three million deaths worldwide.

Unfortunately, these numbers are still on the rise.

When this disease first broke out in Wuhan, China, it was initially identified as
pneumonia, cause unknown!*>1. In only a few months, it spread to the rest of the world. Many
of the original cases of COVID-19 seemed to have connected to the Huanan seafood
wholesale market. It was subsequently determined that COVID-19 is caused by the virus
Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2). SARS-CoV-2, from the
family Coronaviridae, and is a 96% identical match at the whole-genome level to a bat
coronavirus!®®l. Although bats are a probable reservoir host for the virus, scientists had
suggested that Malayan pangolins (Manis javanica) may have served as a possible
intermediate host for SARS-CoV-2 before it was transmitted to humans®. The strain of the
disease that affected humans evolved to become transmissible by human-to-human

(199 There was also some debate about whether swine may have been the intermediate

contact
host for the virus, either instead of or in addition to the pangolins!'!l. As numerous zoonotic
outbreaks emerged from livestock farms in the past, it is possible that there was a bat-swine-
human relationship with the spread of COVID-19 due to the extensive swine factory farms
in Wuhan, China!'!l. There was also some speculation about a relationship between the spread
of COVID-19 and the location of swine factory farms in Santa Catarina, Brazill''l. The
world’s current food production and consumption paradigm has created the conditions for

repeated zoonosis and is the root of the problem!!?],

According to the World Health Organization, zoonotic disease, or zoonosis, is an
infectious disease that has jumped from animals to humans. Zoonotic pathogens may be
bacterial, viral, parasitic, or may involve unconventional agents and can spread to humans
through direct contact or food, water, or the environment!'*. Outbreaks of zoonotic disease
in humans have occurred many times over thousands of years of human evolution, but the

rate of zoonotic transmission has been rising over timel'#!%,

For example, zoonotic
pathogens such as the Severe Acute Respiratory Syndrome coronavirus and the Middle East
respiratory syndrome coronavirus both caused pandemics in the past two decades!®). In order
to prevent or at least limit future outbreaks of zoonotic disease, it is crucial to identify and
address the causes of the zoonotic links (in both wild animals and livestock) and the
“spillover events” that give rise to the transmission of novel infectious viruses!!”). The sale

of wild animals at the seafood market in Wuhan appears to be the most likely source of
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COVID-19"3], Therefore, experts urged that authorities put in place a permanent global ban
on wildlife consumption and the operation of wildlife markets. These steps are generally
regarded as critical in preventing future pandemics!!”). There were also numerous mammalian
and non-aquatic species, such as rabbits and birds, that were available at that market for
purchase before the outbreak!?’). These animals could also serve as hosts for different species
and strains of coronaviruses. The shedding of viral particles in the faeces of these animals

may play a role in infectious spread, including in cross-species transmissions!?!l,

In April 2020, the acting Head of Biodiversity at the United Nations said that
countries could avoid pandemics by eliminating wildlife markets that trade live and dead
wild animals for human consumption!®?, Wildlife markets and illicit trade in wild animals
have been identified by public health authorities in the United States (US) and around the
world as conduits for the transmission of diseases. The transfer of diseases from animals to
humans can happen by human consumption of live or dead animals or even by the close
proximity of humans to live or dead animals. In addition, livestock animals can be infected
by contact with wild animals and wet markets provide a particularly conducive environment
for this kind of spread. Strict laws against both the sale of live animals and the exotic meats
trade should be enforced®!. Because of the COVID-19 outbreak, the Chinese government
has now imposed a national ban on the use of wild animals for food?*!. It is at least a step in

the right direction.

The current zoonotic pandemic has caused health professionals around the world to
address issues such as wet markets and livestock, and some of these comments have been
highlighted in the media. This level of attention may cause the eating pattern of many to
change as a result of the COVID-19 crisis. This paper addresses the change in food choice
by many people, the reasons for such change, and the lessons we could learn for the future
as a result of the COVID-19 pandemic.

2. Global Diet Trends

Figure 1 is a graphical abstract to illustrate the main findings of this review.
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Figure 1. Summary of the review (the COVID-19 pandemic and diet change).
2.1. Plant-based Food Sales And Animal-Based Food Sales

During the COVID-19 pandemic, there was an interesting shift in diet among many
as plant-based food consumption, including meat alternatives, increased significantly. In this
paper, we use the terms “vegan” and “plant-based” interchangeably but recognize that
veganism relates to the rights of non-human species, whereas plant-based refers to only
dietary choice. The US retail sales of plant-based foods greatly outpaced overall food sales
suggesting that more customers turned to plant-based foods during the pandemic. March
2020 was the peak of food buying during the pandemic, and it is noteworthy that plant-based
food sales grew by 90% compared to March 2019. When broken down by segment, vegan
meat sales rose by 148% and continued to rise by 61% in the following four weeks, reflecting

a growth rate two times that of animal-based meat!?*,

While plant-based meat sales continued to soar, animal-based meat sales continued
to decline. The United Kingdom (UK) Department for Environment, Food and Rural Affairs
compared animal slaughter data from October 2020 to October 2019 and found a decrease of
7.3% in prime cattle, 4.9% in clean sheep, and 2.1% in clean pig slaughtering!*’l. According
to a report from the Food and Agriculture Organization of the United Nations, it is expected
that the numbers from 2020, when finally tallied, will show that meat consumption per capita
decreased by nearly 3% globally and that this reduced consumption was the biggest annual
decline since 200027, The COVID-19 pandemic also negatively affected the meat products

market in Southeast Asia. Due to the major hit to the livestock industry, revenue losses, and
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supply shortages, it was estimated that there was a lower growth rate during the outbreak.
Meat producers in Southeast Asia faced drastically reduced meat consumption as well as a

scarcity of raw materials and were severely hampered by these factors/?®!,

Seafood sales also plummeted during the pandemic. Fishing communities and ports
were seen as possible hubs for transmission of COVID-19 infection because of the migratory
nature of fishermen and the frequency of international visitors!>’). Many fisheries experienced
partial or complete shutdown resulting in a reduction of fishing activities globally.
Furthermore, there was a drastic reduction in demand for seafood, restriction to access cold
storage, and cessation of shipping and air cargo*®!. Activity on the Fish Exchange in Portland,
Maine, US, declined from 60,000 to about 20,000 pounds per week during the pandemic!®!l.
The closure of many restaurants in the US significantly decreased demand and the nation's
fisheries across geography, species, gear types, and management reported sales nosedives of
up to 95%"2,

2.2. COVID-19 and Consumer Perceptions of Meat

A particularly significant concern with the COVID-19 outbreak is the high infection
rate among workers at slaughterhouses and meat processing plants. The environment in such
facilities is conducive for zoonotic spread. There are structural and operational practices that
hinder the practice of personal safety protection and the proper cleaning and disinfection of
worksites. The facilities also have lower temperatures and extreme relative humidity, large
quantities of droplets and aerosols, and use many stainless-steel surfaces that retain live
viruses longer than cloth or paper surfaces. These conditions, along with the sociocultural
and economic challenges facing the workers, facilitate the transmission of SARS-CoV-
2033341 1t is therefore not surprising that a series of SARS-CoV-2 outbreaks that occurred
between March and June 2020 in meat factories led to plant closures, especially in Europe
and North America, including some in Germany, France, Spain, the UK, the US, and
Canada®-®l. Giitersloh and Warendorf in the Western German state of North Rhine-
Westphalia, with a total of 640,000 residents, were returned to lockdown conditions after
more than 1,400 employees at a meat-packing plant tested positive for COVID-1987!, Meat
processing factories in Anglesey, Merthyr Tydfil, Wrexham, and Kirklees in the UK also
became hot spots with over 450 COVID-19 cases!*8). Among 115 meat or poultry processing
facilities in 19 states in the US, 4,913 employees were diagnosed with COVID-19 and 20
deaths related to COVID-19 were reported®*¥. Specifically, the largest reported cluster was
1,550 cases linked to a single meat-packing plant in Alberta, Canadal®*!.

With meat processing plant closures due to COVID-19 outbreaks, consumers may

have had concerns about meat shortages and meat safety (due to its possible contamination



PMMB 2021, 4, 1; a0000203 6 of 14

with the virus), causing higher demand for plant-based alternatives. It is also possible that
consumers may have been concerned about meat prices since the decline in the availability
of meat could result in price increases. A higher cost for meat would further reduce the
demand for meat. There is also the possibility that consumers may have deliberately protested
against the meat to stand in solidarity with workers from slaughterhouses and meat
processing plants!*’!. A study conducted in China during the pandemic showed an increased
demand for a plant-based diet. Apart from dieting to lose weight, the study participants
considered a plant-based diet safer for consumption, possibly implying distrust in meat™'l. A
study by Forsa on the eating habits of Germans between 2015 and 2020 commissioned by
the Federal Minister of Food, Julia Klockner, showed that the country's daily meat intake as
a percentage of the average German meal declined among the respondents from 34% to
26%!42.,

2.3. Plant-based Food Alternatives and Venues

As meat and seafood supply chains face disruption during the pandemic, plant-based
companies that offer meat alternatives like “Beyond Meat” and “Impossible Foods™ are
seizing the chance to secure new customers with more competitive marketing strategies!*l.
According to Grubhub’s “Year in Food” trend report in which the delivery platform analysed
30 million orders, plant-based meat alternatives spiked in popularity by 463% in 2020.
Across the US, New York, California, Oregon, Massachusetts, and Illinois took the top five
spots. In addition, delivery platform DoorDash, with a newly released “DoorDash Deep
Dish” report, also showed an increase in plant-based alternatives, specifically 433% in the

six-month period from January 2020 to the end of June 202044,

Other research by an online restaurant resource (the HappyCow platform) focused on
how restaurants have been affected by COVID-19. It found that since the onset of COVID-
19, there were 517 newly opened vegan restaurants while 413 were closed, with a total of
104 more vegan restaurants available now worldwidel*. As the results only represent purely
vegan venues, the number of restaurants that are “vegan-friendly” or that have plant-based
options available may have increased. Even fast-food restaurant chains are offering more
plant-based options. The largest chain in the world, Subway, launched a Meatless Meatball
Marinara Sub sandwich in all of its UK stores in early 2020 with a successful sell-out of the
product. It won Best Vegan Sandwich at the 2020 Vegan Food Awards hosted by People for
the Ethical Treatment of Animals*®). Starbucks, the third-largest chain store, also added more
plant-based items to its menu worldwide, such as Impossible Rendang Pie in Singapore,
Beyond Meat dishes, and Oatly milk substitute in China, as well as many others in various

locations!*’.
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2.4. A Plant-Based Diet and Its Health-Related Effects

The surge in demand for a plant-based diet could also be due to greater awareness of
the benefits of leading a healthier lifestyle and the belief that it could result in stronger
immunity. According to a current pan-India serosurvey conducted by the Council of
Scientific and Industrial Research in its almost 40 institutes, vegetarians were found to have
lower COVID-19 seropositivity, suggesting that they might be at a lower risk of coronavirus
infection*®!. With a strong impact on host homeostasis and immunostasis, it is known that
the gut microbiota that reside in the gastrointestinal tract provide their host with important
health benefits!*!. Hong Kong researchers have identified three significant findings in
patients with COVID-19: a) the composition of the gut microbiota is consistent with disease
severity and magnitude of plasma concentrations of several inflammatory cytokines,
chemokines, and blood markers of tissue damage; b) gut bacteria such as Faecalibacterium
prausnitzii, Eubacterium rectale, and many species of bifidobacteria, with known
immunomodulatory capacity, have been depleted; c) the dysbiotic gut microbiota
composition remains after virus clearance®”). A recent study showed favourable association
between healthy plant-based food consumption and "good" microbes in the body!®!l. This
was due to the fact that a plant-based diet replenishes the host intestinal microbiota with
beneficial microbes while maintaining a state of symbiosis with balanced microflora within
the host that results in multiple health benefits, including improved immunity®?!. For
instance, fibre, which is widely available in plants, has been found to consistently increase
lactic acid bacteria, such as Ruminococcus, E. rectale, and Roseburia, and limit the growth
of the Clostridium and Enterococcus species. Polyphenols, also found exclusively in plants,

tend to increase Bifidobacterium and Lactobacillus'™.

Many of the risk factors reported to date that are associated with COVID-19 infection
and mortality relate to nutritional status and specific essential nutrients. A balanced diet with
an abundance of vegetables, fruits, whole grains, and nuts is associated with many substantial
health benefits owing to the high amounts of fibre, polyphenols, vitamins, unsaturated fats,
and minerals!®¥. There was level I and II evidence that supports the use of vitamins B, C, and
D in the treatment of coronavirus-like respiratory diseases, acute respiratory distress
syndrome, and sepsis!>>*%]. Vitamin D, in particular, has been found to play a role in reducing
the risk of COVID-19 infections and deaths®’!. While many food sources only contain low
amounts of vitamin D naturally, certain plant sources, such as algae, fungi, and yeasts,
contain abundant amounts of vitamin D as well as provitamin DI*8). As mushrooms, fungi,
and seaweed are commonly found in Asian cuisine, predominantly among the Chinese,
Japanese, and Korean communities, it is interesting to note that some Asian countries have

managed to keep the outbreak of COVID-19 under control and have experienced lower
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mortality rates. This observation suggests further study on immunonutrition to determine any
links that may exist. Previous research also demonstrated that many naturally occurring
compounds with anti-coronavirus infection properties could be found in common fruits. A
recent study regarding tannic acid, which is abundant in fruits like grapes, berries, and apples,
demonstrated high potential as part of developing anti-COVID-19 therapeutics. Tannic acid
acts as a potent dual inhibitor of two independent enzymes (the main viral protease and the
cellular TMPRSS2 protease), resulting in some degree of SARS-CoV-2 infection

suppression’].

2.5. The Trend and Cost of Plant-Based Diets

A study using Google Trends data was carried out to examine the popularity of
“vegan” search terms around the world in a variety of languages. It showed that the popularity
of veganism was at an all-time high in the midst of the pandemic in 2020 and surpassed the
previous all-time high reported in 2019. Among all the countries in the world, the UK,
Australia, and Israel hold the top three spots for being most inquisitive about plant-based
diets. Moreover, the vegan trend is now twice as popular as it was five years agol®’l. The
vegan diet has also received the highest quality score for any diet as represented by the
Healthy Eating Index 2010 and the Mediterranean Diet Score in a study that included 1,475
participants!®!], In addition, a recent recommendation by the EAT-Lancet Commission on
healthy diets from sustainable food systems supports a 50% or more reduction in the global
consumption of unhealthy foods, including meat, by 2050 in order to meet global nutritional
needs while preserving local and global ecosystems!®?l. With greater opportunity to prepare
meals at home and have more free time to learn about a healthier diet during home
confinement compared to pre-quarantine days, there is probably a greater likelihood that

people will choose plant-based food.

A recent study showed that a plant-based meal prepared at home costs 40% less than
meat or fish meals (£1.77 per person for a meat/fish meal versus £1.06 per person for a plant-
based meal), and it takes one-third less time to prepare. These calculations are based on
weekly meal diaries that were captured online from around 11,000 people in Britain'%’!. The
COVID-19 pandemic has affected 55 million domestic workers worldwide, many of whom
were in fear of or actually experienced reduced working hours, lost income, and even loss of
employment altogether!®¥). The lower cost of plant foods versus meat or fish could also have
contributed to the increase in the number of people adopting a plant-based diet during the

crisis.

COVID-19 may have added momentum to an already rapidly growing trend toward

the consumption of a healthier plant-based diet. As a result of increased awareness about the
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detrimental effects of meat consumption on the environment and human health, and for
ethical reasons relating to animal rights, plant-based diets are increasingly popular and are
often promoted by celebrities and athletes. The Acumen Research and Consulting report
projects that the global vegan food market will reach around US$24.3 billion by 2026 and
will grow at a noteworthy compound annual growth rate of around 9.1% throughout the
forecast period from 2019 to 2026/,

3. Lessons to Learn From the COVID-19 Pandemic

Acknowledging the need for multidisciplinary collaboration to resolve health threats
at the human-animal-ecosystem interface, the WHO, the Food and Agriculture Organization,
and the World Organisation for Animal Health formalized a partnership in 2010 and
identified three priority areas of collaborative work, two of which relate to zoonotic

diseases!®,

In addition to giving rise to global infectious disease threats, an analysis
performed by the World Bank estimated that the economic losses from six major outbreaks
of zoonoses were at least US$80 billion between 1997 and 2009!%”), In view of the deleterious
effect of zoonotic disease, all countries should focus on ways to prevent future pandemics.
Since the COVID-19 pandemic began, consumers have become better informed about the
latest health-related information. Consumers should demand greater transparency about how
their food is produced and be able to base their dietary choices on options that result in less
burden to the planet and less opportunity for zoonotic diseases to arise. This would include
adopting a healthy plant-based diet, banning all wildlife trade at wet markets, or enforcing
stricter regulations, and prohibiting most human activities that involve close contact with
wild animals, such as sport hunting. These steps would help to minimize the risk of human
exposure to novel viral pathogens, improve food security, and reduce the effect of food
production on the environment. The beneficial changes in diet that we observed during the
pandemic may not be sustained if they are not entrenched into the daily habits of consumers.
Established and well-regarded government agencies, such as the US Food and Drug
Administration could play an important role in encouraging and incentivizing restaurants,
schools, and hospitals to offer plant-based food options, engage on social media to promote
a healthy vegan lifestyle, and provide plant-based nutritional guidance to all health

professionals.
4. Conclusion

The COVID-19 pandemic has presented an exceptional situation in which many
people around the world, aware of the causes of zoonoses and the health benefits of eating a
plant-based diet, have changed their eating patterns. Apart from the numerous beneficial

health, environmental, economic, and ethical effects of a plant-based diet, the prospect of
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lessening the risk of future pandemics is perhaps the most important to many people.
Multidisciplinary health experts and authorities across the globe should come together to
produce and implement common sense and data-driven solutions. The emphasis should be
on eliminating, or at least reducing, the use of wild animals and livestock for any purpose,

particularly as a source of food, in order to mitigate future pandemics due to zoonotic disease.
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