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ABSTRACT

Approximately, 50% of Foot and Mouth Disease (FMD) affected bovines persistently harbours the virus in the oro-pharyngeal 
epithelium for a prolonged period of time after recovery. The phenomenon is known as FMDV persistence and the animals as 
FMDV carriers. The virus can be isolated from oropharyngeal fluid (OPF) during a period more than 28 days after infection. 
Although direct transmission of virus from carrier to healthy animals has not been established, but these animals as a risk, for 
emergence of new outbreak cannot be overlooked. Therefore, trade policies consider the carriers as contagious and import of 
livestock from enzootic zones is restricted. FMDV persistence also complicates the retrieval of FMD-free status as the country 
or zone must evidence complete clearance of virus source. Thus, the detection of carrier animals after an outbreak or during 
export and import is essentially needed. This can be achieved by detecting the viral antigen and genome, or viral antibodies. 
Various methods such as virus isolation, RT-PCR, mucosal antibody detection ELISA etc. have been developed for this purpose. 
However, each test has some advantages and limitations. This article discusses about the persistence of FMDV in carrier animals 
and various methods for its detection.

HIGHLIGHTS

mm The article describes the FMDV persistence in carrier animals and various methods for its detection.
mm About half of the FMD affected bovines persistently harbours the virus in the oro-pharyngeal epithelium for a prolonged 
period after recovery.

mm The diagnosis of carrier animals after an outbreak can be achieved by detecting the viral antigen genome.
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Foot-and-Mouth Disease Virus (FMDV) is the causative 
organism of Aphthus fever which is a prototype of 
the genus Aphthovirus in the family Picornaviridae. 
It is a single stranded RNA (ssRNA) virus and exists 
in 7 serotypes {O, A, C, Asia-1 and Southern African 
Territories (SAT-1, SAT-2 and SAT-3), which are distinct 
immunologically (Knowels and Samuel, 2003). These 

serotypes of FMDV were divided into different genotypes, 
lineages and sub-lineages. The geographically confined 
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genotypes are known as topotypes. Serotype O, A and C 
constitute 11, 3 and 3 topotypes, respectively. A single 
topotype was assigned to Asia 1 serotype viruses, whereas 
SAT-1, -2 and-3 viruses constitutes 9, 14 and 5 topotypes, 
respectively (Biswal et al., 2012). The genome of FMDV 
is surrounded by a protein shell known as capsid which 
comprises 60 copies of capsomere, and each capsomere 
contains 4 structural proteins (SP) viz. VP1, VP2, VP3 and 
VP4. The ssRNA genome consists of three parts i.e. the 5́ 
untranslated region (5́UTR), a long open reading frame 
(ORF) and the 3́ untranslated region (3́ UTR) (Lin and 
Flint, 2000). The 5́ UTR consists of an ‘S’ fragment at its 5́ 
end, a poly C tract, a series of RNA pseudoknot structures, 
a cis-acting replication element (cre) and the internal 
ribosome entry site (IRES). The 3́ UTR constitutes 2 stem 
loop structures (SLI & SLII) and a Poly ‘A’ tract (Fig. 1). 
The long ORF consists of 4 regions i.e., L, P1, P2 and 
P3, encoding a large polyprotein. This protein is excised 
by the viral proteases to generate different structural 
and non-structural proteins. The L region encodes for 2 
overlapping L-proteins, Lab & Lb. Four SPs are encoded 
by the P1 region and these proteins forms the capsomere 
of viral capsid and P2 and P3 region encodes for different 
Non-structural proteins (NSPs) which are concerned with 
the various functions associated with virus life cycle .

FMDV is commonly transmitted by direct exposure 
to the affected animals either by mechanical transfer of 
virus through damaged skin or intact mucous membrane 
or by aerosol transmission (droplet infection) (Biswal et 
al., 2012). It can also be transmitted indirectly through 
contaminated fomites. Ruminants are mostly acquiring 
the infection in the form of aerosolized virus through 
respiratory route while pigs are mostly infected by 
consumption of food contaminated with virus (Arzt et 
al., 2011b). After aerosol inoculation in cattle., early viral 
replication initiates at the nasopharyngeal epithelium 
overlying mucosal associated lymphoid tissue (MALT) 
particularly at the dorsal surface of soft palate and roof 
of pharynx, which are considered as the primary site of 
FMDV replication (Stenfeldt et al., 2015; Stenfeldt et al., 
2018) but the tonsil plays a greater role in primary virus 
multiplication in sheep. However, in pigs, subsequent 
to oral exposure, primary infection occurs within 
the epithelial crypts of oro-pharyngeal and laryngo-
pharyngeal tonsils. After entry into the animal body, the 
virus adheres to the host epithelial cells of nasopharynx 

(Schneider-Schaulies, 2000) by the cell membrane surface 
receptors (integrins) after which the virus is processed into 
the endosomal-lysosomal pathway, ultimately leading to 
mobilization of viral RNA into host cell cytoplasm. The 
entire replication cycle occurs in the cytoplasm and new 
virions are generated. After replication at the primary 
site, virus enters into the bloodstream (viremia) resulting 
in widespread distribution of FMDV in different organs 
and tissues, particularly the cornified stratified squamous 
epithelium of oral cavity and skin including the feet, 
teats and snout, which are the secondary sites of FMDV 
replication (Alexandersen et al., 2003). At these sites, the 
vesicular lesions appear due to massive amplification of 
the virus within the keratinocytes (Arzt et al., 2009). The 
predominant clinical signs of FMD include acute febrile 
reaction, sudden drop in milk yield, formation of vesicles 
at the secondary sites, ropy salivation, lameness etc. 
(Alexandersen et al., 2003).

FMDV infection elicits a rapid and strong humoral 
immune response where FMDV-specific neutralizing 
antibody appears in the serum within 4-7 days of exposure 
to virus (Eschbaumer et al., 2016; Stenfeldt et al., 2011) 
and the viremia is cleared with resolution of clinical 
symptoms within 2 weeks of infection. However, the virus 
persists for a prolonged period and multiply locally at the 
epithelial region of upper respiratory tract particularly at 
the pharyngeal region in approximately 50% of affected 
cattle, a condition known as ‘FMDV persistent infection’ 
or ‘the carrier state’.

The carrier state

Approximately, half of the affected cattle, whether 
immunized or non-immunized, exhibit an asymptomatic 
persistence of FMDV in the oropharyngeal and 
nasopharyngeal epithelium after clinical recovery. This 
phenomenon is known as FMDV Persistence and the 
animals are known as FMDV carriers that are described 
as the animals from which FMDV can be isolated from 
oropharyngeal fluid (OPF) after 28 days of infection. In 
contrast to ruminants, pigs eliminate the infection within 
21-28 days and don’t develop carrier state (Stenfeldt 
et al., 2016b; Parida et al., 2007) except some studies 
where viral genome was identified in the blood from 
recovered swine and viral genome as well as viral proteins 
were identified in lymphoid tissues for 30-60 days post-
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infection (Stenfeldt et al., 2016b). Van Bekkum et al., 
(1959) first documented the carrier state by demonstrating 
the evidence of virus in contagious form in the “saliva” or 
OPF by using probang cup from convalescent cattle, up to 
several months after infection. Later, many experiments 
have confirmed the persistence of virus in non-vaccinated 
as well as in vaccinated animals, irrespective of previously 
occurring clinical FMD (Pacheco et al., 2015; Parthiban 
et al., 2015a). FMDV persistency has been demonstrated 
to occur in cattle, sheep, goats, Asian buffalo and various 
wildlife species, most commonly in African buffalo 
(Weaver et al., 2013). Very few studies have been carried 
out to determine persistence of FMDV in small ruminants. 
However, prevalence of FMDV persistence was shown to 
be higher in sheep as compared to goat (Arzt et al., 2011a). 
Llamas (Llama glama) does not show FMDV persistence. 
Among wildlife species, African buffalo was found to be 
the most common species to become FMDV carrier in 
which the virus may persist for up to 5 years post infection 
(Alexandersen et al., 2002) and has a major role in the 
virus circulation in ecosystems within buffalo population 
(Robinson et al., 2016). Other wild ruminants such as 
deer and impala also get acute infection by the virus but 
they are less likely to develop carrier state (Bastos et al., 
2000). The period of virus persistence is influenced by 

host factors, strains and serotypes of infected FMDV and 
it varies from months to years (Biswal et al., 2019; Tenzin 
et al., 2008; Hayer et al., 2018). The maximum duration 
of the carrier state in different species was reported 
as follows: cattle- 3.5 years, sheep- 9 months, goat- 4 
months, African buffalo- 5 years (Bertram et al., 2018b). 
Occurrence of virus persistence in small ruminants is less 
frequent and for a shorter period lasting for 1 to 5 months 
only (Sutmoller and Olascoaga, 2002).

Anatomic localization of FMDV in carrier animals

Continued recovery of FMDV from OPF previously 
suggested the oro-pharynx as the site of FMDV 
persistence. However, many investigations on anatomic 
localization of FMDV persistence in cattle reported that 
the virus detection is confined to the nasopharyngeal 
tissue (Alexandersen et al., 2002), retropharyngeal and 
submandibular lymph nodes (Juleff et al., 2008; Zhang 
and Alexandersen, 2004). Presence of viral genome in 
the basal layer of dorsal soft palate epithelium was also 
confirmed by in situ hybridization (Zhang and Kitching, 
2001). Identification of structural (VP1) and non-structural 
(3D) antigen in the epithelium of same site by immuno-
microscopy in carrier cattle also evidenced the localization 
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 Fig. 1: Genome organization of FMD virus. The FMDV genome comprises 5́ UTR, one large ORF and 3́ UTR. The FMDV RNA 
is covalently linked to a small peptide called VPg (violet), that is made in 3 various forms (encoded by the 3B1-3) and each act as the 
primer for RNA synthesis. So, RNA genome is linked covalently to aVPg peptide after its synthesis. The 5́ UTR consist of various 
structural elements viz. a small ‘S’ fragment, a poly C tract, pseudoknots (PK) and the internal ribosome entry site (IRES). The Open 
Reading Frame (ORF) encodes for the polypeptides P1-2A, P2 and P3, which are again cleaved by 3Cpro to yield 4 structural and 
8 non-structural proteins. The cleavage sites of 3Cpro are indicated by red arrowheads. The 3́ UTR includes 2 stem loop structures 
followed by a poly A tract. UTR: Untranslated region, SP: Structural protein, NSP: Non-structural protein
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of FMDV (Stenfeldt et al., 2016a). From these evidences, 
it was concluded that the pharynx, especially, the dorsal 
soft palate and the epithelium adjoining the nasopharynx 
was the viral replication site in carrier cattle. In carrier 
sheep, virus was mostly recovered from tonsils than 
mucosal epithelium specifically in the crypts of epithelium 
within the oropharyngeal and laryngopharyngeal tonsils 
(Stenfeldt et al., 2019). In African buffalo, pharyngeal 
tonsil, palatine tonsil and nasopharyngeal mucosa were 
the persistence site for FMDV (Maree et al., 2016).

Mechanism of FMDV persistence

Various studies have been carried out to explain the 
mechanism of FMD virus persistence including host 
response to FMDV (Zhang et al., 2004), viral antigenic 
variation due to gene mutation (Horsington and Zhang, 
2007a) or differences in the innate immune response 
(Stenfeldt et al., 2012). However, the interaction between 
innumerable virus and host factors in the persistent 
phase complicates the study on the mechanism of virus 
persistence (O’Donnell et al., 2014). Immune system 
plays an important role in persistent infection in ruminants 
(Arzt et al., 2011b). This fact was supported by the 
findings that cattle which receive a lesser vaccine dose 
are more often evidenced virus persistence and increasing 
the dosage of vaccine reduced the frequency of carriers 
in vaccinated cattle (Parida et al., 2006; Parthiban et al., 
2015a). In contrast, many studies have also reported no 
variations in the frequency of virus persistence between 
vaccinated and naïve animals and immunization does not 
protect the animals from becoming carriers (Eschbaumer 
et al., 2016; Bertram et al., 2018a). The virus escapes 
the immune system mainly by interfering with the 
innate immune mechanism (Golde et al., 2011) and 
alter the cytokine signalling pathways and/or employ 
a tissue specific reduced cell death mechanism and 
produce a different non-cytolytic infection (Zhu et al., 
2013; Pacheco et al., 2015). This inhibitory effect on 
cytokine pathway results in malfunctioning of antigen 
presenting cells (Grubman et al., 2008). Similar to other 
viral disease, acute phase of FMDV infection provoke 
proinflammatory as well as innate immune responses 
(Stenfeldt et al., 2012; Arzt et al., 2014; Perez-Martin 
et al., 2012; Zhu et al., 2013;) where as in the persistent 
phase, FMDV suppress or modulate the expression of 
many cytokine genes like IFN-α/β, IL-12 and RANTES 

(Pacheco et al., 2015). While comparing the RNA levels 
of cytokines and toll-like receptor in lymphoid tissues of 
dorsal soft palate, Zhang et al. (2006) found significantly 
higher TNF-α RNA in carrier animals whereas all other 
genes of cytokines and Toll-like receptors had similar 
expressions in both carrier and non-carrier cattle. Another 
study reported a substantial reduction in detection of viral 
antigen and genome in FMDV persistently infected cells 
treated with IFN-γ, which suggested that this cytokine 
may have some function in virus clearance in vivo (Zhang 
et al., 2002; Oh et al., 2012). A proposed mechanism for 
strong predilection of FMDV in dorsal soft palate and 
dorsal nasopharyngeal region was that these sites have no 
layer of dead cells on their epithelium i.e., they are non-
cornified and if they possess the suitable receptors may 
enhance the entry of virus which would be very effective 
in virus uptake and also may have significant importance 
in virus persistence (Alexandersen et al., 2002). It was 
also proposed that during persistent infection, the virus 
may able to suppress the activation of CD8+ T cells which 
when activated recognises the infected cells (Alexandersen 
et al., 2002) or may prevent the detection of virus affected 
cells by downregulation of expression of MHC class I 
which prevents the normal cytolytic action and creates 
an intracellular environment encouraging for prolonged 
virus persistence. However, no other report was found in 
the support of this mechanism. Antigenic variation due to 
viral gene mutation may be a factor for the development 
of persistent phase. This antigenic variation along with 
FMDV capsid protein mutation may be a reason for 
inhibition of virus clearance by IgA in OPF of carrier 
animals (Arzt et al., 2011b). VP2 region of FMDV is highly 
immunological and mutation within these sites affect the 
antigenicity of the viral protein and may be a factor for 
FMDV persistence. This was supported by Horsington and 
Zhang (2007b), who confirmed that substitution in the B-C 
loop of VP2 may be involved with virus persistence. A lot 
of evidences suggested that the factors associated with the 
animal’s immune response are the chief determinants of 
FMDV persistence. However, the mechanisms associated 
with the establishment, maintenance and resolution of the 
virus persistence remain undermined and requires more 
detailed study.

Host Response to FMDV infection

FMDV infection provokes a rapid humoral as well as cell 
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mediated immune response which is serotype and strain 
specific and induce immunity to counter there-infection 
with viruses which are identical in their antigenicity with 
the previously infected viruses. Early FMDV infection is 
associated with a rise in B-lymphocyte derived IgM as the 
first neutralizing antibody within 3-4 days of infection and 
this antibody response peaks at 10-14 days post-infection 
(Windsor et al., 2011; Juleff et al., 2009; Golde et al., 2008) 
and then declines. This transient IgM response is followed 
by a sustained IgG antibody response, detected first at 
4-7 dpi and turn out to be the predominant neutralizing 
antibody by 2 weeks post infection (Eschbaumer et al., 
2016). IgG1 antibody response is higher than IgG2 in both 
vaccinated as well as naturally infected animals. These 
immune cells bind to the virus surface and enhances the 
opsonization and engulfment by the phagocytic cells 
present in the secondary lymphoid organs and quickly 
eliminate viremia. The CD4+ helper T-cells recognises 
the epitopes in structural and non-structural antigens and 
induce B-cell activation and antibody production (Blanco 
et al., 2001). It also contributes to maintain a suitable 
microenvironment essential for a collaborative immune 
response (Sobrino et al., 2001).

Stenfeldt et al. (2017) found a greater quantity of CD3+ 
and CD8+ lymphocytes in the nasopharyngeal mucosa 
in the cattle that had recently eliminated the infection in 
comparison to persistently infected cattle. There are also 
evidences of transient increase in interferon activity (IFN-I/
III) in concurrence with viremia in acute FMDV infection 
(Eschbaumer et al., 2016; Stenfeldt et al., 2011; Windsor 
et al., 2011; Arzt et al., 2014). Additionally, there is also 
an initial rise in the concentration of acute phase proteins 
(haptoglobin and serum amyloid A) in serum, which 
return towards normal during the carrier state (Stenfeldt 
et al., 2011). However, the antibody mediated response 
along with phagocytosis clears the viremia whereas direct 
cell-mediated response effectively clears the intracellular 
virus from the epithelial tissues (Stenfeldt and Arzt, 2020).

Genetic and antigenic variations in FMD Carriers

Antigenic variation act as a major complication in control 
and eradication of FMD as it is responsible for the failure 
of cross-protection among the serotypes and sometimes 
among the strains within the serotypes (Brito et al., 2013; 
Ramirez-Carvajal et al., 2018). There are many evidences 

of genetic and antigenic variations in the FMDV isolated 
from carrier animals (Farooq et al., 2018; Pauszek et al., 
2017; Arzt et al., 2019). However, many studies have 
reported no definite mutations in the viral RNA were 
constantly linked with FMDV persistence (Parthiban et 
al., 2015a; Arzt et al., 2019; Ramirez-Carvajal et al., 2018; 
Parthiban et al., 2015b). Alterations in FMDV genome 
affecting its antigenicity occurs continuously during 
persistent infection (Bertram et al., 2018b; Biswal et al., 
2019) but such changes leading to evolution of novel viral 
lineages are unknown (Cortey et al., 2019). The factors 
responsible for significant genomic variations are lesser 
reliability of the RNA replication apparatus (Alexandersen 
et al., 2002), absence of constraints on certain segments as 
well as potential selection mechanism on other segments 
(Knowles et al., 2001). Recombination among several 
FMDV RNA replicating within a particular cell is also 
a contributing factor for genetic variation but its role in 
generating in vivo variants has very limited evidence. One 
example of this type of recombinant is O1 Burgwedel 
strain in 1987 which was reported due to recombination 
between O1 Kaufbeuren (vaccine strain) and a C1 type. 
Two investigations have recognized 2 distinct amino acid 
substitution viz. VP1 Q172R and VP2 Y80H constantly in 
the viruses isolated from carrier animals (Horsington and 
Zhang, 2007a; Pauszek et al., 2016). Selection pressure 
is a major factor in viral evolution is which may vary 
from species to species or may vary in different stages 
of infection viz. acute clinical infection and persistent 
infection, within the same host (Brito et al., 2017). Many 
studies described FMDV as a quasispecies, described as 
a group of viruses driven by various selection pressures 
(Sierra et al., 2000). One study reported the presence and 
absence of virus populations combined with substitution 
at the major antigenic site indicating the occurrence of 
antigenic selection process in carrier animals (Arzt et al., 
2019). Biswal et al. (2019) isolated genome sequences of 
FMDV from carrier cattle and buffalo and performed the 
phylogenetic and parsimony analysis. He demonstrated 
separate clustering of cattle derived isolates from buffalo 
derived isolates suggesting the species-specific selection 
pressure on evolution of FMDV. Another result from 
this study was, buffalo derived isolates descended in a 
single lineage from the outbreak virus whereas cattle 
derived isolates descended in five separate lineages from 
the outbreak virus which suggested differential selection 
pressures between the host species (Biswal et al., 2019). 
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Although many studies have investigated about the 
variation in genome and antigenicity of FMDV during 
the carrier state but the contribution of viral genomic 
alterations to the establishments and continuance of 
persistent infection are still unclear. However, the 
developments in next generation sequencing as well as 
advanced bioinformatics tool may clarify the phenomena 
in future.

Transmission of FMDV from carrier to healthy animals

Some historical field outbreaks studies were thought to 
have been originated due to spreading of viruses from 
a persistently infected animal to a susceptible animal 
(Horsington and Zhang, 2007a; Pauszek et al., 2016; Brito 
et al., 2017). Arzt et al. (2018) in his experiment reported 
the development of clinical FMD in naïve cattle in which 
unprocessed OPF from persistently infected cattle was 
inoculated. However, many experimental studies could 
not establish the disease transmission from carrier animals 
to susceptible sentinels (Bertram et al., 2018a; Tenzin 
et al., 2008; Parthiban et al., 2015a). The suspicion for 
transmission was aroused due to an outbreak in FMD free 
areas after introduction of healthy convalescent cattle 
from region with previous history of FMD outbreak 
and also from some evidences of subclinical infection 
of neonatal calves born to carrier cattle. In UK, FMD 
epizootic had occurred in 1922 to 1924 due to migration 
of a clinically recovered bull and a heifer from a farm 
where FMD outbreak had occurred 8 months before, 
into a district where no disease was observed (Sutmoller 
and Olascoaga, 2002). Involvement of carrier cattle in 
FMD outbreak in Zimbabwe caused by SAT-2 serotype 
was also evidenced. However, it may be unique to SAT 
serotype viruses and was not reported for other serotypes 
(Sutmoller and Olascoaga, 2002). Recently, Ranjan et al. 
(2018) detected serotype ‘O’ FMDV RNA by RT-mPCR in 
the OPF from six out of twelve healthy calves of 6 months 
age which were born from carrier cattle in two dairy farms 
in India.This silent infection in calves might have occurred 
because of vertical transmission of virus during pregnancy 
(Ranjan et al., 2016b) or due to horizontal infection from 
carrier dams. Several OPF sampling of vaccinated Asian 
buffalo (Bubalus bubalis) in 30 livestock farms during a 
period of 12 months in Pakistan have reported multiple 
introductions of different serotypes and lineages in all the 
farms with no noticeable clinical signs, which indicated 

the subclinical virus circulations together with new strain 
introduction without exhibition of clinical FMD (Farooq 
et al., 2018). This result was well correlated with the 
findings of other studies which had reported a greater 
prevalence of FMDV in OPF of cattle and Asian buffalo in 
the absence of clinical FMD (Klein et al., 2008; Jamal et 
al., 2012). Bertram et al. (2018a) during his study in 2018 
also found similar kind of observation where carrier cattle 
were sub-clinically infected with new strains of FMDV in 
Vietnam and this superimposed subclinical infection had a 
significant role in prolongation of carrier state. A general 
observation from different studies is that transmission of 
FMDV from carrier African buffalo to susceptible species 
is more frequent than transmission from carrier cattle. 
Some studies have reported the transmission of disease 
from persistently infected African buffalo to cattle in 
Zimbabwe, both naturally, in outbreaks of 1989 and 1991 
with SAT-1 serotypes as well as experimentally (Stenfeldt 
and Arzt, 2020). Carrier African buffalo bulls transmitting 
the disease sexually to domestic cows was reported, where 
SAT serotype viruses were also isolated from the semen as 
well as sheath washes of an infected African buffalo and 
the virus in the sheath wash isolated from the prepucial 
epithelium.

Many researchers had performed controlled experiments 
to demonstrate the initiation of clinical disease by carrier 
but the disease transmission could not be established by 
close contact exposure of susceptible animals with carrier 
cattle (Sutmoller and Olascoaga, 2002). However, one 
recent study reported that harvesting of oropharyngeal 
fluid from carrier animals and deposition of these fluid 
into the nasopharyngeal region of naïve cattle caused 
fulminating FMD (Arzt et al., 2018).

The apparent lack of contagiousness of virus in carrier 
cattle may be due to neutralization effect of surface 
immunoglobulins on virus released in OPF. This hypothesis 
was strengthenedby demonstration of increased infectivity 
of virus in tissue culture of OPF samples treated with 
fluorocarbon compound (Trichlorotrifluoroethane, TTE) 
that separateantibodies that attached to virus (Stenfeldt et 
al., 2016a). Although, carrier cattle shed very low amount 
of virus in OPF, evidences on the contagiousness of the 
virus associated with carrier animals have justified the 
significance of carrier state at the individual animal level 
(Stenfeldt and Arzt, 2020).
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Economic importance of FMDV Carrier state

The transmission of FMD from carrier animal to susceptible 
livestock remained controversial. The countries must 
demonstrate a complete clearance of FMDV source to 
gain FMD-free status as per the international regulations 
on FMD laid by OIE (Afonso et al., 2012). Thus, globally 
FMDV carrier state is considered as a danger to the livestock 
sector because the persistence of FMDV complicates the 
retrieval of FMD-free status. This is the reason for which 
FMD-free countries usually impose trade restrictions on 
livestock and livestock products from countries or zones 
where circulation of FMDV is still evidenced (Pacheco et 
al., 2015). However, the global trade restriction imposed 
on FMDV persistence is mainly due to two considerations. 
First, the risk of transmission from asymptomatic carriers 
and trade policies considers the carriers as contagious, a 
reason for which FMD-free countries restricts import of 
livestock from enzootic zones. Second, the FMD-free 
countries slaughter the exposed animals when come across 
with invasion of FMDV, as vaccination does not prevent the 
carrier state. This trade embargo prohibits the developing 
and under developed countries from participating in global 
trade for livestock and livestock products in international 
markets (Knight-Jones and Rushton, 2013). With regard to 
infectiousness, the within host evolution of FMDV strains 
during persistent infection is also a possible hazard which 
may generate novel virus variants that may undermine the 
host immunity to initiate a new outbreak (Biswal et al., 
2019). This is one reason for depopulating the affected as 
well as the vaccinated cattle by the FMD-free countries for 
control and eradication of FMD. Depopulation, quarantine 
and global trade restrictions have a strong financial effect 
on endemic countries with no assurance of prevention of 
disease transmission to FMD-free countries (Mansley et 
al., 2011; Bertram et al., 2018a).

DETECTION OF FMD CARRIER ANIMALS

In order to make a country or a zone FMD free, the 
extinction of carrier state is essential, as the country 
must evidence a complete clearance of virus source. For 
this, identification of FMD carrier animals subsequent 
to an outbreak or during livestock import and export, is 
a preliminary step which can be done either by detection 
of viral agents (antigen/genome) or antibodies specific to 
FMDV.

Viral agent detection

The World Organisation for Animal Health recommended 
various methods for the detection of FMD viral agents 
(antigen/genome) in FMD affected animals. However, 
in carrier animals, virus isolation (VI) method is most 
commonly used for viral antigen detection and nucleic 
acid recognition methods (RT-PCR, Real time RT-PCR 
etc.) for viral genome detection.

Virus Isolation (VI)

Presently, the live FMDV in clinical sample is only detected 
in cell culture through virus isolation (VI) (Ranjan et al., 
2016a). Live virus in OPF samples from carrier animals 
can also be isolated using the same technique. Various cell 
culture systems of bovine, ovine and porcine origin may 
be used to grow FMDV (Biswal et al., 2012). Primary 
bovine thyroid (BTY) cells are highly sensitive to different 
serotypes but its preparation is difficult and expensive, and 
also it loses FMDV susceptibility after multiple passages. 
BTY cells are more sensitivity to the FMDV than primary 
lamb kidney (LK) cells but the LK cells are susceptible 
to infection even after cryopreservation (Biswal et al., 
2012). Immortalized cell lines such as baby hamster 
kidney (BHK-21) cells and IB-RS-2 cells, can also use but 
they have a low sensitivity than primary cells (Ferris et 
al., 2006). However, development of LFBK-αvβ6 stable 
line was an outstanding cell line for isolation of FMDV 
(LaRocco et al., 2013) which can be used for diagnosis 
of FMD carrier animals by isolating the virus from oro-
pharyngeal epithelium. The cytopathic effect (CPE) 
develops and detected within 48 hours in cell culture 
medium. If no CPE is demonstrated within 48 hours, then 
fresh cell culture medium should be taken and inoculated 
with cell lysate after freezing and thawing, and again the 
CPE is detected after another 48 hours. In OPF samples, 
pre-treatment with an equal volume of fluorocarbons such 
as trichloro trifluoroethane (TTE) mediates the release of 
antibody complexed virus and improves the infectivity 
of OPF in cell culture, thus increasing the rate of virus 
detection. However, this is a time-consuming method and 
requires about 2-4 days to isolate the virus (Sharma et al., 
2015). Additionally, the difficulties accompanying with 
maintaining a constant supply of cell lines and cell culture 
contamination are major drawbacks of this method of viral 
antigen detection (Jamal and Belsham, 2013).
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Nucleic Acid Recognition (NAR) methods

Reverse transcription-polymerase chain reaction (RT-
PCR) can be used to amplify the FMDV genome in clinical 
samples like OPF (Ranjan et al., 2014) because of its 
quick, highly sensitive and reliability in diagnosis of FMD 
carrier animals. Primers specific for different serotypes 
which target different regions of viral genome including 
the 5′ UTR, ORF and the 3′ UTRwere designed for the 
detection of all seven serotypes of FMDV by RT-PCR. 
However, none of these primers can detect the disease and 
capable of virus typing when evaluated on a number of 
samples which represents all the seven serotypes (Jamal 
and Belsham, 2013).

To enhance the diagnostic sensitivity, multiplex RT-PCR 
(RT-mPCR) was developed by incorporating multiple sets 
of forward primers specific to different serotypes which 
target the 1D region and a common reverse primer (NK61) 
that targets the 2B region (Bao et al., 2008; Mohapatra 
et al., 2011b). FMDV persistence and multiplication in 
oro-pharyngeal region can also be evidenced by detecting 
its genome in OPF using RT-mPCR technique. However, 
the major drawback associated with this technique is the 
generation of false positive results because of carry-over 
of PCR amplicons (Hoffmann et al., 2009). To avoid 
cross contamination and for more feasibility of the test, 
a thermo-stable RT-PCR mixture was developed (Sharma 
et al., 2014a) where the constituents of the reaction 
mixture were mixed in a vial and lyophilized. Nuclease 
free water is added to these vials before use. Recently, 
another type called direct boil RT-mPCR was developed 
where the clinical sample was mixed with DEPC treated 
ultra-purified water and boiled at 95°C in order to release 
the viral RNA (Biswal et al., 2017). This method of RNA 
extraction was found to be an alternative to commercial 
RNA extraction kit and reduces the cost of diagnosis.

A one step, reverse transcription loop-mediated isothermal 
amplification assay (RT-LAMP) targeting the 3D region of 
FMDV genome was developed that enabled the FMDV to 
be detected within an hour without thermal cycling (Ranjan 
et al., 2014; Madhanmohan et al., 2013). Recently, one 
study modified the previously described RT-LAMP assay 
where an internal positive control (IPC) was developed 
and incorporated to alleviate interference of non extracted 
field samples and reduces false negatives.

Real-time PCR is now considered as the gold standard in 
nucleic acid detection due to its enhanced rapidity, higher 

analytical sensitivity, higher quantitative performance, 
absence of post-PCR processing i.e., electrophoresis etc. 
DNA-binding fluorophores, the 5’ endonuclease, adjacent 
linear and hairpin oligoprobes, and the self-fluorescing 
amplicons are 5 important components of real-time PCR 
which enable to amplify and quantify a specific nucleic 
acid sequence simultaneously (Mackay et al., 2002). The 
primers and probes which are unique to a highly conserved 
region in the P3 gene were used in the first universal rRT-
PCR which has reached an analytical sensitivity at 1×102 

TCID50 for all the serotypes. Several types of real-time 
RT-PCR (Moonenet al., 2003; Saduakassova et al., 2018) 
and portable real-time RT-PCR (Donaldson et al., 2001; 
Hearps et al., 2002) were also developed to detect the viral 
genome. Although OIE Terrestrial Manual, 2018 presently 
suggests the utilization of ‘universal’ primers and probes 
that target the conserved segments within 5′UTR (Reid et 
al., 2001) or 3D regions (Callahan et al., 2002), the assays 
specific to different serotypes were also created (Reid et 
al., 2014; Bachanek-Bankowska et al., 2016). Reid et al. 
(2014) carried out 3D and 5′UTR rRT-PCRs using various 
samples with FMDV O, A, and Asia-1 serotypes and FMD 
negative samples and demonstrated no-false positive 
results and a detection rate of 91% and 96% in these tests, 
respectively. The diagnostic performance of 5′UTR and 
3D rRT-PCR was also examined in many experiments. 
The real-time quantitative PCR (RT-qPCR) assay has been 
used as the primary diagnostic test for the detection of 
FMD carrier animals and has a greater role in the disease 
control programme (Zhang and Alexandersen, 2003).

Antibody detection

Other than the detection of viral antigen or genome, FMDV 
persistence can also be well diagnosed by the detection 
of antibody response by serological test, particularly 
during post-outbreak period (Rémond et al., 2002). These 
tests for FMD are carried out for certification of animals 
before import or export, confirmation of suspected cases, 
demonstration of vaccine efficacy and to evidence non-
existence of infection (OIE, 2018). The serological 
tests are performed to detect antibodies against FMDV 
structural proteins (SP) and non-structural proteins (NSP).

Detection of antibody against Structural Protein of 
FMDV

The test to identify antibodies against SP are specific 



FMD in livestock population and its diagnosis

Journal of Animal Research: v. 12, n. 06, December 2022	 815

to different serotypes and identifies antibodies induced 
by both natural infection as well as vaccination. Virus 
neutralization test (VNT) is the most common method 
recommended for carrier animal detection which detects 
antibodies against FMDV structural protein.

Virus Neutralization Test (VNT)

VNT recognizes the antibodies against structural protein 
of FMDV and is specific to different serotypes. This test 
is recommended for screening of FMD carrier status 
while certifying the animals or animal products prior to 
export/import (OIE, 2018). A variety of cell lines can be 
used in VNT, but the BHK or IBRS-2 cells give superior 
results than PK-2 cells (Moonen et al., 2004). VNT is 
slow, labour intensive and subject to contamination. A 
high-level bio=containment facility is also required for 
the test to be carried out, which is often an expensive 
obstacle to eliminate (Poonsuk et al., 2018). The ELISA 
is advantageous over VNT because ELISA is rapid, 
inactivated antigens can be used, and can also be carried 
out using small volumes of post-vaccination sera (Paton 
et al., 2005).

Detection of antibody against Non-Structural Protein 
of FMDV

Identification of FMDV infected animals is critically 
essential in control and eradication of the disease 
particularly for those countries which are free from FMD 
or with sporadic outbreak. It is important to differentiate 
between recently vaccinated animals from those animals 
which were previously infected with FMDV for trade 
purpose, as approximately 50% of the infected animal 
exhibit virus persistence and become carrier animals. 
These animals are not reliable as they can be act as a nidus 
of a new outbreak, although transmission from carriers to 
naïve animals has not been demonstrated experimentally. 
Multiplication of virus during the infection induces 
the generation of antibodies in response to structural as 
well as non-structural proteins because similar to SPs, 
some NSPs (mainly proteases and RNA polymerases) 
are also immunogenic (Rémond et al., 2002). Although, 
detection of FMDV specific antibody against the 
structural proteins can be suitable for diagnosis, but there 
should be no history of vaccination as purified vaccine 
induces antibody production in response to the structural 
proteins only. Thus, detection of NSP specific antibody is 

preferred to differentiate infected from vaccinated animals 
(DIVA). Earlier, the assays used for the recognition 
of NSP specific antibodies depend on radioimmuno-
precipitation or enzyme linked immune-electrotransfer 
blot assays. However, many ELISA have been developed 
and preferred over these assays as they are not suitable for 
quick screening of samples in large numbers. An immune-
diffusion test using the viral polymerase also called as 
virus infection associated (VIA) was the first test to be 
developed for DIVA. However, after repeated vaccination 
with conventional vaccine, animals may develop antibody 
to VIA antigen. Therefore, a number of antigenic 
NSPs like 3ABC, 3AB, 3A, 3B, 3C, 2A, 2B, 2C were 
identified and used as potential antigen in various types 
of ELISAs (Poonsuk et al., 2018). The leader protease 
(L protein) is not preferred for diagnosis purpose as it is 
very less immunogenic where as other NSPs are used. 
Among all the NSPs, 3ABC gene seems to be the most 
trustworthy indicator of FMDV replication (Grubman, 
2005; Henderson, 2005) and detection of antibodies 
against this NSP was found very sensitive as well as 
specific tool for DIVA assessment while compared with 
the immuno-blotting test (EITB) against 5 bioengineered 
NSPs viz. 3A, 3B, 2C, 3D and 3ABC (Bergmann et 
al., 2000). However, this OIE recommended assay for 
identification of antibodies against NSP is available only 
from PANAFTOSA, Brazil to the laboratories South 
American. A competitive ELISA to detect NSP specific 
Abs was designed using a recombinant 3ABC protein 
(antigen) and the 3B-specific mAb (Yang et al., 2015). 
Chitray et al. (2018) developed a SAT-serotype specific 
3ABC-NSP ELISA for DIVA assessment. In addition to 
3ABC ELISAs, many NSP assayswere developed which 
identifies the antibodies against recombinant 2B (Biswal 
et al., 2014), 3AB (Mohapatra et al., 2011a), 3B (Chung 
et al., 2018), and 3D (Mahajan et al., 2014). Some in-
house DIVA assays including 1 competitive and 4 indirect 
ELISAs using 3AB3, 3ABC, and truncated 2C (2Ct) were 
designed in India (Mahajan et al., 2013; Mohapatra et al., 
2011a; Sharma et al., 2012) and their performance was 
compared with the two commercially available ELISA 
kits (PrioCheck® FMDV-NS and Svanovir FMDV 
3ABC-Ab ELISA kit). These in-house DIVA assays were 
equally effective in differentiating infected individuals 
from the vaccinated population (Sharma et al., 2014b). In 
one study, all three copies of 3B NSP were expressed in a 
prokaryotic system and an indirect ELISA was developed 
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(r3B I-ELISA) which has a diagnostic sensitivity and 
specificity of about 92.1% and 98.1%, respectively 
(Mohapatra et al., 2014). In another experiment, an 
indirect ELISA was designed to identify the antibodies 
against 3B NSP in infected cattle with 97% sensitivity but 
a lower specificity (80%) than in-house r3AB3 I-ELISA 
(Mahajan et al., 2015).

Mucosal antibody detection

IgA is the secretory and excretory antibody (Ranjan et 
al., 2016a) and is the main antibody isotype in saliva and 
probang sample. Previously, it has also been recognized that 
the mucosal antibody i.e., IgA was secreted predominantly 
from the pharyngeal mucosa in animals exposed to live 
FMDV. FMDV infected cattle regularly mount an IgA 
antibody response in saliva or oro-pharyngeal fluid, in 
contrast, this antibody is not produced after vaccination 
(Parida et al., 2006). Similar findings were also reported 
in pigs where parenterally immunized pigs do not produce 
mucosal antibodies, in contrast, they elicit a greater level of 
antibody response if get infected subsequent to vaccination 
(Pacheco et al., 2010). However, one experimental study 
demonstrated a strong IgA response (local and systemic) 
after immunizing pigs with a dendrimeric peptide (B4T) 
that contains a single copy of FMDV T-cell epitope and 
branched out into 4 copies of a B-cell epitope (Cubillos 
et al., 2008). Jain et al. (2019) developed an IgA ELISA 
using field samples and found that more carrier animals 
were detected by this assay in comparison to qRT-PCR. 
Recently, Biswal et al. (2021) developed and validated a 
mucosal IgA ELISA for detection of carrier animals with 
enhanced level of sensitivity and specificity with detection 
level of 96.9%. Thus, an assay detecting IgA are suitable 
to conduct sero-surveillance to know about the virus 
circulation as well as for detecting FMDV persistently 
infected animals (Biswal et al., 2008; Jain et al., 2019).

Detection of FMDV in the OPF collected through the 
probang cup

Previously it had been well established that FMDV 
multiply locally in the nasopharyngeal and oropharyngeal 
region. Van Bekkum et al. (1959) first documented the 
carrier state by demonstrating the existence of infectious 
virion in the “saliva” or oesophageal-pharyngeal fluid 
by using probang cup from convalescent cattle, up to 

several months after infection. Later, this probang cup was 
modified, standardized and used in an optimized approach 
to detect FMDV in oropharyngeal fluid from carrier cattle. 
Since then, this approach was followed for the detection of 
carrier status in animals by testing this OPF for live virus, 
by VI or Viral genome detection by PCR.

Physiological consideration of OPF collection

When the animal respires, the soft palate is placed below 
the anterior end of epiglottis (Fig. 2A). This placing of the 
palate creates a hollow passage in the respiratory tract and 
the air from the nasal cavities is pass via nasopharyngeal 
regions and enters into the trachea and lungs. However, in 
swallowing animals, there is realignment of structures due 
to the swallowing reflex where the soft palate is deviated 
dorsally and the epiglottis blocks the tracheal entrance 
(Fig. 2B). This realignment of structures leads to creation 
of a passage for feed from the mouth cavity into the 
oesophageal opening (Stenfeldt and Arzt, 2020).

The probang cup is inserted into the oral cavity for 
collection of OPF, which stimulates a swallowing reflex 
and allowing the entry of the metallic probang cup to the 
dorsal nasopharynx and caudo-dorsal soft palate (Fig. 2C). 
The mucosal epithelium of the dorsal part of nasopharynx 
and the posterior end of dorsal soft palate is scrapped by 
repeated insertion and retraction of the probang cup. The 
scrapping of this region can be evidenced by visualizing 
the bruise at the posterior aspect of soft palate after post-
mortem examination of the animal. Sampling using a 
probang cup is a semi-invasive process, because it is 
associated with the scrapping of epithelial mucosa with 
the edges of the metal cup.

Limitation of carrier animal detection from OPF 
collected through probang cup

Although this approach of OPF collection followed by 
virus isolation and viral genome detection is widely 
used for detection of FMDV carrier animals, this 
approach encounters with various major constraints viz. 
discontinuous release of virus as well as the low virus titres, 
release of virus-antibody complexes in OPF which limits 
virus isolation, chances of getting false negative results 
due to virus inactivation while sampling and shipment to 
the laboratory, and the carrier state might be simulated, in 
that FMDV RNA can be encapsidated into coat proteins of 
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bovine enteroviruses. Furthermore, the collection of OPF 
using probang cup is a cumbersome process and also it is 
not practicable to test all the OPF samples while screening 
a large animal population by virus isolation and PCR 
(Biswal et al., 2022).

Fig. 2: Anatomic and physiologic considerations of detection 
of FMDV in probang samples adopted from Stenfeldt and Arzt, 
2020. (A) During breathing, the posterior part of the soft palate 
is placed below the tip of the epiglottis creating an open path 
for passage of air from the nasal cavity into lungs (path of red 
arrows). (B) During swallowing, the soft palate is elevated 
towards the dorsal nasopharynx, the epiglottis closes so that feed 

can pass from the oral cavity into the opening of oesophagus. 
(C) Insertion of probang cup into the oral cavity stimulates a 
swallowing reflex which allows access of the metal cup to the 
dorsal nasopharynx as well as the caudo-dorsal soft palate

FUTURE PROSPECTIVE

FMD carrier animals have been remained as a constraint 
in the international market during export of livestock and 
livestock products. It jeopardizes the declaration of FMD 
free status as it evidenced virus circulation and remained 
as a source of infection. Therefore, detection and removal 
of the FMD carrier animals in a geographical area is 
necessary. A more sensitive and specific diagnostic assay 
should be developed which can overcome the limitations 
of conventional methods used nowadays. More research 
can be done to develop serological assays which can 
identify the antibodies of acute infection against the non-
structural protein of FMDV. A comprehensive eradication 
policy should be suggested to the government authority to 
remove the carrier animals from the herds, so that a virus 
free geographical area can be maintained.

CONCLUSION

Approximately, half of the FMD infected animals remain 
as carriers in which the virus persists and multiply in the 
oro-pharyngeal epithelium. Although transmission of 
the virus has not been demonstrated under experimental 
condition, substantial field evidences suggested the virus 
in carrier animals as infective and few field outbreak has 
been proposed to be originated from FMD carrier animals. 
Therefore, FMDV persistency is considered as a threat to 
livestock economy and the FMD free countries put trade 
barriers on the enzootic countries. This article reviews 
some anatomic, physiologic, and economic impact of 
FMDV persistency and focuses more on its diagnosis. 
Thus, FMD carrier animals must be considered as threat 
in FMD endemic countries, and should be detected and 
removed to maintain a virus free country.
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