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Summary

Foot-and-mouth disease virus (FMDV) serotypes O, A and Asial are séspdora significant number of disease outbreaks in
Iraq. The current study can be considemsthe first molecular characterization of serotype Asial in. [fag present investigation
reports the detection of serotype FMDV Asial from local faimSulaimani districts in 2012 and 2014 outbredsylogenetic
analysis of the compledP1 gene has shown that FMDV Asial field isolates were under genett vamant Sindh-08 (group VII)
including PAK/iso/11 and TUR/13 strains. The VP1 protein sequence of circultidy Asial genotype showed heterogeneity of
nine amino acid substitutions within the G-H loop with the vaccine stkaltiShamir/89 (JF739177) that is currently used in
vaccination program in IracOur result indicated that differences in VP1 protein at G-H loop of thelyocirculated FMDV
serotype Asial strain may be a reason for current vaccination failure.
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Introduction and Donaldson, 1992). The purpose of this study is to
identify the FMD Asial serotype during 2012 and 2014.

Foot-and-mouth disease (FMD) is a highly The second purpose of this study is molecular

contagious and acute vesicular disease impactingPidemiology for the detection of FMDV type Asial in

domesticated and wild cloven-hoofed anim@lsmalet ~ Sulaimani province for better vaccination.

al., 2011; Soleimanjahét al., 2013; Rashidt al., 2014).

Foot-and-mouth disease is a prototype member of thgMaterials and Methods

genusAphthovirus of the family Picornaviridae (Ansell

et al., 1994; Carrilloet al., 2005). The virus genome is

an 8.5-kilobase, single strand RNA in the plus Mouth enithelial ti

. ! o9 . ) pithelial tissue &s collected from suspected
orientation (Jelokhani-Niaralt al., 2.010’ Sabaet al., FMD infected cattle in two different regisr{Halabjay
2012) It has four structural prote_lns known as VP4, Shahid and Bakrajo) of Sulaimaini 2012 anc2014: the
VP2, VP3.’ and V.Pl‘ The nucleotide sequences of thesamples were collected by the local veterinary
VP1 coding region have been used for genetlcdepartment The samples were transported the

char_a.cterlzanon (.)f FMDV strains because of th.ewveterinary laboratory of Sulaimani under cold climate.
significance for virus attachment and entry, protective

immunity and serotype specificity (Jamal and Belsham, .

2013; Rashidet al., 2014). A major highly variable RNA extraction _ L
antigenic site in the FMDV is located at the exposed G- RNA was extracted directly from mouth epithelial
loop, comprising amino acids 134-160 of the capsidtSSUes by using RNA extractlon’ tissue kit (Genaid,
protein VP1 (Acharyat al., 1989; Logaret al., 1993) Korea) according to rr}anufact.urer s protocol. The
VP1 plays a significant role in cell infection and is also a €xracted  RNA was immediately used for CDNA
primary target for conservative host responses mediate§YNthesis.

via humoral immunity (Liet al., 2011) Foot-and-mouth

disease is endemic in Iraq; the first offityarecoreed ~ Oligonucleotide primers

instance of FMD strain serotype Asial is in 1975 (Ferris  Two sets of primers were uséd the current study

Sampling
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(Table 1). First the universal primer set (1F/1R) waswith Kimura 2-parameter nucleotide substitution model
designed for diagnosis of all FMD virus serotypes (Reid (Tamuraet al., 2013).
et al.,, 2000; Saeectt al., 2011). The second set of
primers (Asl 1C-505 & NK61) as used to identify Results
FMDV type Asial(El-Kholy et al., 2007; Saeedt al.,
2011; Zinnatet al., 2012) The primers were synthesized
by (Biooner, Republic Korea). Identification serotype Asial

The representative FMD positive samples were
processed with amplification of 328 bp of 5UTR region
by PCR, which is a conserved region for all serotypes of
FMDV. Asial FMD serotypes were detected by
amplification of 911 bp by using serotype primer pair
(Tablel). The PCR products sequenced were submitted
pmole) NK61 primer (Table 1) and 13 uL of ultra-pure to Genbank with accession number (JX455113 and

water, two reverse primers were added together in thé<M047049)’ respectively.

reaction and the mixtures were incubated in a

thermocycler (Bio-Rad, USA) programmed at 70°C for 5 Sequence analysis and phylogenetic tree
min and 4°C for 1 min. The mixture was then added toconstruction

lyophilize RT premix. The reaction incubated in The putative amino acid sequence of serotype Asial
thermocycler was programmed at 42°C for 60 min, of two Sulaimani isolates were then compared with

Reverse transcription

Synthesis of first strand cDNA was performed using
AccuPower RT premix (Bioneer, Republic Korea). The
reaction mixture containedS pL extracted RNA
template, 1uL (10 pmole of IR primer and 1 pL (10

followed by 95°C for 5 min. twelve other FMDV Asial strains (Table 2). Asial field
isolates genomes exhibited identities ranging from 85.1%
Polymerase chain reaction (PCR) to 99%. The highest similarity of (Slemani/IRQ/2012)

PCR reaction was performed to amplify all SerotypesiSO'ﬂte was found to be with /PAK/iso-1/2011 and
of FMDV. The PCR amp"fication reactionas carried TUR/13/2013 with 99% similarity, but the S|m|Iar|ty of
out in 0.2 ml tubes using AccuPower PCR PreMix. The (Sleman|/2/IRQ/2014) isolate with PAK/iso-1/2011 and
reaction mixture contained5 uL cDNA template, 1 uL ~ TUR/13/2013, showed 95% and 94% identity,
(10 pmole) of IF primer, 1 pL (10 pmole) of IR primer, respectively.
lyophilized master mix and3 uL of ultra-pure water in A comparative analysis of the two field isolates
20 L total volume. exhibited a 95% identity to each other. Interestingly,

The PCR cycle began with 2 min at 94°C, followed these isolates presented great amino acid diversity from
by 38 cycles consisting of denaturation at 94°C for 30 s,Asl/Shamir vaccine strain ranging from 11-14.9%,
annealing at 55°C for 30 s, and extension at 72°C for 5espectively.
min then a final extension at 72°C for 10 mifio The completevP1 gene of both Slemani sequences
amplify FMD type Asial (amplicon size of) primer pair Were aligned and compared with the reference vaccine
of (Asl 1C-505 and NK61) with the same conditions strains (Asl/Shamir/89, Ind/97, and TAJ/64) for
apart from 1 min annealing stage were used. To detect asequence analysis (Fig. 1). VP1 protein revealed (nine,

EMD strains and FMD type Asial, the PCR products Often and twelve) amino acid substitutions within théd G-
328 and 911 were e|ectroph0resed in 1% agar]loop with the vaccine strains As1/Shamir/89, Ind/97, and

respectively. TAJ/64 (JF739177, AY687334, FJ785278), respectively.
The phylogenetic tree is shown in (Fig. 2). All the 48
isolates from Asial were found to be divided into seven
groups (group’s 1-VII). The phylogenetic analysis of the
completeVP1 gene sequence of FMDV Asial and strain
in this study showed that two field virus sequences
belonged to Sindh-08 (group VII) and were clustered
ith PAK/is0-1/2011 and TUR/13/2013 isolates. Even
ough Asl/Shamir vaccine strain formed a single group

Phylogenetic tree

Phylogenetic trees were constructed based on th
sequence alignment P1 gene from 48 FMDV strains
including Shamir/vaccine strain obtained from the
GenBank. The sequence homology and multiple
sequences alignment at the nucleotide and amino aci
level was performed by the CLUSTALW program ; - )
(Thompsoret al., 1994). The phylogenetic tree, based on OtUt .Of tshe\;en groupg,_thlls res_ult |nglca_tes th?ththe \{accme
VP1 sequences was constructed using MEGA g.0>ain that was used in frag Is producing hot homologous

program employing the neighbor-joining (NJ) method with field isolates.

Table 1: List of primers used for detecting FMVV type Asial by RT-PCR

Primer name Sequence Location on genome Amplicon Reference
IF GCCTGGTCTTTCCAGGTCT

IR CCAGTCCCCTTCTCAGATC SUTR 328 (15,16)
Asl 1C505F TACACTGCTTCTGACGTGGC 1C 911 (18)
NK61 R GACATGTCCTCCTGCATCTG 2B 911 (15, 17)
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Table 2: Identities and divergence of the two isolates from the Sulaimanidareferences strain
1 2 3 4 5 6 I 8 9 10 11 12 13 14 15 16

1 93.3 89.0 89.0 852 99.0 99.0 8/.1 8/.6 88.6 88.6 89.0 895 919 895 89.0
2 6.7 85.1 851 804 923 933 833 84.1 856 83.1 851 87.1 887 86.1 85.6
3 11.0 149 948 890 886 89.0 943 943 948 924 100 90.0 90.0 92.8 92.3
4 11.0 149 5.2 114 886 89.0 943 933 948 948 948 896 981 919 915
5 148 196 11.0 88.6 85.2 852 86.7 87.2 87.7 87.7 885 844 86.3 89.6 89.1
6 1.0 77 114 114 1438 98.1 855 87.1 881 886 881 895 914 89.0 88.5
7 1.0 6.7 11.0 110 148 1.9 87.1 87.6 88.1 87.6 89.0 895 919 895 89.0
8 129 16.7 5.7 5.7 133 145 129 98.1 952 929 943 87.1 88.6 89.0 88.6
9 124 159 5.7 57 128 129 124 1.9 957 934 943 872 882 881 88.6
10 114 144 5.2 52 123 119 119 6.0 4.3 957 948 90.0 89.1 90.5 90.0
11 114 169 7.6 52 123 114 124 7.1 6.4 4.3 924 882 872 882 877
12 11.0 159 0.0 52 115 119 110 5.7 5.7 5.2 7.6 90.0 09.0 92.8 92.3
13 105 129 100 104 156 105 105 129 128 10.0 11.8 10.0 89.6 91.0 905
14 81 11.3 10.0 109 137 8.6 81 114 11.8 109 12.8 10.0 10.4 915 91.0
15 105 139 7.2 81 104 110 105 110 109 95 118 7.2 9.0 8.5 99.5
16 11.0 144 7.7 85 109 115 11.0 11. 11.4 100 123 7.7 9.5 9.0 0.5

The upper right values are the percentage identities &fRthegene among viruses and the lower left values are the divergece. 1
FMD isolates from the Sulaimani (JX455113 and KM047049), respectivélyTBree vaccines references (JF739177, AY687334,
FJ785278), respectively; 6-16: FMD Asial isolates from difference taesnwith GenBank accession numbers (JX435110,
KM268898, DQ121402, HQ439195, DQ989309, DQ121113, AY593800r85256, DQ121120, GQ452295, DQ121401),

respectively
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Fig. 1: Two fields isolate sequences alignment with three vaccines refeMuottele sequences alignment of the amino acid of
residue at G-H loop (133-160) of VP1 region two fields isolates FMD tygi&lAwith currently available vaccine strain (Shamir89),
Ind/97, and TAJ/64
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Foot-and-mouth disease virus remains a significant
threat to animal husbandry in Iraq. A recent study
analyzed molecular and serology detection of serotype
Asial FMD in lraq in2012 (Sabaret al., 2012). The
phylogenetic study demonstrates that the viruses from
new Sindh-08 (group VII) have been responsible for
Asial FMD outbreaks in the country (Fig. 2). For the
first time in Sulaimani/lraga thorough study was
conducted for the screening of the circulating serotype.
Results of this study shed light on the epidemiological
situation of type Asial FMDV in this region and will
help to develop better understanding of evolutionary
distribution of the virus. Even though FMD Agia
appeared in Irag around 1975 (Ferris and Donaldson,

) SICHA/DSELI3652) 1992) there is no genetic information about what type of
) e et iyl Asial FMD existed in the country in previous years that
‘{ AmuRus/0sEa121a01) | “ would allow the comparative analysis of the evolution of

FMD variants over time. VP1 regisnused for

comparison in this study are significant for the analysis

81 — AFGM/01 (DR121110) i
o [y A o of serotype specificity, evolution and the occurrente
"-‘"—| - ARE/1/01 (Bier2105) antigenic heterogeneity, especially in the context of
IRN/25/04 (DC 1120)

100 SINPAK/OSHO4201090)
98 L’— PARKMNHG432192)
PARAS/08 (HQ439187)
TUR/13/2013 (KM 268898)
Sle/2/IRGAMNA(KMO47049)

— [ ]
Tl C @ SI/IRCY12(@55113)

75 PARAS0-1/11{J4.25110)

Sindh-08 (Group VII)

FMD outbreak (Ruiz-Jaraba al., 2000; Dominget al.,
2003. The Asl/Shamir vaccine strain exhibited high
levels of genetic diversity (14.9-11%), and low identity
(85.1-89%) with field isolates most likely be reflected in
antigenic differences. The antigenic analysis reported by
Pirbright, UK shows that a virus

using the nucleotide sequences for the complete VP1 codingzs/pAK/292009 which was in the group Sindd8
regions of serotype Asial FMDVs
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(group VII) along with both Sulaimani FMDV Asial Laboratory for Foot and Mouth Disease: a review of thirty-
isolates, was not neutralized antisera generated against three years of activity (1958-1991). Revue Scientifique et
the Asial/Shamir vaccine (Jamaét al., 2011). Technique (International Office of Epizootics). 1857
Nevertheless, Shamir/89 vaccine strain is considered a
an appropriate one of the best choice strains for inductio
in vaccine when compared to the other two vaccine;,
strains (Ind/97 and TAJ/64) [Fig@.and Table 2]. Similar
investigations are continuously required in the disease- serotype Asia-1 foot-and-mouth disease viruses in Pakistan
endemic areas of Irag for the improvement of  and Afghanistan; emergence of a new genetic group and
vaccination and disease control strategies to avoid the evidence for a novel recombinant virus. InfeGenet
emergence of new outbreaks wittstinct variants of the Evol., 11: 20492062.
virus. National effort must be made to provide an Jelokhani-Niaraki, S; Esmaelizad, M; Daliri, M; Vaez-
alternate vaccine strain instead of Shamir/89 vaccine gzrsl:‘ézn"ceR;ngama:zagﬁ:'ﬂCManZ?dsich(’)t]f"th(';" nc()znoslt?ﬁctural
Strain.that.has .Iess. diversity gnd better antig_enic 3Aqand 3B pr?)teyin-%oding regigns of foot-and-mouth
matching with Asial field strain, in order to provide disease virus subtype A Iran 05. ROV, 11: 243.247.
better control measure. Li, P; Lu, Z; Bao, H; Li, D; King, DP; Sun, P; Bai, X; Cao,
Despite  meaningful information being available  w; Gubbins, S and Chen, Y(2011). In~itro andin-vivo
about the virus, the disease, and vaccines, FMDV phenotype of type Asia 1 foot-and-mouth disease viruses
remains a major threat to the livestock industry

utilizing two non-RGD receptor recognition sites. BMC
worldwide. Moreover, molecular characterization of

amal, SM and Belsham, GJ2013. Foot-and-mouth disease:
past, present and future. Vet. Rdgl: 116

mal, SM; Ferrari, G; Ahmed, S; Normann, P and
Belsham, GJ (2011). Molecular characterization of

Microbiol., 11: 154

FMDV Slemani Asial isolates showed considerablel09an, D: Abu-Ghazaleh, R; Blakemore, W Curry, S;
diversity with As1/Shamir/89 vaccine strain. Outbreaks ~ Jackson, T: King, A Lea, S; Lewis, R; Newman, J and

. : . . Parry, N (1993. Structure of a major immunogenic site on
in vacm_nated animals represent challe.nges W'th. regard to foot-and-mouth disease virus. Nature. 362: 568:
evaluation of the existing vaccine strain

: S ’ > . and Rashid, PMA; Marouf, AS; Raheem, ZH and Babashekh,

identification of new correlate vaccine strain whiish MO (2014. Phylogenic analysis and molecular

relevant to Iraq. characterization of Slemani/Kurdistan/2013 foot and mouth
disease virus shows circulation of new genotype in Iraq J
Zankoy Sulaimani. Part A6: 3.

Reid, SM; Ferris, NP; Hutchings, GH; Samuel, AR and
Knowles, NJ (2000. Primary diagnosis of foot-and-mouth
disease by reverse transcription polymerase chain reaction.
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