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Development of a peptide based latex agglutination assay for serotype
identification of foot and mouth disease virus
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Out of 200 serum samples collected from cattle (142) and buffaloes (58) of various ages and sexand subjected to latex
agglutination test (LAT) using serotype specific peptides (O, A, Asia 1) and aso with peptide for non-structural protein 2B
(NSP-2B), 114 (70%) samples were positive against FMDV type ‘O’, 102 (51%) against serotype ‘A’ and 104 (52%)
against serotype ‘Asia1l’. With NSP-2B peptide a total of 71 (35.5%) samples were positive. The results suggest that LAT
could be used for the diagnosis of foot and mouth disease virus as it is easy, cheap and effective test.
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Foot and mouth disease (FMD) is a highly contagious
disease of cloven footed animals. It is one of the most
important viral infections affecting bovine that affects
economy of livestock worldwide™?.

The genome of FMD virus encodes a single protein
that is cleaved to form mature products which
include four structural proteins viz. VP1, VP2, VP3,
and VP4 and eight non-structural proteins viz.2B, 2C,
3A, 3D, LP®, 2A, and 3C"**°. Among the structural
proteinsVP1 is the most frequently studied protein
owing to its significant roles in serotype specificity,
virus attachment and protective immunity. The high
sequence variability found in this protein accounts for
the low cross reactivity observed among different
serotypes’. It is aso known that both the cell
attachment site and the immunodominant region of
FMD virus are located on a solvent exposed region at
the surface of the virion, namely the trypsin-sensitive
areas of VP1’® Also important antigenic sites
of FMD virus are located on the sequence between
amino acids 140 and 160 and that of the C terminus of
VP1*" and severa overlapping B-cell epitopes
located within this region are able to induce both
neutralizing and non-neutralising antibody responses’.

Several diagnostic tests such as complement
fixation test (CFT), enzyme linked immunosorbent
assay (ELISA) and polymerase chain reaction (PCR)
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are used in diagnosis of FMDV but none of them is
applicable in the field conditions due to their
requirement of specialised laboratories, skilled personnel
and high cost. Serotype specific peptides have been
used for the diagnosis of FMDV* but these had
limited field application as the activity of the tested
peptides were studied using solid-phase indirect
radioimmunoassay on polyethylene film with purified
immunoglobulins against intact FMD virus.

The present study has been undertaken to use latex
agglutination test (LAT) as an alternative diagnostic
method in the diagnosis of FMDV and also to useit as
differentiation of infected from vaccinated animals
(DIVA) when peptides against non-structural protein
were incorporated in the test.

Materialsand Methods

Collection of sera—A total of 200 blood samples
were collected from cattle (142) and buffaloes (58)
in and around Ludhiana District, Punjab from
December 2010 to April 2011. Out of 142 cattle,
5 (3.52%) were under 6 months of age, 8 (5.63%)
were from 6-12 months of age, 11 (7.74%) were
1-2 years old and 118 (83.09%) were more than 2
years of age. Out of 58 buffaloes, 4 (6.89%) were 1-2
years old and 54 (93.10%) were of more than 2 years
of age. The vaccination status of the individual animal
was also recorded as informed by its owner. Serum
was separated from the clotted blood and was stored
at -20 °Cill further use.
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Selection of serotype specific sequences—For the
identification and sdlection of serotype specific
peptide sequences, aready published sequences
differentiating different FMDV serotypes were
selected™®. Basic loca alignment search tool
(BLAST) software (http://blast.ncbi.nim.nih.gov/Blast.cgi)
was used to compare the selected virad peptide
sequences with the FMDV sequences available
in the Genbank (www.nchi.nim.nih.gov/genbank). To
further increase serotype-specificity the above
sequences were trimmed to prevent any cross
reactions or non specific agglutination reactions
between serotypes during the test.

The amino acid residues 140-160 from VPl of
A,,Cruzeiro and ‘O, Kaufbeuren strains of FMDV
were selected for peptide synthesis. The amino acids
residues 140-160 and 200-213 from the VP1 sequence
of FMD type‘Asial (Asial Ind 63/72) were selected
for peptide synthesis and both the proteins short
chains were linked using proline-proline-serine
(P-P-S)™. Non-structural protein (NSP) 2B of FMD
was selected from the serotype ‘O1K’ for the peptide
synthesis™.

The amino acid sequences selected were as follows:

A (AyCruzeiro): GSGRRGDMGSLAARVVKQ
O (O,Kaufbeuren):  VPNLRGDLQVLAQKVART
Asial RRK QEII APEKQVLPPSQPTRRGD
(Asialind63/72): LAVLAQRVSNR
d. NSP2B(O1K):  RSTPEDLERAEKQ

Synthesis and conjugation of peptides—The
peptides ‘O’, ‘A’, ‘Asial and NSP 2B, were coated
with deep blue, white, dark red and fluorescent orange
coloured latex beads (Sigma=Aldrich, Germany).
Theinvitro synthesis of al the individual peptides and
its tagging with varioudy coloured latex beads were
done from Bioconcept Labs Pvt Ltd, Gurgaon.

Latex agglutination test—Equal quantity (5 pL) of
serum sample and peptide coated latex beads were
put on a clean grease free glass dide individudly. It
was mixed thoroughly using a sterile wooden tooth
pick and the formation of clump within one minute
was indicative of positive agglutination reaction.
Foetal caf serum (Sigma-Aldrich, Germany) was
used instead of serum as negative control.

Multiplex latex agglutination test—Serum sample
(5pL) and 5 pL each of FMDV type O, A, Asial and
NSP 2B peptides conjugated latex beads were put
together on a clean grease free glass slide. The serum
sample and peptides were mixed thoroughly using a

sterile wooden tooth pick to observe the clump
formation within one minute. Fetal calf serum
(Sigma-Aldrich, Germany) was used instead of serum
as negative control.

Results and Discussion

Foot and mouth disease is one among the most
contagious diseases of livestock and is endemic in
Indiatill date. It is prevalent amost in all the parts of
the country and occurs round the year. In the present
study a total of 200 serum samples collected from
cattle and buffaloes in and around Ludhiana district
were subjected to LAT using serotype specific
peptides againgt O, A and Asia 1 conjugated with
different coloured beads. Since only four serotypes
O, A, Cand Asia 1 of FMD have been reported from
Indiatill date and out of these serotype C has not been
reported from India since 1995™, serotype C was not
considered in the present study and was excluded.
The subsequence 140-160 amino acid residues of VP1
of A, Cruzeiro and O, Kaufbeuren strains of FMDV
were selected for peptide synthesis since this
particular region is reported to be unique for these
serotypes™. Though in the present study peptides
were synthesized from A,4 Cruzeiro which is not of
Indian origin, upon blasting the selected peptide
sequence used in the study it was observed that the
selected peptide was able to identify many of the
Indian FMDV serotype A.

Similarly the O, serotype selected for peptide
synthesis in the study was not of Indian origin but it
was observed that upon trimming the selected peptide
was able to identify more no. of Indian O serotypes
with higher specificity when compared by BLAST.
However, for Asia 1 aongwith 140-160 amino acid
residues'® of VP1, minor amino acid residues from
200-213 dso on VP1 were identified and linked
together. Since these minor amino acid residues on
VPL act as a minor neutralizing site for Asial®,
linking of these two residues together was done to
increase the specificity to identify Asial.

Latex agglutination test using beads conjugated
with serotype specific peptides—Out of 200 sero-
samples from cattle and buffaloes when tested with
LAT indicated 114 (70%) samples were postive
against FMDV type O, 102 (51%) against type A and
104 (52%) against serotype Asia 1 (Fig. 1). These
results indicate that the tagging with the peptides
was able to identify serotypes successfully, since the
current vaccine against FMD manufactured in the
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Fig. 1—Agglutination of serum by specific FMDV peptides. a: O (blue beads); b: A (white beads), c: Asia 1(dark red), d: Non-structural
peptide (NSP 2B) (fluorescent orange),e: Absence (control FCS)
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country is a trivalent vaccine consisting of serotypes
O, A and Asia 1'". No agglutination was observed
with feta caf serum (Fig. 1). These findings aso
indicate that the prevalence of antibodies against type
O was maximum followed by Asia1 and A in the test
population. The presence of antibodies against
O serotype in more number of animals than the other
two serotype indicates that the vaccine used in these
animals had good antigenic mass against serotype
O as compared to the other two serotypes which had
amost same percent prevalence in the population
when tested with LAT. Moreover, it has aso been
reported earlier too that about 85% of the outbreaks of
FMD in India are caused by serotype O, 8-10% by
A and rest due to Asia 1'® indicating that protection
against serotype O is very important from control
point of view against FMD (Table 1).

Also, maximum numbers of animals exhibiting
antibodies against serotype O are in concurrence
with the earlier study in which with LPB ELISA
70.90% serum samples showed protective antibodies
against type O, 61.06% against A type and 37.70%
against type Asia1’. These results suggest that
specific peptide based latex agglutination test is
successful in identification of serotypes of FMDV on
the basis of agglutination test.

Latex agglutination test using beads conjugated
withnon-structural protein (NSP-2B) peptide—When
al the serum samples were subjected to LAT using
NSP-2B peptide it was found that 71 (35.5%) animals
were positive against NSP (Fig. 1). Since antibodies
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against NSP can only be produced in animals infected
with FMD and cannot be produced in animals that are
only vaccinated thus it helps in differentiation of
infected from vaccinated animals®. Also, vaccination
against FMD isinadequate in almost all the states due
to which occasiona disease out-breaks occur in the
endemic zones”. Therefore, DIVA test is important
and assumes a greater significanceinthefield (Table 1).
Multiplex latex agglutination test—The above test
was performed only with limited no. of samples to
observe whether the multiplexing using coloured bead
is successful. When multiplexing using al the
peptides with different latex beads was combined in a
single reaction, the agglutination with beads of
different types were clearly visible (Fig. 2). The
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Fig. 2—Simultaneous agglutination of beads conjugated to three
different serotypes of FMDV with serum from vaccinated animal

Table 1—Cattle (C) and buffaloes (B) positive for serotype O, A, Asial and NSP

Age groups Total No. of (@) A Asial NSP
animas
Totd V NV Total V NV Totd V NV Total vV NV
positive positive positive positive
<6m C 5 4 4 0 5 5 0 4 4 0 0 0 0
B 0 0 0 0 0 0 0 0 0 0 0 0 0
6-12m C 8 5 5 0 2 2 0 1 1 0 3 3 0
B 0 0 0 0 0 0 0 0 0 0 0 0 0
1-2y C 11 6 5 1 5 3 2 3 3 0 2 2 0
B 4 2 1 1 2 2 0 4 4 0 3 3 0
>2y C 118 65 58 7 55 4 21 58 50 8 40 36 4
B 54 32 31 1 38 32 6 34 29 5 23 19 4
Total C 142 80 72 8 67 4 23 66 58 8 45 41 4
B 58 34 32 2 40 34 6 38 33 5 26 22 4
Percent C 56.34 47.2 46.5 31.7
B 58.6 68.97 65.5 44.83

V: vaccinated; NV: non vaccinated




128

results indicate that tagging the peptides with different
coloured beads and simultaneoudy using them in a
single reaction could be used for initial screening.

Thus from the present study it could be concluded
that out of 200 serum samples subjected to LAT, 114
samples were positive and 86 were negative for
antibodies to FMDV type O, against serotype A, 102
samples were positive and 98 were negative and
against serotype Asia 1, 104 were positive and 96
were negative. When NSP peptide was used in LAT,
71 samples were positive and 129 were negative
indicating that with tagged NSP peptide vaccinated
animal could be detected and differentiated from
infected animals. Finaly LAT is cheap, effective and
easy test which can be used for FMDV diagnosis at
field, however, further validation is required.
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