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Abstract 

As seen by prior tragic outbreaks in many places throughout the world, the foot and mouth disease virus, or "FMDV," is 
one of the most critical challenges in animal health. In this review, the major features of FMDV, as well as aspects of its 
interactions with cells and hosts, were discussed. On the other hand, present and upcoming FMD treatment approaches. 
The first vertebrate virus found was the foot-and-mouth disease virus (FMDV). A capsid protein and the viral genome 
(+ve sense single strand RNA) make up FMDV. The icosahedral symmetry of the viral structure is made up of structural 
proteins (VP1, VP2, VP3, and VP4) as well as non-structural proteins (L, 1A, 1B, 1C, 1D, 2A, 2B, 2C, 3A, 3B, 3C, and 3D). 
The viral replication takes place in the cytoplasm of the cell. Because FMDV has a short incubation period, it spreads 
quickly. Direct contact is the most often used method of FMDV transmission. The occurrence of direct contact via aerosol 
and mechanical transmission (fomites, feed, and water). The immunological response is stimulated by the infection with 
FMD. However, due to virus antigenic diversity, the immune response does not always protect against FMD (antigenic 
shift). FMDV is divided into seven serotypes based on antigenic variation. O, A, C, SAT-1, SAT-2, SAT-3, and Asia-1 are 
the serotypes in question. O is the most frequent serotype.  
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1. Introduction

Foot and mouth disease virus was the first animal virus found. It consists of 8500 base-positive-sense, a single-stranded 
RNA genome, arranged into three main parts: a small, poly-adenylated 3′ end and linked protein at the 5′ end. Because 
of the short in vivo replication cycle and sudden start of shedding, FMDV outbreaks can spread quickly between and 
within populations [1]. Direct contact is the most prevalent method of FMDV infection; nevertheless, aerosol and 
mechanical viral dispersion through water, feed, and fomites can result in infection over great distances. Unvaccinated 
and vaccinated ruminants both have FMDV carriers who are medically sound, hindering control and elimination efforts. 
The infection triggers a rapid immune response, although protection to one FMDV isolation may not consistently protect 
against others according to antigenic variation. Antigenic variation complicates FMDV control and has the prospective 
to complicate vaccinology and diagnostics [2, 3]. 

Clinical diseases have been managed with inactivated serotype-specific FMDV vaccinations but in "FMDV" eradication 
campaigns, as well. in endemic areas. Researchers have tried to develop FMDV vaccines on calves, pig kidneys, porcine 
kidney or baby hamster kidney fibroblast by utilizing formaldehyde Inactivated Fluid and loose epithet tissue on veins, 
baby hamster kidneys. One of these large-scale cell lines employed in the production of FMDV vaccine is BHK-21[4]. 
"ADIVA" technique based on antibodies against NSPs in infected animals is used to control the effective implementation 
of FMDV eradication and to preserve the status of "FMD" free of immunization. "FMDV" vaccinations have, nevertheless, 
been discovered to include sufficient none structural protein "NSP" to activate "anti-NSP" that lead to fake positive 
results of the immunosorbent test results associated with enzymes. Whether the aim is early detection, long-term 
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monitoring or elimination, diagnostic, analytical sensitivity and particular techniques to monitor FMDV are necessary 
[5, 6]. In this paper, the categorization, structure, genome and diagnostic specimens of FMDV are reviewed.  

1.1. Causes of FMD 

The FMDV is the Picornaviridae family member and the Aphthovirus prototypical genus member. "Equine rhinitis A 
virus", once known as "equine rhinovirus 1", has a more FMDV-like genomic structure than other picornaviruses. FMDV 
is very susceptible to genetic and antigenic variation, which has led to the classification among circulating viruses of 
seven serotype FMDV "A, O, C, Asia1, SAT 1, SAT 2, and SAT 3)" based on their capability of inducing cross-protection in 
animals [7]. 

1.2. Viral Structure of Aphthovirus 

T= icosahedral, "non-enveloped", spherical, around "30 nm" in the diameter, pseudo 3 around the "naked RNA genome". 
The capsid consists of 60-protomer icosahedral organisation. The interior of the capsid is composed of four 
polypeptides, "VP1, VP2, VP3 and VP4. VP4" [8] (Figure 1).  

 

Figure 1 Viral structure of Aphthovirus [8] 

1.3. Viral genome of Aphthovirus and gene expression 

A single ORF encodes a polyprotein, polyadenylated linear ssRNA(+) genome of 7.5 to 8.5 kb. At 5' end of the viral 
genomic RNA, a viral protein "VPg" is available. There is a type II internal ribosome entry site "IRES" at the 5' end of the 
long UTR. The structural polypeptides are encoded in the P1 region. 

 

Figure 2 Viral genome of Aphthovirus [8] 
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The replication of non-structural proteins is encoded by the domains of P2 and P3. In addition to the "3C protease" "L 
protease," this gene encodes a "N-terminal" leader protease. The shorter 3' UTR is required for (-) strand synthesis 
(Figure 2) [8]. 

The genome and viral messenger RNA are both provided by the RNA virion's gene expression. The IRES allows the 
polyprotein to be immediately translated. Viral proteases break down the polyprotein into many precursor and mature 
proteins, which produce structural and non-structural proteins like replicase. The host cell is modified by the viral 
structure and non-structure proteins, this results in cell lysis. At the point where the 2A and downstream sequences 
intersect, ribosomal skipping is used [9]. 

1.4. Viral replication 

Viruses reproduce in the cytoplasm. The steps for viral replication are as follows: The virus's attachment to host 
receptors causes viral endocytosis in the host cell via clathrin-dependent endocytosis. When the capsid is acidified, it 
produces VP4, which allows the viral genomic RNA in the hot cell cytoplasm to open a pore in the endosomal membrane 
of the host. The capsid is split into pentameric subunits when exposed to acidic PH. The polyprotein VPg is generated 
from viral RNA and subsequently translated. Viral protease cleavage closes the cellular cap-dependent translation of 
translation factors. Replication takes place in ER membrane vesicles, which are viral factories. The ssRNA(+) genome is 
used to make the dsRNA genome. New ssRNA(+) and viral mRNAs are produced when the dsRNA genome is 
replicated/transcribed. Preassembled procapsids are thought to contain new genomic RNA. The virus is released during 
cell lysis. Maturation of an unknown host protease (figure 3) [8,9]. 

 

Figure 3 Viral replication of Aphthovirus [9] 

2. Epidemiology of foot mouth disease 

FMD has a complex epidemiology. A number of viral, host, or environmental factors influences it, including as changes 
in virulence, particle stability, and the chance of long-term persistence in different microenvironments. The 
multiplication and spread of FMDV are all impacted by host immunity, nutrition and species, animal movement, 
population density, links among different wild and domestic animals that are able to distribute the virus mechanically. 
While adequate meteorological conditions are prevalent, the environment can present geographical impediments to the 
transmission of the virus or offer biological barriers to viral communication [10,11].  

The main route of virus entrance into spontaneous infections is through the respiratory tract. In the pharyngeal epithel, 
the initial proliferation of the virus normally occurs and produces primary vesicles or "aphthaes." Depending on the 
host species and on the virus strain which they are infected, the clinical outcomes may differ. Sick animals, especially 
pigs, are commonly expanded by high viruses, and 1012 infectious units have been documented per infected animal. In 
ruminants prolonged asymptomatic infection may occur, and the animal's esophagus and throat fluids can be removed 
from an infectious virus from a matter of weeks to several years following initial infection [12]. 
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3. Pathogenesis of foot mouth disease 

Inhalation is the most excellent strategy of infecting the tissues although viruses also come into touch with abraded skin 
through eating, insemination and inoculation. After inhalation, the pharyngeal mucosa and lymphtic tissues develop 
primary viral replication [13]. Viraemia is a result of the primary diagnosis; lymph nodes, mammalian glands and other 
organs as well as epithelial cells of the mouth, mouth, mouth, teats, skin and coronary bands are the result of viral 
replication (figure 4) (13). Although peptides containing the RGD were able to inhibit parental virus interaction with 
integrated molecules, the existence of such integrative peptides had not inhibited the infectivity of FMDV isolates 
adapted to the cell cultivation, indicating a shift between an RGD-related RGD-dependent adhesion site mechanism. On 
the other hand, FMDV isolates acclimated to cells culture " their ability to engage with integrins is preserved"[14]. This 
is an important component of the numerous anticorruption epitopes known. The absence, however, of a motif for cell 
entrance that is integrated with RGD significantly increases FMDV's antigenic variations and encourages the isolation 
from radically changed antigenic mutants containing RGD triplet mutations [13-14].  

 

Figure 4 Pathogenesis of foot mouth disease [13] 

The access of the integrated site to the neutralization of the antigens indicates a coevolution of FMDV antigenicity and 
the use of the receptor. The genetic modifications FMDV could have in the employment of alternative mechanisms for 
cell identification are minimal. On the other hand, in the mutant FMDV spectrum propagating in the animal host viruses 
with extraordinary receptor binding properties are most likely to exist [15]. The result of the selection of antigenic 
variant anti-FMDV antibiotic anticorrosion in peptide-vaccinated livestock suggested that these particular in vivo FMDV 
mutant diseases occur. The gradual prevalence of an unanticipated amino acid replacement that has affected the 
antigenic structure of the G-H loop of capsid protein VP1, throughout FMDV adaptations, has been shown in a recently 
study examined the genetic modifications selected throughout the FMDV adaptation to Guinea Pig [14]. FMDV cDNA 
experiments showed that this mutation was needed for viral contact with BHK receptor molecules as well as other 
regularly utilized cell lines for FMDV proliferation. As noted above, the identification of the mutant of FMDV that 
showing modification in their antigens and resulted change at cell tropism of different animals [13-15]. The severity of 
the "FMDV"-induced symptoms varies depending on the species afflicted, as well as the disease's dose or hereditary 
features. The concept of a host spectrum is founded on "FMDV's" ability to generate clinical symptoms, and failure to do 
so does not negate "FMDV's" ability to replicate in a specific species [9,12]. 

"Non-structural protein of virus may be deletion at 3A leading to attenuation of "FMDV" serotype "C" and "O" in cattle 
following passages in chicken embryos. The deletion of overlapping (10 amino acids) or point mutations at 3A have 
demonstrated that the poor pathogenicity of an "FMDV" serotype O isolated variant was observe in 1997 in Taiwan 
[16]. It was interesting to note that this virus was very virulent in swine, showing both that species was frequently 
connected to attenuating FMDV as well as the intricate interactions between the virus and the host that characterize the 
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infection progression toward lesions and clinical signs. In addition, the research of the molecular base of "FMDV" 
adaption to the pig has shown information on the involvement of 3A protein of virus [17]. The FMDV and other 
picornaviruses are currently shown to result in complicated dynamics caused by diverse selective pressures by the 
interaction between quasi-specific FMDV and different hosts [12, 17]. 

3.1. Clinical signs of foot mouth disease 

The FMDV incubation time is 1-12 days incubation time. There might be several clinical indications of foot-and-mouth 
disease in cattle (FMD). Symptoms of FMD in cattle include pyrexia and anorexia, and decreased milk output in dairy 
animals for 2-3 days [18]. Vesicles form also on the mouth and nasal mucous membrane and on the coronary band 
between the claws [19]. The result is lip snapping, bruxism, blowjob, lameness, stamping or kicking of feet. In addition, 
on the mammary glands, vesicles often develop. Erosions appear 24 hours later after the vesicle rupture [20]. In 8-15 
days on average the cattle recover from FMD, however there may be difficulties. The problems include secondary 
infections of injuries, decreased milk supply, loss of weight, tongue erosions, hoof distortions, abortion and mastitis. 
Young animals may nevertheless succeed in myocarditis (figure 5) [18-20]. 

 

Figure 5 Sings of foot mouth disease [20] 

3.2. Immune response of foot mouth disease 

FMDV causes quick humoral reactions in infected animals and provides good protection against reinfection with 
antigenically-related and homologous viruses. FMD protection is related to the development of high quantities of 
neutralizing serum antibodies. Following viral opsonisation, the proposal was made to mediate the viral clearance of 
virus-antibody complexes [21]. Neutralizing antibodies can be identified quickly after FMDV infection or immunization 
with viral capsid B cell epitopes. Within 2 weeks after immunization after IgM synthesis, IgGs become the most 
important neutralizing antibodies within 3–4 days of infection or vaccination [22]. The response of IgG1 is generally 
more than the response of IgG2. In the upper respiratory and gastrointestinal secretions soon after infection or 
immunization, there is a detectable antibody response [23]. The influence on the "defense of innate immune" response 
in immunized animals with "FMDV" is becoming significant together with the attitudes to success in vaccine efforts. 
FMDV and immunization both produce distinct T-cell responses (Figure 6) [24]. 
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The predominantly T-cell-mediated lymphoproliferative response "CD4+" involves activation of the B cell, and the 
synthesis of antimicrobials in animals and pigs [23]. These T-helping cells that define a wide range of non- structural 
proteins and viral epitopes in capsid are probable to be important to support FMDV by encouraging antibody production 
and producing an environment that is perfect for synergistic immune response. FMDV infection produces a fast decrease 
on the surface of vulnerable cells, in the expression of MHC class I. This outcome could impede the ability of the infected 
cells to provide cytotoxic T-cells (CTLs) with viral peptides allowing the host to evade the CTL response [22, 24]. 

 

Figure 6 Immune response to foot mouth disease (24) 

4. Diagnosis of foot mouth disease 

4.1. Direct diagnosis (Antigen detection) 

4.1.1. Viral isolation  

Frenkel initially described the "FMDV" isolation of the main epithel cells of the bovine tongue. The main principal bovine 
and pig's kidney cells are adapted to diagnose FMDV by Salesmen and Bachrach et al. Bovine thyroid cells were 
historically considered to be "FMDV's" best primary cells. However, continuous cell lines were created more recently. 
Bovine kidney cells expressed β6 and V and integrated subunits, among multiple stable cells, were particularly sensitive 
to all FMDV serotypes [25-27]. 

4.1.2. Complement fixation test  

This approach depends on the fact that the complexes of viral antibodies bind the complement of Guinea pigs. In the 
absence of virus antibody binding in the presence of RBC anti-sheep, the free supplement lyses sheep-red blood cells 
[25]. Due to the serotype-specific nature of FMDV antibodies, direct supplement fixation testing was performed to 
identificate FMDV serotypes [26]. 

4.1.3. ELISA test  

Antigen capture enzyme immune sorbent assay (ELISA) are currently available based on monoclonal or polyclonal 
antibodies used to detection the structural or non- structural proteins. ELISA can examine a large number of samples 
[27]. 
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4.1.4. Lateral Flow test  

Is an antigen-capture assays or chromatographic band tests permit swift diagnosis on the spot when a quick result is 
necessary in endemic areas and reference laboratories. These tests detect antigens of FMDV in vesicular fluids or 
epithelial suspensions from infected animals using monoclonal or polyclonal antibodies [27]. 

4.1.5. Reverse transcription-polymerase chain reaction (RT-PCR)  

Is the test used to identified the nucleic acid of infectious viruses in addition to diagnosis the inactivated viruses, which 
reduce the impact of virus sample treatment defects? RT-PCR real-time was commonly utilized to diagnose FMDV due 
to enhanced analytical sensitivity and ease of usage [28]. 

4.2. Indirect diagnosis (Antibody detection) 

4.2.1. Complement fixation test (Indirect)  

The World Organization for Animal Health (OIE) recommends that only if the FMDV ELISA test is not available is the 
indirect additional fixation test [25, 29]. 

4.2.2. Neutralization test  

Is a serum-virus interaction test and is a particular serotype test used to detect neutralizing vaccine or infection-induced 
antibodies. The presence of neutralizing circulating antibodies is predominantly linked to viremia resolution [29]. 

4.2.3. ELISA test (Indirect)  

This test used to identify the antibody for virus serotyping and several FMDV. Two kinds of ELISA assays are available: 
ELISA structural protein and ELISA non-structural protein. Viral structural protein ELISA is designed to detect 
vaccination or infection-induced antibodies against capsid protein with polyclonal or monoclonal antigens (VP1, VP2, 
and VP3). However, ELISA has been employed in FMDV target antigens in viral non-structural proteins such as (2A, 2B 
2C) and (3ABC, 3AB, 3B, 3C). Samples of serum FMDV exposed from unvaccinated and vaccinated cattle, piglets and 
sheep were examined for the OIE index screening [25, 26, 29]. 

4.3. Vaccines 

4.3.1. Conventional vaccines  

These vaccinations are relied on inactivated chemical viruses. Viruses of different serotypes are often added into the 
formulations of vaccines. Quality-tested vaccinations, customized to the circulating viruses, including antigenic 
composites are necessary for efficient "FMD" protection. Inactivated vaccinations generate a consistent, but usually 
weaker, humoral response than that elicited by infected animals [30]. 

4.3.2. Viral protein and peptide vaccines  

Early findings revealed VP1 or half segments of viral capsid components able to neutralize antibodies with incomplete 
protection. Recombinant VP1 has immunogenicity as viral particles [30]. The capside preserves is most antigenic and 
immunogenic characteristics of virus particles. P1 polypeptide expression, however, created a modest quantity of empty 
virus capsids in vaccines and baculoviruses that require the necessary 3C P1 processing. The expression of virus protein 
in vector and DNA replication vaccines The development of recombinant replicating Vector Viral Immunogens is an 
approach for generating the vast range of immune responses that occur during viral infection in an effective way [31]. 

4.3.3. Genetically engineered attenuated strains 

The attenuated viruses of virulent forms [32,33].  

5. Conclusion 

From this review, we concluded the foot and mouth disease remained a highly contagious, infectious disease and 
distributed in a wide geographical area. As well, the virus was diagnosed via several tests. Along with this, the food and 
agriculture organization had proposed for controlling the disease via several types of vaccines. In future, research must 
be focused on the explain in detail the diagnostic tools and mechanism of vaccines to prevent the disease.  
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