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Abstract

Foot Mouth Disease Virus that spreads among animals with split hooves, such as cows, pigs, and sheep. It causes a disease
that makes blisters in the mouth and feet of the animals, and can lead to huge losses for farmers when it breaks out. FMDV
belongs to the Picornaviridae family of viruses, and it has a fast life cycle. It can infect and spread through the animals,
and make new virus particles in less than seven days. FMDV is a virus that makes animals sick. It can be stopped by the
body’s defense system, which has different parts. But FMDV has some tricks to avoid the defense system and keep making
more viruses, as seen in the lab with mice. One of the virus parts, L pro, stops the cell from making IFN-B, which is a
chemical that can fight the virus. This also stops the cell from making its own proteins. Another virus part, 3C pro, breaks
a part of the cell that helps make RNA, which is needed for making proteins. FMDV infection causes a temporary decrease
in lymphocytes in swine, but the process and the viral protein(s) behind this are unclear. In this review, we have discussed
how FMDV interacts with various immune cells such as lymphocytes and antigen presenting cells and what happens as a
result.
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INTRODUCTI ON

Cloven hoofed livestock are mainly affected by foot and mouth disease (FMD), a very infectious viral disease. (Amir, et
al., 2023¢ Ismail, et al., 2023)The FMD virus, which causes the disease, is an Aphthovirus from the Picornaviridae family
(Zhang, et al., 2023). The livestock industry suffers serious economic losses from the infection because of its fast spread,
high sickness rate, (Aslam, et al.,) and reduced productivity (Yadav, et al., 2020). Some animals that live on farms or in
the wild can get sick from a virus. These animals are cows, buffaloes, camels, sheep, goats, and pigs. Many other wild
animals can also get sick from the same virus. There are more than 70 kinds of wild animals that can get sick from it
(Rahman, et al., 2020). are susceptible to foot and mouth disease. The disease has 7 different serotypes, which are O, A,
C, Asial, SAT1, SAT2, and SAT3, and each of them has its own antigenic and epidemiological subtypes (Li, et al., 2023
Njihia, et al., 2022). This diversity is a result of the high mutation rate, recombination, (Ferretti, et al., 2020) and quasi
species dynamics of the virus. (Domingo, et al., 2019)

The disease triggers fever and sores on hairless skin areas, such as mouth, tongue, nose, muzzle, teats, and interdigital
spaces, which result in less eating and walking difficulties. (Julieth, et al., 2020) The severity of FMD symptoms varies
depending on the host species and the viral strain. (Yang, et al., 2022) In cattle and pigs, fever and viremia occur 24 to 48
hours after the virus infects the epithelium. This causes the virus to disseminate to various organs and tissues, and more
sores, especially, on the feet and mouth. (Rodriguez-Habibe, et al., 2020) The infection is acute for about 1 week and
declines slowly with the growth of a strong immune response.

Except for the countries that are historically disease free (Jamal, et al., 2013),All countries that have animals like cows,
sheep, and goats have had foot and mouth disase. The disease is common in many places in Asia, Africa, South America,
and Middle East. There are different types of the disease, called O and A, that are found everywhere. Another type, called
South African territory, is mostly in Africa (but sometimes in the Middle East). And another type, called Asial, is only in
Asia (Ahmed, et al., 2022). The disease used to come and go with the seasons, but now it stays in some parts of Pakistan
all year long, and it can be mild or severe.(ljaz, et al 2022).

RNA viruses change a lot (10—3 to 10—5 mistakes per letter copied) and make copies of themselves very fast, making
many different kinds of viruses, called viral quasispecies (Domingo, et al., 1997). Viral quasispecies can change quickly
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to new situations (Domingo, et al.,2021). These different kinds of viruses make RNA viruses very diverse, which helps
them cause more diseases and infect more hosts (Braun, et al.,2021).Foot and mouth disease virus, an RNA virus that
changes a lot,7 is also used to study how viruses change their host cells and how viral quasispecies change over time
(Domingo, et al 2020). The VVP1 protein of the FMDV capsid is prone to changes and has important functions in how the
virus infects cells, determines its serotype, and interacts with the immune system (Carrillo, et al., 2011). This review
examines the available data on how cattle and pigs respond to FMDV infection through cellular and humoral immunity,
and how the virus escapes these responses to ensure its survival.

FMDV-induced cell-mediated immunity in cattle and pigs

The immune system reacts to FMDV by stimulating lymphocytes and producing antibodies that neutralize the virus based
on its serotype (Rodriguez-Habibe, et al., 2020). The innate immune system has cellular components such as NK cells,
DCs, yd T cells, B cells, macrophages, and granulocytes (Okeke, et al., 2019). These cells are assumed to develop in a
similar way as shown in the mouse, which is the most widely used animal model for studying immunity. (Rodriguez et al
2020).

The Natural Killer cells

NK cells are a type of cell that helps fight viruses by killing cells that have viruses and making chemicals that stop viruses,
such as IFN-y. (Diaz-Salazar, et al 2020) In big animals like cows, NK cells are in many parts of the body such as spleen,
lungs, lymph nodes, liver, blood, and bone marrow. They have CD335 parts that help them kill cells with viruses and
make IFN-y, and they have a CD335+/CD2+/—/CD8+/—/CD3— sign on their outside (Toka, et al., 2013). NK cells from
cows with FMDV infection can kill cow cells very well in the lab (Rodriguez-Habibe, et al., 2020). NK cells in pigs are
like NK cells in other animals, and they have a CD2+/CD8+/CD3— sign on their outside. (Toka, et al 2009) NK cells can
kill FMDV-infected cells better when they get chemicals such as IL-2, IL-12, IL-15, IL-18, or IFN-a. (Toka, et al,.2013)
But NK cells in pigs are not good at killing FMDV-infected cells when they do not get these chemicals. They also do not
make IFN-y and do not kill cells that are easy to kill by NK cells, such as FMDV-infected pig cells and K562 cells, when
they have FMDV infection. This means that NK cells are not helpful in the first part of FMDV infection in pigs (Toka, et
al., 2019). NK cells are stopped by MHC-I proteins on the cell outside; when MHC-I proteins are less, NK cells are more
active during FMDYV infection. (Medina, et al., 2018) NK cells can kill infected cells by making chemicals such as IFN-y
and TNF-a, and by using granzyme, perforin, and Fas ligand. (Konjevi¢, et al., 2019). NK cells also help control the
immune system by making DCs work better. The way NK cells and DCs work together changes how T cells work, which
makes NK cells important for the immune system that learns from infections. (Kucuksezer, et al., 2021).

The Gamma/Delta Cells

The number of y3 T cells in the dome part of the Peyer’s patches changes before and after birth in cows: it goes up at first,
but goes down after birth. But the number of yd T cells in the intestinal villi is low before birth, but goes up after birth.
(David, et al., 2003) In sheep, the thymus controls the normal y8 T cell types in the outside parts of the body, and it has to
work all the time in the animal’s life. (Sinkora, et al., 2016) In pigs, the y5 T cells are easier: they have 12 different mixes
that are in 2 big groups: (1) CD4, yd T cells that are split by CD2/CD8 aa parts, and (2) CD4+, y3 T cells that have CD1,
CD2, and CD8 aa, but do not go to the outside parts of the body.

Young ruminants and swine have 20% to 50% of their T cells with yd TCR. These cells recognize antigens without MHC,
but their specific antigens are unknown. Their role in viral immunity is unclear. The yd T cells act like innate immune
cells by killing infected cells without MHC and making inflammatory cytokines. (Baldwin, et al., 2021)

Some reports say that y8 T cells help cuts heal by making insulin-like growth thing. Most of the information on how FMD
virus changes host protection comes from pigs. When animals got a lot of FMD vaccine, the pig yo T cells made mRNA
of different chemicals that stop viruses and call other cells, which means they have a role in natural protection to infection
or vaccination. These cells were also from FMDV-vaccinated cows and they showed that they could stop and kill infected
cells.30 Some studies also showed that cow y3 T cells could work as APCs because they have MHC class Il and CD 13
and can take and break foreign proteins. (Rodriguez et al 2020) But it is not clear if this working is caused by direct touch
of yo T cells with virus or something else.

Cells of the dendritic system
Dendritic cells (DCs) scan for antigens, including vaccine antigen, in the margins and direct them to T cell-rich areas of
lymph nodes to trigger immune responses. Antigen-presenting cells (APCs) mature and take up more antigen, presenting
viral peptides through MHC classes | and 11 molecules (Male, et al., 2020). These peptides on macrophages stimulate and
sustain T cell response against FMD virus (Rodriguez-Habibe, et al.,2020). A subset of DCs in cattle, called plasmacytoid
(pDCs), can produce type | IFN, which is crucial for controlling viral infections, especially those that block type | IFN
signaling. In blood, lymph nodes, and pseudo afferent lymph, these cells are very few. A group of pDCs with specific
signs (NK—, TCR—, MHC I+, CD3—, CD4+, CD11¢c—, CD14—, CD21-, CD45RB+, CD172a+, and CD32+) was found.
They make a lot of type | IFN when they get TLR9 agonist CpG and FMDYV immune complexes (Reid, et al., 2011). But
they did not work with UV-inactivated FMDV or FMDV empty capsids. Making CD4 cells less in vivo made type | IFN
less in the blood of cows with FMDV infection. This shows that pDCs are important for protection in vaccinated animals,
as type I IFN needs virus antibody complexes in vivo (Ali, et al., 2019). DCs that make a lot of type | IFN were also in
mesenteric lymph nodes, showing their role in lymph nodes (Medina, et al., 2018).
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The role of type | IFN is not clear in the first parts of infection, as making type |1 IFN-making CD4+ cells less did not
change the disease. Also, DCs from monocytes (MoDCs) were linked with dead virus—made FMDV-specific CD4+
memory T lymphocytes, saying that these complexes could be used in making FMDV vaccine (McNab, et al., 2015).

IFN type 111 in bovines

The first cell reaction to a virus infection makes antiviral chemicals, including type I IFN-o/IFN-B. A new family of IFNs,
type III IFN-x, has been found in different animals, such as humans, pigs, chickens, and mice. Also, a type 11 IFN in cows
(bolFN-373) has been found, studied, and made. After infection with viruses or bacteria inside cells, IFN-n—like IFN-
o/IFN-P is made fast in a cell (Kabat, et al., 2013). Type Il IFN, compared to type | IFN, makes similar natural antiviral
reactions but uses different parts for signaling. The working of IFN happens through a two-part cell part made of IL-10Rp,
shared by the IL-10 family of chemicals, and IL-28Ra (Tagawa, et al., 2011). when IFN touches its part, it makes the
Janus kinase-signal transducer and transcription activator work, which starts a signal change that leads to the making of
IFN-stimulated genes (Stanifer, et al., 2019). The main working of IFN-z and all other IFNs is to stop virus making in
infected cells and stop the virus from going to not infected cells. In places where foot-and-mouth disease (FMD) is
common, disease control mostly uses vaccination with dead virus vaccines with adjuvants.

But the use of FMDV vaccines may have some problems. To solve these problems, a different vaccine has been made, in
which not working human adenovirus type 5 (Ad5) was used to give empty FMDV capsids (Mignaqui, et al., 2019).
Research has shown that pigs treated with Ad5s, making pig type I IFN (Ad5-polFN-a/B), got full protection from FMDV
infection one day after injection, and this protection lasted for 3 to 5 days (Medina, et al., 2018).

But in cows, a similar way only made a 1 to 2-day wait in the disease, with less bad signs (Perez-Martin, et al., 2012).
New research has shown that bolFN-3 stopped virus making against vesicular stomatitis virus and FMDV in cow cell
culture. Also, it was shown that treating cows with Ad5-boIFN-3 made wide antiviral working with more making of IFN-
stimulated genes in different parts, including those in the skin and upper breathing tract (Medina, et al., 2020).

Innate immunity to FMDV is mediated by Toll-like receptors

Innate immune cells function according to the receptors on their surfaces (Kucuksezer, et al., 2020). Pathogen recognition
receptors (PRRs), known as toll-like receptors (TLRs) collectively, are found in NK cells, dendritic cells (DCs), and yd T
cells. These receptors identify pathogen-associated molecular patterns present on pathogens' surfaces. Understanding these
signaling molecules is crucial for creating potent preparations for vaccines or immunotherapeutics. When pathogens are
around, PRRs like TLRs are adjusted, boosting immunity against viruses (Carty, et al., 2021).

When FMDV infects animals, it makes a protein called TLR4 more active in their nose tissues (Zhang et al.). This also
makes more mRNA for type | IFNs, which are molecules that fight viruses. This was surprising because FMDV is an
RNA virus, and usually RNA viruses make TLR3 more active, not TLR4. TLR3 can sense dsRNA, which is a kind of
RNA that many RNA viruses make when they copy themselves. TLR4 usually reacts to lipopolysaccharides, which are
molecules from some bacteria (Mazgaeen et al., 2020).Some immune cells called NK cells have TLR7 and TLR8 on them.
These are proteins that can sense some viruses. When TLR7 and TLR8 are activated, NK cells can Kill infected cells
better. But they need help from other immune cells called DCs. If DCs are removed, NK cells cannot kill as well (Wculek,
et al., 2020). Other studies have shown that some DCs have TLR4, TLR5, TLR7, and TLR9 on them. In pigs, these TLRs
can make IFN when they sense CpG, which is a molecule that some viruses have. IFN can help fight viruses (Facci, et al.,
2013). Some researchers have found that FMDV has RNA molecules that can activate TLR7 in pigs. This makes IFN and
T helper 1 cytokines, which are molecules that help the immune system. This means that we might be able to use these
TLRs to make the immune system stronger against viral diseases (Meng, et al., 2020).In more research, some DCs were
found to have TLR4, TLR5, TLR7, and TLR9 on them. In pigs, these TLRs made IFN when they sensed CpG (Facci, et
al., 2013).In other research, some DCs were found to have TLR4, TLR5, TLR7, and TLR9 on them. In pigs, these TLRs
made IFN when they sensed CpG (Facci, et al., 2013). Some researchers have found that FMDV has RNA molecules that
can activate TLR7 in pigs. This makes IFN and T helper 1 cytokines. This means that we might be able to use these TLRs
to make the immune system stronger against viral diseases (Meng, et al., 2020).

There are other proteins that can sense viruses in immune cells. They are called RIG-1-like receptors (RLRs) (Wicherska-
Pawtowska, et al., 2021). TLRs are on the outside or inside of the cell, but RLRs are in the cell fluid. This makes them
better at finding viral RNA. For example, a protein called MDAGS can find FMDV in pig kidney cells. Another virus called
classical swine fever virus can be found by MDAS, TLR3, and RIG-I. These proteins can make IFN-f, which is another
molecule that fights viruses (Kim, et al., 2021). Ma, et al. showed that FMDV has a protein called L pro that can stop type
I IFNs from being made. It does this by stopping RIG-I from working properly. This supports the idea that FMDV mainly
uses MDADS to signal.

Immune response at the cellular level

To find out how cattle fight FMDV, researchers used to look for antibodies in their nose and throat fluids. These antibodies
are proteins that can stop the virus. Cattle that get FMDV make more antibodies in their blood after 7 to 10 days. These
antibodies are very specific to the type of FMDV. The antibody level goes up after 28 days and stays high. In some cattle,
this antibody response lasts for up to 40 weeks (Pega et al., 2015).
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Li et al. in 2010 showed that cattle get better from FMDV when they have neutralizing antibodies. These are antibodies
that can block the virus from infecting cells. Pega et al. (2013) found these antibodies in the nose and saliva of cattle that
got FMDV through their nose. McVicar and Sutmoller also found these antibodies in the saliva and throat fluids of cattle
that got FMDV the same way. This suggests that the antibody response in the nose and throat might be different from the
one in the blood. Other studies found FMDV-specific IgM and IgA in the throat fluids a week after infection. These
antibodies might come from the blood (Gordon et al., 2022). Only IgA antibodies found later in the infection were related
to the nose and throat response. But there is no evidence of a nose and throat response before day 7 (Pega et al., 2013).
FMDV can change a lot because it has different parts that the antibodies can recognize. This means that the antibodies
might only work against one type of FMDV, not others. Studies have shown that animals that get infected with one type
of FMDV can still get infected with six other types. This makes it hard to diagnose FMDV by looking at the antibodies
(Yang etal., 2016). Yang et al. made two FMDV antibodies (mAbs) from mice that got FMDV type O (whole virus, 140S)
or FMDV type A (part of the virus, 12S). These mAbs (F1412SA and F21140SO) could recognize all seven types of
FMDYV in a test called ELISA. This means that they can bind to parts of the virus that are the same in all types. Both mAbs
are IgG1 and have kappa light chains.

Pega et al. saw that cattle that got FMDV through the air made more antibody-producing cells (ASC) in their immune
organs. They saw that FMDV-ASC appeared in all the cattle at day 4 after infection. The most active organs were the ones
near the lungs and the main antibody type was IgM, followed by IgG1. The number of FMDV-ASC went up at day 5 and
6, especially in the upper airway organs. The antibody response in the nose and throat was weaker than the one in the
blood. The high level of IgM in the blood at day 5 matched with a low level of viral RNA in the blood. This means that
cattle make a fast and strong antibody response in their airways after getting FMDV through the nose. The types and
timing of the antibodies show that they do not need T cells to help them. They can clear the virus with IgM in cattle that
get FMDV from the same type (Pega et al., 2013).

FMDV's strategies for evading the immune response

FMDV is a virus that makes mammal cells less able to fight infections. It does this by stopping some molecules that can
stop the virus and by hiding some proteins that show the virus is there. It also affects how the cells make and send other
proteins (Sarry et al., 2022). Medina et al. in 2018 showed that the virus makes the cells’ first defense weaker in the lab
and also touches some cells that can show the virus to other cells. This touch between the cells and the virus makes the
cells’ defense worse, and it takes longer for some cells called T cells to start fighting the virus. This helps the virus make
more copies of itself.

Impact of FMDV on active immunity Interruption

FMDV starts by infecting the cells that cover the body. The virus sticks to a part of the cell and then goes inside the cell
(Martin-Acebes et al., 2009). The virus has RNA that tells the cell how to make the virus parts. Some of these parts are
for the outside of the virus (capsid proteins) and some are for the inside (NS proteins). The NS proteins help the virus use
the cell to make more viruses and stop the cell from fighting back. Some FMDV parts in the cell have special jobs, like
stopping the first defense (Toka et al., 2013).

One of the FMDV parts is a proteinase called L pro. It cuts itself from the long virus part (Mann et al., 2019). It also cuts
a part of the cell called elF4G, which helps the cell make proteins from mRNA. This stops the cell from making its own
proteins, but the virus can still make its proteins (Lépez-Lastra et al., 2010). L pro also stops the cell from making Type |
interferon (IFN), which is a molecule that can fight the virus. It does this by stopping IFN-B from being made and sent
(Khabar et al., 2007). Studies in the lab show that FMDV infection, with L pro, breaks down a part of the cell called NF-
«B, which helps make IFN and other things for the first defense (De et al., 2007). We don’t know exactly how L pro does
this, but we know that it needs to stay in the cell and go to the center of the cell. If we change a part of L pro that helps it
stay in the cell, the virus becomes weaker in the lab and in animals (Golde et al., 2011). L pro also breaks down some
parts of the cell called IFN regulatory factor 3/7 in the lab, which might make it harder for the cell to fight the virus, but
we don’t know if this happens during FMDYV infection. Some cells called cytotoxic T lymphocytes (CTLs) can find and
kill cells that have the virus. They do this by seeing some virus parts on the cell surface (Nutt et al., 2019). We have seen
CTLs fight FMDV (Diaz-San et al., 2017). But FMDV has ways to avoid this. The NS proteins 2B and 2C, or their part
2BC, stop the cell from sending proteins, as shown in the lab (Fullen et al., 2011). Cells that have FMDV have less MHC
class I molecules on their surface. These are molecules that show the virus parts to the CTLs. This is a trick that some
cancers and viruses use to escape from the CTLs (Golde et al., 2011). But the cell’s defense has another way to survive.
It sends some cells called natural killer (NK) cells to kill cells that have low MHC class I. However, during FMDV
infection, NK cells are not very good at killing cells or making IFN-y, which is a molecule that helps the defense (Toka
etal., 2013). There are other FMDV NS proteins that make the virus stronger, but we don’t know how they work. FMDV
is a virus that makes animals sick. It has some parts that make it stronger and harder to stop, but we don’t know how they
work. For example, Falk et al. saw that one part of the virus called 3Cpro cuts some parts of the cell that make RNA,
which is needed for making proteins. 3Cpro also cuts some parts of the cell that help with translation, which is the process
of making proteins from RNA (Dougherty et al., 2010).

FMDYV Interaction with DCs
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FMDV also affects some cells that can show the virus to other cells. These cells are important for the immune system,
which is the body’s defense against infections. When FMDYV gets into the body, it first infects the cells that cover the
body. Then it meets the cells that can show the virus. This makes the body tissues hurt, and the body makes some chemicals
that start the immune system. These chemicals make the blood vessels bigger and leaky, and bring some white blood cells
to the infection site (Chrousos et al., 2000). These white blood cells can change into different types of cells that can show
the virus (Kou et al., 2011).

In the lab, FMDV makes the cells that can show the virus less able to do their job. It lowers some molecules on their
surface that help them talk to T cells, which are cells that can fight the virus. When the cells that can show the virus are
exposed to live FMDV, they make more IL-10, which is a chemical that can weaken the immune system, in T cells that
are with them (Guzman et al., 2014). Also, when the cells that can show the virus are with some other cells called
splenocytes, live FMDV makes them have more 1gM, which is a type of antibody that can stop the virus. This IgM makes
the cells that can show the virus make more IL-6, which then makes the splenocytes make more IL-10, this time from B
cells, which are cells that can make antibodies (Puga et al., 2012). Some cells that can show the virus come from other
cells called monocytes. These cells can change into cells that can show the virus when there is inflammation, like in
FMDV infection. These cells are interesting for researchers. Some of these cells, like some cells from pig skin, can make
IFN-a, which is a chemical that can fight the virus, when they are exposed to different types of FMDYV in the lab. But
when pigs get FMDV, their monocytes cannot change into cells that can show the virus in the lab, and they cannot make
IFN-a when they meet some molecules that can start the immune system (Golde et al., 2011). However, monocytes from
FMDV-infected pigs can still become cells that can show the virus by keeping some molecules on their surface and
breaking down the virus. These cells cannot make the T cells react, which means they are not working well. FMDV might
stop IFN responses by turning off some genes that are important for the cells that can show the virus (Diaz-San Segundo
et al., 2009).

There is another type of cells that can show the virus called plasmacytoid DCs (pDCs). They are different from other
cells and they can make a lot of IFNs when they meet viruses. Pig pDCs that are infected with FMDV and antibodies can
make IFN-a. But they do not get infected or make IFN-o when they meet the virus alone (Rodriguez-Habibe et al., 2020).
When pigs get FMDV, they have less pDCs in their blood. The pDCs that are left can still make IFN-o when they meet
FMDV or some molecules that can start the immune system, but they lose this ability for a while (Chen et al., 2015).

FMDV-induced early antibody response

FMDYV is a virus that makes animals sick. When cattle get FMDV, they make antibodies that can stop the virus. Antibodies
are proteins that fight infections. They can measure antibodies in the blood as IgM, IgA, and IgG. IgM shows up first,
after 3 to 4 days. Then IgA and IgG show up later, after 1 to 2 weeks (Eschbaumer et al., 2016). Pigs have a similar
response to FMDV (Senthilkumaran et al., 2017). In cattle, the 1gG antibodies become stronger even without help from T
cells, which are cells that can fight the virus. The cattle can make IgM antibodies without T cell help, too, and they have
a lot of IgM in their blood even with T cell help (Habiela et al., 2017). These antibody responses may start without help
from dendritic cells (DCs), which are cells that can show the virus to other cells. But they may need some things from
DCs, like BAFF, to change the type of antibodies they make. In a lab model with pig cells, they saw that both IL-2 and
BAFF were needed for memory 1gG responses, which are antibodies that remember the virus. This shows the effect of T
cell help using BAFF from DCs and IL-2 from outside (Woolsey et al., 2018). DCs may make IL-2 sometimes, but we
don’t know for sure how they help the first antibody response to FMDV. We think that DCs help T cells respond better,
which will make memory B cells after vaccination. This will protect the animals from FMDV (McCullough et al., 2019).

T cell Response Manipulation by FMDV
When pigs get FMDV, their T cell function gets worse (Zhu et al., 2022). In sick animals, they have fewer lymphocytes,
which are white blood cells, especially CD8+ cells, which are a type of T cells. This starts around day 2 after infection
and gets better by day 4. But even then, the T cells don’t react well to concanavalin A, which is something that makes
them grow. This means that they are still not working well (Golde et al., 2011). Another study showed that FMDV type
C infected both T and B cells a lot (30% and 60%, respectively). This made them have fewer lymphocytes, especially
CD8+ T cells, and they also didn’t react well to concanavalin A (Ostrycharz et al., 2022). The lymphocyte infection didn’t
kill the cells, so that was not the reason for having fewer lymphocytes. They thought that maybe IFN made the lymphocytes
move from the blood to the tissues and the infection site. IFN is a chemical that can fight the virus. Studies with mice
supported this idea, showing that giving IFN-a to mice made them have fewer lymphocytes, but not in mice that didn’t
have the IFN-o/IFN-f receptor. This is similar to what they saw in sick pig blood, which had a lot of type I IFNs (Rosell
et al., 2018; Cai et al., 2017). This kind of IFN-induced lymphopenia, which means having fewer lymphocytes, may not
mean that the immune system is weaker, but it may help the animals (Kamphuis et al., 2006).
In sick pigs, having more lymphocytes again seems to be related to different movements because of cytokine signals,
rather than just losing and making more lymphocytes (Toka et al., 2009). Cytokines are chemicals that help the immune
system. They also saw that FMDYV infected cow lymphocytes in the lab, but they didn’t react much to concanavalin A
(Ohetal., 2012). But T cells from sick cows grew well when they met other things that were not FMDV or concanavalin
A during FMDV infection (Golde et al., 2011). They also saw a small T cell response to FMDV antigen, which is a part
of the virus, with low levels of IL-10 in the blood using tests that measured growth until day 19 after infection (Golde et
al., 2011). FMDV is a virus that makes animals sick. It is hard to know how it affects T cells, which are cells that can fight
the virus. This is because different things happen in the lab and in the animals with different types of FMDV, especially
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in cows and pigs. Also, things might change if the virus is grown in cells that cannot make the part that the virus sticks to,
or if the virus is taken from animals (Shin et al., 2013). To solve this problem, we need to do studies that compare the
virus type and how it looks with how T cells respond to FMDV infection, both in the lab and in the animals (Domingo et
al., 2020).

CONCLUSION

Many studies show that antibodies are more important than the first defense in the early response to FMDV infection.
Antibodies are proteins that can stop the virus. In pigs, FMDV makes more copies of itself very fast and makes a lot of
virus in the blood. This lowers the level of IFN, which is a chemical that can fight the virus. This makes the pigs have
fewer lymphocytes, which are white blood cells, and makes the first defense weaker. In cows, FMDV does not lower the
IFN level as much as in pigs. They also do not have fewer lymphocytes or a weaker defense. It is important to know how
FMDV infects animals to control the disease better. We need to know how different parts of the immune system, which
is the body’s defense against infections, affect how the disease gets worse and hurts the animals. This will help us learn
more about how the virus spreads and how to stop it
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