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Abstract
A pandemic is defined by World Health Organization as an epidemic that occurs worldwide, crossing
international borders and typically affects a huge number of people. Their impact in terms of health,
economic and social consequences is disastrous. There have been a number of significant pandemics
recorded in human history but their frequency and impact of emerging and re-emerging diseases have
increased over the last few decades. There is no doubt that the world is changing rapidly due to
globalization, climate change, disease outbreaks and the pandemic has exacerbated the condition.
COVID-19 has already been established as pandemic among human and several vaccines, medicines as
well phytochemicals are already in the market as immunomodulator to protect this. It has affected day
to day life and is slowing down the global economy. The livestock sector is also not untouched and
resulted in hardships to millions of poor livestock keepers. But, whether this segment will be doomed
forever depends on our various coping strategies. Keeping this in view, the current review has been
written to highlight the impact of COVID-19 in animal health, phytochemical developments as well as
various impact on livestock sector.
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1.  Introduction

With the beginning of Chinese New Year, news emerged of an outbreak
of respiratory illness of unknown aetiology in Wuhan, China which
was later termed as coronavirus disease 2019 (COVID-19), caused
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
and rapidly spread to most of the countries and became a large-scale
pandemic (Zhu et al., 2020). Since its first occurrence, it had infected
more than 100 million people till date which resulted in more than 2
million deaths worldwide (Song et al., 2020; WHO, 2020) which is
still increasing in counts hourly. For prevention and control in human,
other than treatment of symptomatic patients, various measures
include monitoring of asymptomatic infections, follow-up and
monitoring after disease recovery and discharge, close contact tracking,
high-risk population screening, and use of disinfectants to destroy
the source, but the only effective and possible way for the radical
control of COVID-19 infection is by effective vaccination (Bauer et
al., 2021). Several vaccines with varying efficacy and safety were
produced worldwide and were used by the global population through
vaccination drives by respective nations (Kyriakidis et al., 2021). In
recent years, animal welfare during disease outbreaks has received
considerable attention throughout the world, raising concerns over
humane options for impacted animals. Therefore, there is an urgent
need to recognize the possible threats and attempts be made to

lessen the negative impacts on the human as well as livestock
(production systems). Hence, understanding different strategies in
key sectors that contributes immunity to the human and livestock
and food security, nutrition and livelihood to the world’s most
vulnerable populations.

2.  COVID-19 on animal health

It is well known now that COVID-19 is not restricted to human
populations only; reports of increasing positive cases in animals are
also observed. The first report in animals was infection in a 4-years
old female tiger ‘Nadia’ at the Bronx Zoo in United States possibly
after contracting with an asymptomatic employee (BBC News, 2020).
The zoo veterinarians ran a number of diagnostic tests on her who
exhibited symptoms of respiratory difficulties and other issues before
considering it as coronavirus infection. In India, first reported death
of animal due to COVID-19 infection was nine-year-old lioness, named
Neela on June 3, 2021 at Arignar Anna Zoological Park (India Times,
2021). In Coimbatore and Nilgiris, from two camps the Forest
Department collected swab samples to test 56 numbers of captive
elephants (NDTV, 2021). This decision to test the elephants came
only after nine Asiatic lions at the Vandalur zoo were tested positive
for COVID-19 and one of them died of the infection (Hindu, 2021).
These incidences surprised the whole world because in 2002 SARS
pandemic, no animals were infected (Seattle Times, 2021). The
University of Tennessee collected biological samples from 75 captive
felids for detection of feline corona virus (FCoV) gene. The findings
revealed that over half of the felids in these tests were found positive
for FCoV infection by either genetic detection or serological techniques
(Kennedy et al., 2002). There were various reports suggesting that
cats could be infected with SARS-CoV-2 and they could also transmit
the infection to other cats under particular conditions. Ever since
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then, there has been confirmed report of infection in minks of two
countries (Denmark and Netherlands), big cats kept in zoos, pet
dogs, even in ferrets and also in variety of different species of animals
(Mallapaty, 2021). It is also suggested that the SARS-CoV-2 virus
originated from bats and evidences suggest that other species of wild
animals may also be infected. However, transmission to or from
companion animals that spend a lot of time in close contact with
people also presents extra problems for trying to control
a pandemic in humans (Science Alert, 2021). Animals could play an
important role in SARS-CoV-2 disease transmission. The recently
confirmed COVID-19 cases in the Netherlands due to mink could
suggest that animal to human viral spillover is possible (Kiros et al.,
2020). In the current pandemic, the situation is rapidly evolving and
in light of the recent evidence, people should be aware of the
potentiality of COVID-19 infection to humans from animals which
are in close proximity with humans such as pets and other
domesticated animals. Therefore, the usual precautionary measures
should always be there as one part of a disease prevention strategy
when dealing or spending time with companion animals. It is
imperative that the pets infected with SARS-CoV-2 is detected,
particularly those whose owners has been tested positive as well as
subsequent isolation of such cases to prevent the recurrence of
COVID-19.  Along with other successful management of the pandemic,
it is very critical to conduct further studies on the overall zoonotic
risks of SARS-CoV- 2 (Calvet et al., 2021) as well as on the putative
intermediate host, so that the re-emergence of the virus may be
prevented. Furthermore, all countries must enhance their strategy
firmly as means of legislation for animal epidemic prevention and
control like Netherlands, Spain, USA and China who have already
adopted. The development of vaccine for mitigating effects of COVID-
19 or SARS-CoV-2 virus to the animal sector is also one of the impor-
tant factors. Russia had registered world’s first corona virus vaccine
for animals, describing the step as important to disrupting mutations.
The vaccine called Carnivak-Cov had been tested beginning October,
2020 on dogs, cats, mink, foxes and other animals and was proven to
be effective (Times of India, 2020).

Currently numbers of vaccines against bovine corona virus have
been successfully licensed in the United States of America. The
disease occurs in calves within a few days of birth, it is essential that
these vaccines work very rapidly. As it affects the young calves, the
vaccines are thereby given to cows before calving as the antibodies
which are present in the colostrums will find its way into the calf
and provide it with passive immunity. On the other hand, the calves
which are one day old or a few days old may be provided with
intranasal vaccines. This intranasal vaccine induces an immediate
onset of protection against the virus as it induces innate immune
response followed by production of interferons. As per
epidemiological studies the protection of the cattle against the disease
correlate with the serum neutralizing as well as the levels of
haemagglutinating antibodies (Ian, 2020). Very recently, the State
Department of Agriculture, Trade and Consumer Protection of  USA
approved the use of a vaccine for mink made by veterinary pharma-
ceutical company, Zoetis, in May, 2021 for experimental use against
SARS-CoV-2 (WPR, 2021). The unique combination of antigen and
carrier ensure safety and efficacy for the species in which a vaccine
is used. After application of many years of experience, scientists
from the Zoetis’ research and development, Michigan were able to
develop vaccines for other corona viruses specially for poultry, dogs
and cattle. The specialty of the Zoetis’ COVID-19 vaccine is that it

is formulated specifically for animal species. The virus that is used
for formulation of this vaccine is the same with that of the human
vaccine. However, the carrier or the adjuvant that is used in animal
vaccine differs from that of the human vaccine. A real time polymerase
chain reaction (PCR) has been developed by Zoetis to detect the
presence of SARS-CoV-2 specifically in feline and canine has been
validated which shall further support the veterinarians of the globe
in preventing the disease transmission (Zoetis, 2021).

3.  Application of phytochemical against COVID-19 in animals

Plant based antiviral products with little known side effects and also
with enhance immunomodulatory effects can be used to fight against
COVID-19, both in human as well as in animal. An initial protection
against the virus may be conferred by phytochemicals with their
anti-inflammatory, antiviral and immunomodulatory properties.
There is abundance of naturally available medicinal plants with some
health benefits in India recommended by AYUSH (Khan et al., 2020).
The leaves of tulsi plant are a versatile herb with immense medicinal
values and are used to manage various ailments like pain, fever,
cough and cold as well as diarrhoea since ancient times. Proven
antiviral efficacy of tulsi is reported for animal viruses such as vaccinia
virus, newcastle disease virus and infectious bursal disease virus
(Prakash and Gupta, 2005). Studies suggest that the phenolic contents
in tulsi which provides antioxidant properties are beneficial in
respiratory disorders like cough and cold, bronchitis, asthma, and
influenza (Shivananjappa and Joshi, 2012) and may be helpful in
combating SARS-CoV-2 viral load.The plant derived phytochemicals
(particularly polyphenols) with putative active substances such as
flavonoids, gallates, and quercetins, are potent inhibitors to prevent
the proliferation of the COVID-19 inducing coronavirus (Youssef et
al., 2020). Biflavonoids from Torreya nucifera inhibits the replication
of SARS-CoV-2 CL pro irrespective of human and animals. Senna
alata, a large flowering plant is currently being used for treatment of
flu, fever, malaria and other medical conditions due to presence of
active compounds like quinines, alkaloids and terpenes may helpful
for prevention of corona virus infection.

Aromatic plants and  herbs  downregulate  the pre-inflammatory
mediators, namely; IL-1, 6, 10 and 18, TNF-alpha and NF-kappa
B associated with  the cytokine  storm in  case of COVID-19, which
has proved to be deadly. Concurrently, uses of several medicinal
plants (Tinospora cordifolia, Ocimum sanctum Linn. etc.) extract
enhancement of expression of nitric oxide synthase, production
of IgG, IFN-gamma and IL-4 and activation of T helper cells, and NK
cells, promises to provide protection along with therapeutic
potential. These can be contribution in enhancing the body’s immune
system along with  strengthening  and maintaining  the health of
the respiratory  tract,  the  preferred  host  for  the SARS-CoV-2
(Mehrotra, 2020). In other hand spices like ginger, cumin, cloves,
turmeric, garlic, etc., contain polyphenols, flavonoids, saponins and
alkaloids. The antioxidant, anti-inflammatory and immunomodulatory
effects of spices can potentiate health functionality by acting on
various pathological processes (Palai et al., 2020). The risks of
coronavirus (COVID-19) can be mitigated with a special reference
the respiratory health by the use of these spices every day, which
strengthens the natural protection mechanism (immunity) of the
body.

Herbal remedy programs issued by the China Health Authority to
prevent the spread of COVID-19 included the use of two herbal
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medicinal formulas from Radix astragali (Huangqi) and Glycyrrhizae
radix Et Rhizoma (Gancao), which was proven successful and could
be implemented for both human and animal health (Youssef et al.,
2020). Roots of licorice plant exhibits some bioactive properties like
antitumoral, anti-inflammatory, and antiviral effects on both animal
as well as human health. Glycyrrhizic acid (glycyrrhizin, GL) and its
aglycone glycyrrhetinic acid (GLA) has also shown in vitro efficacy
against a large number of viruses such as herpes virus, flavivirus,
Hepatitis C virus, human immunodeficiency virus, and SARS
coronavirus (SARS-CoV). Inhibition of viral proliferation is
demonstrated with these components in vero cell lines and in patients.
Sugar moieties in the glycyrrhizic acid are responsible for the anti-
SARS activity, as it is seen that a replacement of these with functional
groups resulted in a loss in activity. Herbs used earlier to block SARS
could also successfully inhibit SARS-CoV-2 infection. To explore
this, Wen et al. (2011) examined the extracts from over 50 traditional
Chinese medicinal herbs on anti-SARS-CoV activity using a Vero E6
cell-based cytopathogenic effect assay. This outcome of the study
revealed that six novel extracts may be used as potential SARS-CoV
drug targets. These herbal extracts were derived from plants like
Rhizoma cibotii, Gentianae radix, Dioscoreae rhizoma, Cassiae
semen, and Loranthi ramus; all of them inhibited SARS-CoV
replication, and two of them inhibited virus protease activity(Ul
Qamar et al., 2020).

4.  Development on plant based recombinant vaccines

Researchers throughout the globe have given significant efforts to
design and develop effective vaccines and antiviral therapeutic drugs
to curb the spread of COVID-19. Molecular farming is a term to
describe the use of plants for production of recombinant vaccines
and drugs which has been used for more than 30 years (Takeyama et
al., 2015). The synthesis of desirable recombinant proteins
(pharmaceuticals and industrial proteins) using whole plants or in
vitro cultured plant tissues/cells in large-scale bioreactors is termed
molecular farming. Plant secondary metabolites have significant
biological and ecological functions in chemical defense because of
their antioxidative and antimicrobial activities. Apart from production
of recombinant plant vaccines, molecular farming can also be used
for the large-scale production of these secondary metabolites from
plants. These plant based biological products are comparatively
stable, safe, effective, easily available, and affordable. Plant molecular
farming could facilitate an accelerated rate of production of these
biologicals on industrial scale, and has the potential to fulfill emergency
needs, as in the present situation of COVID-19 pandemic (Dhama et
al., 2020). Plants possess a greater ability to act as bioreactor system
which supports many important biological processes including virus-
like particles (VLPs) and vaccines. Transformation of plants with
foreign genes leads to production of protein drugs, vaccines, and
antibodies against different human as well as animal pathogens. As a
result, plants make it simple to store protein vaccines and medications
in a safe, cost-effective and trouble-free manner. Advantages of plant-
based reactors are: (i) lower cost in maintenance; (ii) lower risks of
contamination from animal pathogens; (iii) competence to implement
modifications in eukaryotic post-translational machinery function;
and (iv) being amenable to the large-scale manufacturing process.
Initial works were done to produce plant-based vaccines by expres-
sing antibodies using tobacco plants. The world’s first plant-based
vaccine approved for the newcastle disease virus (NDV) by the United
States Department of Agriculture (USDA) is for poultry. It confers

more than 90% protective efficiency in chicken, following the
challenges faced with NDV (Shahid et al., 2020). The only other
plant-based product licensed is the plant-made single-chain fragment
variable monoclonal antibody (scFv mAb) used for the production
of a recombinant Hepatitis B virus (HBV) vaccine in Cuba. Few
examples of plant-made vaccines and therapeutics produced through
molecular farming methods include vaccines to combat cholera,
dengue fever virus and HBV, monoclonal antibodies to HIV, Ebola
also helps in treatment of patients suffering with gaucher disease by
providing glucocerebrsidase which is the therapeutic agent for the
disease. Several molecular farming companies and research laboratories
have taken up the challenge to combat COVID-19 and to meet up the
shortage of COVID-19 detection tests that could be alleviated by
producing diagnostic agents in plants. Plant based vaccines have a
huge potential and may play an important role in transforming the
field of vaccine production. Considering the future prospects and
demands, these plant-based vaccines have the potential to revolutio-
nize the field of vaccinology. This highlights the development,
production, and use of plant-based vaccines and antibodies as a
mitigation strategy to combat COVID-19 pandemics (Mahmood et
al., 2020) in near future.

5. Impact of COVID-19 in livestock and poultry sector

There has been an important impact on livestock and poultry
production and its supply due to adverse effect of COVID-19
pandemic which has mostly affected the availability of livestock as
well as poultry products for daily consumption by the public (Biswal
et al., 2020). The prime issue arising during the pandemic was the
lack of marketing opportunity, which enforced the possession of the
animals for longer period beyond the marketing age. It has led to an
increased economic loss to the farmers as they had to feed the animals
beyond the marketable weight. Limited access to livestock feed due
to restricted transportation and lockdown measures were a major
cause of concern for the livestock farmers. Restrictions in movement
and the disruption of trade both import and export has cut the access
of farmers to breeding as well as replacement stock (e.g., day old
chick, heifers, piglets, gilts and semen of different species) (FAO,
2020). Many developing countries including large parts of Africa
and Middle East depend on imports of livestock and poultry
products. Thereby, import restrictions had a greater impact on its
consumption, which has affected both the producers and consumers
of the world. The small-scale producers have been adversely affected
due to the closure of daily live markets (Aday and Aday, 2020)
where they sell their produces. Due to logistical issues, there has
been drop in demand and reduced sale leading to lowering of prices.
This has resulted in dumping of products or keeping their stocks for
longer period of time, which has led to higher production rate and
heavy economical loss. In developing nations, small animals or
poultry are primarily reared by women which acts an essential source
of income which is directed towards purchase of essential
commodities as well as for  fulfilling nutritional requirements is
disrupts. Along with the decrease in livestock production, the COVID-
19 pandemic had a significant adverse effect on the supply chain.
Movement restriction and disruption has impacted the role of
intermediaries/middle man who play a vital role in collecting animals
and their produces from small scale farms to the market. The
disruption of this network has thereby made the farmers lose their
link with the larger buyers who sell the produces. The disruption of
animal health extension services combined with interruption of the
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delivery and use of vaccines and medicines has increased the likelihood
of occurrence of future epizootics that may cause major livestock
losses and outbreaks of diseases. Various activities such as vaccination,
treatment of sick animals and bio-security have been adversely
affected due to shortage of labour which has reduced the capacity to
work on such activities. Due to the restricted movement, the farmers
have not been able to avail veterinary services and health inputs and
challenges developed for veterinary and veterinary professionals to
visit the farms due to COVID-19 protocols (Slabodkin, 2020; Herper
and Branswell, 2020).

Following the nation wide lockdown, the closures of dairy food
outlets, restaurants, hotels as well as the prohibition of all types of
social and cultural programs, had sharply decreased the market
demand for milk, eggs, meat and its byproducts. Milk being a
perishable food product, it encountered with troubles as the milk
marketing channels were badly affected. As reported farmers had to
throw their farm produce milk on the streets as a symbolic protest
since they were not able to sell their produces in the market (The
Financial Express, 2020). There has been a reduction in the purchasing
power of the people which has led to reduced public procurement.
The imposing of various containment or lockdown measures has led
to people losing their jobs rendering millions in the world
unemployed. With the incidence of COVID-19, the dairy industry in
India and developing countries has suffered significantly due to the
reduced overall demand of about 25-30% in the country, at least
during first quarter after the lockdown from March 2020 onwards
(Shashidhar, 2020).

In India, the poultry industry was one of the initial victims of
misconception of COVID-19, where various social media posts linked
chicken consumption with contraction of coronavirus infection. The
impact on poultry and allied industry was analysed and documented
properly several states of India in Table 1 (Kolluri et al., 2021). The
industry saw the demand for chicken and eggs fall by 30% to 40%.
Farmers resorted to distress sale and some had culled the birds.
Though, the market recovered in the first half of 2021, poultry
industry representatives say that the industry continues to be in the
red across the country. The poultry industry alone suffers loses
around Rs. 22,000 crores during COVID-19 crisis (Kurmantah, 2021).
The poultry industry and allied sector also reported drop in sale of
livestocks’ rearing equipment and feed. Now, that these mis-
conception has been cleared after poultry industry and government
launched massive awareness campaigns that consumptions of poultry
meat do not cause COVID-19 infection and it additionally provides
adequate protein to the human body that is essential in producing
immunity in the body during COVID-19 infection. Global trade and
cooperation will help administrations around the world to synchronize
their existing legislation relating to markets, disease control, poultry
nutrition, and drug and vaccine licensing of veterinary profession,
especially after the COVID-19 pandemic. Consumers’ desire for high-
quality meat products will strongly influence production practices
so breeders, veterinarians, farmers and all other partners involved in
the meat and poultry industry chain should share more tasks to
strengthen the industry. Biosecurity, hygiene, immunity are the first
lines of defense, perhaps the biggest lesson globe has learned from
the COVID-19 (Garcia, 2020) pandemic as well SARS-CoV-2 virus
(COVID-19) is not associated with livestock, poultry or associated

products. The COVID-19 pandemic has given a lesson to take global
health as one unit. Similarly, there is an urgent need for the meat and
poultry industry to unify its health and biosecurity systems as one
unit. Improve protection, prevention and control programs in
livestock and poultry farms ensure product quality and implement
new programs to prevent the transmission of zoonotic diseases and
development of risk free phytomedicine which enhance the innate
immunity of animals as the first line of disease prevention and control.

Table 1: Price (US Dollar) trend of various poultry entities
during COVID-19 pandemic 2020 (Copied from Kolluri
et al., 2021).

Parameter January February March April

Production cost

Live broiler (kg) 0.90 0.84 0.79 0.87

Table eggs (per 100) 5.00 5.00 4.00 4.00

Fertile eggs (per 100) 20.00 20.00 20.00 20.00

Farm gate prices of broilers (per kg live weight)

Andhra Pradesh 1.22 0.77 0.35 1.00

Telangana 1.17 0.74 0.36 0.93

Tamil Nadu 1.23 0.90 0.56 1.15

Maharashtra 1.12 0.69 0.34 0.99

Uttar Pradesh 1.33 0.80 0.66 0.66

Overall mean price 1.0 0.27 0.14 0.68

Dressed chicken (kg) 2.03 1.36 0.68 2.71

 Prevailing sale price of table eggs (per 100)

East Godavari 6.08 5.01 4.34 4.69

Hyderabad 5.67 4.80 4.00 5.03

Namakkal 5.61 5.15 4.10 5.43

Pune 6.57 5.61 4.76 5.74

Kolkata 6.54 5.40 5.00 4.91

Overall mean price 6.00 5.00 4.00 5.00

Fertile eggs (per 100) 20.00 19.00 10.00 16.00

Broiler feed cost (kg) 0.39 0.38 0.37 0.36

Layer feed cost (kg) 0.29 0.27 0.26 0.25

Calculated price indices

Broiler price index 107.30a 69.09b 40.58c 83.44b

Egg price index 97.18a 79.30b 67.25c 75.78b,c

Maize (feed-grade) prices

Projected 27.21 26.53 21.77 20.45

Realized 27.49 24.72 19.49 18.91

a,b,cMeans with different superscripts within rows differ significantly
(P <  0.05).
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6.  Conclusion

The COVID-19 pandemic has taught the entire world that research
must continue and be redirected to uncover new vaccines. For human
as well as animals, quick and affordable diagnostic tools and additional
methods for disease prevention are essential in which phytochemical
may play a major role in future. Research and development in the
identification and control of livestock and poultry diseases should
not be limited to currently known diseases apart from human
counterpart. It must be potent and integrated with emerging zoonotic
diseases that may require new vaccines to control them. Continuing
education programs should be implemented at all levels of the
livestock industry and should be renewed in specified time. The
whole world is now almost paralyzed for almost two years by
coronavirus. It goes without saying that the big catastrophe is coming
in the economy. If this situation is prolonged, food crisis will start
globally. The most pressing need at the moment to focus is in the
livestock sector including development of phytochemical, agriculture
for sustainable health approach in human being.
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