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Abstract

Foot and Mouth Disease virus (FMD) is endemic in most countries in Asia, like India, Iran and Pa-
kistan as well as in sub-Saharan Africa and Egypt. This report describes the genetic characterization
of different serotypes of FMD viruses which have caused wide-spread field outbreaks of FMD in
Egypt during 2011-2012. In this study, 17 cases were recognized in 12 Egyptian Governorates in-
cluding Giza, Beni-Sweif, Menia, Fayoum and Aswan in Upper Egypt and other field cases of dis-
ease were also detected in the Delta and Canal Governorates. Phylogenetic analysis of VP1 nucleo-
tide sequences demonstrated that viruses from these field cases fell into three different serotypes that
were belonging to A, O and SAT-2 serotypes. The viruses from serotype O formed two distinct sub-
lineages with close relationship to recent FMD virus isolates from PanAsia-2 (ME-SA) and East Af-
rica (EA-3) topotypes. The serotype A viruses also clustered in two different sublineages related to
Iran-05 (BAR-08) and Africa (G-IV) topotypes. The newly introduced SAT-2 serotype, which has
been emerged during February to April 2012 in Egypt and clustered into two sublineages, however
this work revealed that there was only one sublineage of SAT 2 topotype VII has been reported. The
genotyping data of Egyptian FMD viruses indicate multiple serotypes and topotypes circulating in
Egypt at the same time, which increase the importance to follow up the genetic changes, wide sur-
veillance to study the spread of different FMD strains all over the country. This also will guide us
for best vaccine seed selection to control the disease.
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Introduction ber of temporally and spatially distributed top-
Foot-and-mouth disease virus (FMDV; family otypes. FMD is endemic in Africa, Asia and
Picornaviridae, genus Aphthovirus) causes a parts of South America and has the potential to
highly contagious vesicular disease that affects cause sporadic outbreaks in many other parts
cloven-hoofed animals. of the world. Several FMDV serotypes (O, A,
FMD is still a leading cause of loss of livestock and Asia 1) are endemic or cause periodic
economy in Egypt particularly with trade re- FMD outbreaks in the Middle East and North
strictions from enzootic countries like Ethio- Africa (Knowles et al., 2009; Jamal et al.,
pia, Sudan and India. Outbreaks are still being 2011; Stram et al., 2011). This region is also
reported from time to time round the year. threatened by sporadic incursions of FMD
There are 60 copies of each of the structural serotypes and specific topotypes that are nor-

protein VP1, VP2, VP3 and VP4. The structur- mally restricted to sub-Saharan Africa. Be-
al proteins, VP1-3 fold into an eight stranded tween 1964 and 2005 only serotype O was re-
wedge shaped B-barrel which fits together to ported in Egypt, with the exception of 1972

form the majority of the capsid structure when type A was introduced from sub-Saharan
(Acharya et al., 1989). Africa. In 2006, widespread outbreaks due to
Two classes of receptors (Integrins and hepa- serotype A were introduced by importation of
ran sulphate proteoglycan) are known to which infected cattle (Knowles et al., 2007). It was
FMDYV binds (Jackson et al., 2003). also reported that the recent FMD outbreaks
FMDYV exists as seven antigenically and genet- that occurred during 2008 in northern and cen-
ically distinct serotypes [O, A, C, Asia 1, tral Sudan were caused by serotypes O and

Southern African Territories (SAT) 1, SAT 2 SAT2, while serotype A was last detected in
and SAT 3] that can be subdivided into a num- 2006 (Habiela et al., 2010).
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During 2012, severe FMD outbreaks due to
introduction of SAT 2 serotype for the first
time in Egypt. Initial cases were recognized in
Upper Egypt including Sohag, Qena, and As-
wan Governorates and further outbreaks of dis-
ease were also suspected in the Delta Gover-
norates (Ahmed et al., 2012 and Valdazo et
al., 2012). The clinical picture of FMD in af-
fected animals was characterized by severe
clinical signs in buffalo, cattle, small rumi-
nants, and in particular in very young animals.
In this study, The FMDV strains responsible
for field cases during 2011-2012 were charac-
terized to better investigate the situation in
Egypt and to work with local veterinary au-
thorities to enhance the national FMD control
strategy.

Although vaccination offers many advantages
in control of FMD, still there is opposition to
its use in many part of the world because inter-
national trade regulations put many restrictions
on the use of vaccines against FMD in the form
of import/export.

This report describes the use of sequence data
to characterize the FMDV recovered from the
recent outbreaks in Egypt during 2011-2012.
Nucleotide sequence data are widely used for
phylogenetic analyses to track transboundary
movements of FMDYV, and can also be used to
define antigenic determinants of the virus. Fur-
thermore, sequence data can also be used to
design sensitive and specific molecular tests to
detect FMDV from affected animals.
Materials and Methods

Initial screening of tissue suspensions prepared
from 6 field cases was undertaken using an an-
tigen detection sandwich ELISA kit that de-
tects universal FMDV and serotypes O, A, C
and Asia 1 using ELISA kit (BDSL, IAH, Pir-
bright, UK), (Ferris and Dawson, 1988). The
epithelial suspension samples of 17 cases were
also tested by real-time RT-PCR targeting the
3D region of the FMDV genome (Callahan et
al., 2002). Briefly, RNA was extracted using
QIAamp® viral RNA mini Kit (Qiagen), after
which one-step RT-PCR amplification was
performed using a Stratagene Mx3005p cycler
as previously described (King et al., 2006 and

Shaw et al., 2007). Additional conventional
RT-PCR using 1.5% agarose-gel electrophore-
sis was undertaken using pan-serotypic primers
and type-specific primers that target VP1
(Reid et al., 2000).

The genotyping to detect different subtypes of
FMD was done for A, O and SAT2 serotypes
where the positive RT-PCR products were se-
quenced for partial VP1 gene using BigDye
Terminator v3.1 Cycle Sequencing Kit on a
3130 Genetic Analyzer (Applied Biosystems,
Foster City, CA) and the oligonucleotides pri-
mers used in RT-PCR. Comparative analysis of
partial VP1 gene sequences for the Egyptian
FMD viruses was carried out and compared
with the available sequences using Basic local
alignment sequence tool (BLAST) of the Na-
tional Center for Biotechnology Information
(NCBI) database. Additional sequences were
retrieved from the genbank from contemporary
outbreaks in Libya, Palestinian Autonomous
Territories (PAT) and from other Asian and
African countries were also included for com-
parative purposes. Sequences (from the ABI
3730 DNA Analyzer) were assembled using
SeqScape software and the identity percent
was calculated using (DNAStar Lasergene,
USA) and partial VP1 nucleotide sequences
were aligned using BioEdit 7 software (Hall,
1999) and Clustal W 1.83 program
(Thompson et al., 1994). These alignments
were used to construct distance matrices using
the Kimura 2-parameter nucleotide substitution
model (Kimura, 1980) as implemented in the
program MEGA 4.0 (Tamura et al., 2007).
Neighbour-joining trees were then constructed
using MEGA 4.0. The robustness of the tree
topology was assessed with 1000 bootstrap
replicates.

Results

There were 6 cases from 5 governorates during
2011 tested for FMD antigen detection and
serotyping in clinical samples by ELISA. All
tested samples were positive for universal
FMD antigen and there were 5 of them sub-
typed as serotype A and one case only in Mon-
ofyea was sybtyped as O. All cases were nega-
tive for Asial and C serotypes (Table 1).
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Results of real-time RT-PCR and conven-
tional RT-PCR for detection and genotyping
of FMD:

The epithelial suspension samples collected
from 17 field cases from 12 governorates were
tested by real-time RT-PCR targeting the 3D
region of the FMDV genome. The samples
were tested for common FMD to detect posi-
tive samples. All cases were positive for FMD
virus. Conventional RT-PCR and agarose-gel
electrophoresis were done on positive real-time
RT-PCR FMD samples. The analyses were un-

dertaken using type-specific primers for A, O
and SAT2 serotypes that target VP1 gene. The
result of VP1 gene sequencing for the analysed
PCR products indicates that there are different
FMD serotypes circulating together in Egypt.
They were 2 genotypes from O serotype very
close to O-Panasia 2 and O-Africa-EA3. Two
genotypes of A that were very close to A/
ASIA/Iran-05 and A/AFRICA/G-VIIL. Beside
the new emerging SAT-2 serotype which is
related to SAT2-Africa-VII-Ghb12 (Table 2
and Figures 1, 2, 3).

Table (1). Results of antigen detection by sandwich ELISA for FMD serotyping during 2011-2012.

Virus ID Universal A o Asial C
Giza-Nahia-2011 Pos Pos Neg Neg Neg
Giza-Talbia-2011 Pos Pos Neg Neg Neg

Bani Sweif-Ahnasia-2011 Pos Pos Neg Neg Neg
Monofeya-Sheben elkom-2011 Pos Neg Pos Neg Neg
Kafre EI-Shikh-2011 Pos Pos Neg Neg Neg
Ismailia-2011 Pos Pos Neg Neg Neg

Table (2). Results of conventional RT-PCR for genotyping

Governorates-Y ear Region | Real-time RT- RT-PCR genotypin
PCR (Ct)' A 0 SAT-2
Giza-Nahia-2011 Upper Pos (27) A-Iran05 Neg Nd
Giza-Talbia-2011 Egypt Pos (28) A-Iran05 Neg Nd
Bani Sweif-Ahnasia-2011 Pos (25) A-Iran05 Neg Nd
Menia-2011 Pos (33) Neg O-Panasia2 Nd
Fayoum-Sanors-2012 Pos (22) Neg O-Panasia2 Nd
Aswan-2012 Pos (29) Neg Neg SAT2-Africa-
VII-Ghb12
Sharkia-Belbes-2011 Delta Pos (28) Neg O-Africa-EA3 Nd
Monofeya-shebenelkom-2011 Pos (24) Neg O-Panasia2 Nd
Kafr El-Shikh-2011 Pos (30) A-Iran05 Neg Nd
Gharbia-2012 Pos (25) Neg Neg SAT2-Africa-
VII-Ghb12
Sharkia-salhia-2012 Pos (26) A-Africa-GIV Neg Neg
Alexandria-2012 Pos (28) A-Iran05 Neg Neg
Sharkia-2012 Pos (32) Neg Neg SAT2-Africa-
VII-Ghb12
Kafr El-Shikh-2012 Pos (32) Neg O-Panasia2 Nd
Kafr El-Shikh-2012 Pos (33) Neg Neg SAT2-Africa-
VII-Ghb12
Ismailia-2011 Canal Pos (19) A-Iran05 Neg Nd
Suez-2012 Pos (24) A-Iran05 Neg Neg

'Ct values of positive real-time RT-PCR for common FMD virus detection, Nd=not done
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Fig (1).
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Table (3). Similarity percent between Egyptian and other Afro-Asian FMD-O viruses
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Table (4). Similarity percent between Egyptian and other Afro-Asian FMD-A viruses
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Fig (3). Phylogenetic analysis of Egyptian FMD viruses serotype SAT-2 compared with other Africa viruses.

Table (5). Nucleotide similarity of partial sequencing of VP1 gene between Egyptian viruses and other related FMD-

serotype SAT-2:

Isolate Country Collection Date Similarity %
SAT2/EGY/11/2012 Egypt 2012 99%
SAT2/LIB/7/2003 Libya 2003 92%
SAT2/CAR/75/2005 Central Africa 2005 90%
SAT2/SAU/6/2000 Sudan 2000 89%
SAT 2 isolate Murchison Falls National Park Uganda 2002 89%
SUD/1/2007 Sudan 2007 88%
SAT 2 isolate fd1/074/04 Cameroon 2004 88%

Discussion

This report describes the genetic characteriza-
tion of different serotypes of FMD viruses
which have caused wide-spread field outbreaks
of FMD in Egypt during the last two years
from 2011 to 2012. Initial cases were previous-
ly recognized in Upper Egypt including Aswan
Governorates and further outbreaks of disease
were also reported in the Delta and Suez Canal

Governorates. It was noticed that cattle recov-
ered from FMD could initiate new outbreaks of
the disease especially in endemic countries like
in Egypt. Duration of carrier state is species
related, as much as cattle continue to excrete
virus for up to 3.5 years post infection
(Hedger, 1968) sheep and goats for up to 9
months (Burrows, 1968) and African buffalo
for at least 5 years (Condy et al., 1985).
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The accurate diagnosis of infection with
FMDV is of great importance for both control
and eradication in FMD endemic areas in Afri-
ca including Egypt. Diagnosis of FMD is done
by virus isolation or by the demonstration of
FMD viral antigen or nucleic acid in samples
of tissue or vesicular fluid.

A more sensitive assay like Real-Time PCR
has been developed to detect the presence of
viral RNA irrespective of whether the virus is
free or bounded by antibodies or other sub-
stances (Alexendersen et al., 2001 and Reid et
al.,2001).

In this study, genetic and phylogenetic analysis
of VP1 nucleotide sequences demonstrated that
viruses from field cases recorded in 2011-2012
fell into three different serotypes belonged to
A, O and SAT-2 serotypes. The viruses from
serotype O formed two distinct sublineages
with close relationship to recent FMD virus
isolates from PanAsia-2 (ME-SA) and East
Africa (EA-3) topotypes.

The serotype A viruses also clustered in two
different sublineages related to Iran-05 (BAR-
08) and Africa (G-IV) topotypes.

The FMD serotype SAT 2 outbreaks in Egypt
were officially reported to the OIE on 14
March 2012. Thirteen outbreaks were reported
in eight out of 27 governorates concentrated
mainly in the Delta area and very few along the
Nile in the southern parts of the country. The
newly introduced SAT-2 serotype in Egypt is
clustered into two distinct sublineages within
the SAT 2 topotype VII. (Valdazo et al., 2012
and Ahmed et al., 2012). In this study, there
was only one cluster which appeared in the an-
alyzed sequences from the 4 positive cases
from 4 Governorates and it was belong to SAT
2 topotype VII within cluster Gharbia (SAT2-
Africa-VII-Ghb12).

The genotyping data of Egyptian FMD viruses
indicate multiple serotypes circulating in Egypt
at the same time, which increase the im-
portance to follow up the genetic changes, con-
tinue wide national surveillance to study the
spread of different FMD viruses from different
serotypes all over the country. This also will
guide us for best vaccine seed selection to con-

trol the disease.

These data provide useful information for the
control of FMD in Egypt. Monitoring of field
cases of FMDV are mostly important particu-
larly in Egypt where the vaccination programs
are adopted to control the disease using O and
A serotype vaccine, these vaccines did not pro-
vide any protection against new emerging SAT
-2 serotype during 2012. So, it is highly recom-
mended to update the vaccine seeds to include
the current circulating serotypes of FMD with
continuous monitoring of the genetic changes
in viruses from different locations inside
Egypt. In addition to the local impact of these
FMD outbreaks upon the livestock industry in
Egypt, the spread of mixing serotypes of O, A
and SAT 2 into Egypt can pose an increased
threat of emerging for new variants through
genetic recombination.
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