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Molecular epidemiology of Foot and Mouth Disease
Virus during 2014 with References to Biochemical
Changes in Egyptian Buffaloes

Mervat E. I. Radwan', Nashwa O. Khalifa? and Hanan A. Fahmy?
Abstract
'Department of infectious Diseases,

Faculty of Veterinary Medicine, Benha
University, Toukh, 13736, Egypt

In April 2014 foot-and-mouth disease virus (FMDV) affected water buffaloes
(Bubalus bubalis) aged from 3-5 years in Qalyubia, Egypt. The aim of the
present study was to diagnose FMDV molecularly and biochemically. Blood
samples were collected from buffaloes suffering from characteristic clinical
signs of FMDV infection as fever, profuse ruby threads salivation, ulcer on
muzzle, vesicles on foot and lameness. Blood samples, tongue epithelium

and vesicular fluid were evaluated by real time RT-qPCR for the diagnosis of
FMDV using different probes and primers of universal (3D) gene and VP1
gene for serotypes A, Iran O, Asia and SAT2. The positive sample confirmed
by one step reverse transcription polymerase chain reaction (RT-PCR). This
resulted in the identification of a SAT2 serotype was the causative agent and
the amplified RNA virus resulted in 716bp. Serum samples of positive PCR
infected animals compared with apparently healthy control group was used

to determine the concentration of aspartate amino transferase (AST), alanine
amino transferase (ALT), alkaline phosphatase (ALP), albumin, total protein,
calcium (Ca), iron (Fe) and inorganic phosphorus (Ph). A level of nitric oxide
(NO) and malondialdehyde (MDA) were calorimetrically measured in serum
as markers for oxidant status. There was a significant increase (P<0.05) in
AST, ALT, ALP, Ph, NO and MDA and a significant decrease (P<0.05) in
albumin, total protein, Ca and Fe in serum of clinically affected animals. It
was concluded that FMDV serotype SAT2 circulate in Egypt and associated
with biological alteration and disturbed oxidative status.

2Zoonoses Department, Faculty of
Veterinary Medicine, Benha
University, Toukh, 13736, Egypt

®Biotechnology Department, Animal
Health Research Institute (AHRI),
Giza, 11331, Egypt
*Corresponding Author’s Email

Dr_Mervat19@yahoo.com
Tel.: 01223523271

Key words: Biochemical, Buffaloes, FMDV, Molecular, Oxidative

INTRODUCTION

Foot and mouth disease virus (FMDV) is a highly
contagious disease of all cloven foot domestic and wild
animals. It caused by the family Picornaviridae of genus
Aphthovirus (Yang et al., 1999 and Mezencio et al.,
1999). There are seven serotypes of FMD virus A, C, O,
SAT1, SAT2, SAT3, and Asia 1. Infection or vaccination
with one serotype does not confer immunity against the
others. Thus, the virus causing the outbreak must be
isolated and characterized for an appropriate vaccine
selection (Biswal et al., 2014). FMDV is endemic in most
countries in Asia, like India, Iran and Pakistan as well as
in sub-Saharan Africa and Egypt (Salem et al., 2012).

The disease is characterized by fever blisters or
vesicles erosions and ulcers in the mucosa of mouth,
tongue lips, gums, pharynx and palate. Vesicles may
also found on the coronary band between claws and on
the teats, lameness is evident in animals with foot
lesions, some strains of the virus cause necrosis of heart
muscles and many result in death before lesions develop
in the more common and visible locations such as the
mouth or foot (Rodostits, 2007 and Lubroth, 2002).

FMD is enzootic in Egypt, due to the O and A
serotypes (Knowles et al., 2007 and FAO, 2012). In
February 2012 SAT 2 was the primary cause of a FMD
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Table 1. Percentage of the most clinical signs associated with FMD virus disease.

Number
No. of clinically
Clinical affected buffalo Percentage
_Signs
Fever 53 53%
Off food 37 37%
Lameness 52 52%
Salivation 28 28%
Ulcers on muzzle 58 58%
Vesicles on foot 58 58%
Vesicles on teat 30 30%
More than one clinical signs 70 70%

outbreak struck Egypt and led to 82362 suspected cases,
of which 19655 died (FAO, 2012).

The molecular epidemiology of FMDV has progressed
from a study of European outbreaks, often closely
associated with re-introductions of vaccine strains to
global comparisons of many genetic lineages and the
detailed study of a single pandemic strain (Knowles and
Samuel, 2003). Lineage-Specific Reverse Transcription-
Polymerase Chain Reaction Amplification Assays (RT-
PCR) useful for screening large numbers of FMDV
isolates in order to confirm the presence of a single
genetic lineage or to distinguish two or more variants
active in a single geographical location (Knowles and
Davies, 2000). RT-PCR procedures have been evaluated
at the world reference laboratory (WRL), Pirbright, UK for
the routine diagnosis of FMD virus using universal
primers for all seven serotypes and serotype-specific
primers (Reid et al., 2000). Currently, molecular methods
to detect FMDV are mostly used to confirm or rule out
FMD in suspected cases. The only method routinely
employed is RT-PCR, usually in the form of a real-time
assay (Moniwa et al., 2007).

Viral infection activities the immune system, it causes
release of reactive oxygen species (ROS) and reactive
nitrogen species (RNS) with the potency of inducing
oxidative stress (Mousa and Galal, 2013). Detection of
free radicals damage and the body’s defenses it has
become increasingly macrophages to synthesize large
quantities of nitric oxide (NO) that plays an important role
as defense mechanism (Rockett et al.,, 2007), it has
cytotoxic effects on these activators when synthesized in
large quantities (Kandmir et al., 2011). ROS and RNS are
capable of degrading portion and nucleic acid. In addition
it can attack the polyunsaturated fatty acids of membrane
lipids causing lipid per oxidation lead to disorganization of
cell structure and function (Halliwell et al., 1992). Lipid
per oxidation is well established mechanism of cell as
injury and is used as an indicator of oxidative stress in
cells and tissues (Mousa and Galal, 2013). The most
abundant lipid peroxide by product is malondialdehyde
(MDA) (Heidarpour et al., 2013). It used as indicative
markers for oxidative damage (Kandemir et al., 2011).

The body minimized the cellular effects of ROS by
production of antioxidants which depleted with increasing
of ROS production (Zalba et al., 2006).

This study was designed for the diagnosis of FMD
serotypes by real time RT-gPCR and confirmed by RT-
PCR on symptomatic blood samples to investigate the
genetic characteristic, biological alteration and oxidative
stress parameters associated with FMD disease virus in
apparently infected buffaloes.

MATERIALS AND METHODS
Animals

The study was carried out on 100 dairy buffaloes aged 3-
5 years in different private farms in Qalyubia Governorate
were suffering from characteristic clinical signs suggested
to be due to FMDV infection during April 2014 as
mentioned in (Table, 1). All animals subjected to clinical
examination according to (Radostits et al., 2007).

Samples

Two types of blood samples were collected from jugular
veins of symptomatic infected buffaloes. The first type of
blood samples were collected in sterile tubes with EDTA
for amplification by PCR as well as tongue epithelium and
vesicular fluid. The other type of blood samples were
collected in tubes and left few minutes to obtain serum for
serologic evidence of biochemical and oxidative profiles.
The collected samples were coded and preserved at -20
°C till used.

Genetic characterization

Extraction of viral RNA

Genomic RNA was extracted from blood samples,
epithelium and vesicular fluid using EZ1 Virus Mini Kit by
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Table 2. Primers and probes for genotyping of FMDV by Real Time RT- gPCR

FMDV Gene Direction Oligonucleotid sequence (5'— 3')
Forward ACT GGG TTT TAC AAACCT GTG A
Universal Cagega” Reverse GCG AGT CCT GCC ACG GA
Probe TCC TTT GCA CGC CGT GGG AC
Forward ACG ACC ATC CAC GAG CTY
Alran VP1 Reverse RCA GAG GCC TGG GAC AGT
Probe CGT GCG CAT GAA ACG TGC CG
Forward CCG AGA CAG CGT TGG ATA
(0] VP1 Reverse CCATAC TTG CAG TTC CCG
Probe CCG ACT TGC ACT GCC TTA CAC GGC
Forward GCA GTW AAG GCY GAG ASC
Asia VP1 Reverse GCA RAG GCC TAG GGC AGT
Probe AGC TGT TGA TCC GCA TGA AAC GYG CG
Forward TGA AGA GGG CTG AGC TGT
Sat 2 VP1 Reverse CTC AAC GTC TCC TGC CAG
Probe ACA GAT TCG ACG CGC CCA TCG

Table 3. Thermal cycling protocol for detection of FMDV by Real Time RT- gPCR.

Operation Temp. Time Cycle
RT 55°C 5min. 1
Enzyme inactivation 95°C 10min 1
Denaturation 95°C 15sec 45
Hybridization, extension and data collection 60°C 1min

RT: Reverse transcriptase.

EZ1 Advanced Automatic Extractor (Qiagen—-Germany)
as instructed by the manufacturer’s protocols.

Primers and probes selection for genotyping of
FMDV

Oligoprimers and probes for universal (Callahan 3D)
gene for common FMDV were designed according to
(Callahan et al., 2002) for detection of all seven
serotypes of FMDV and the most variable capsid protein
includes a major immunogenic site of the virus (VP1)
gene serotypes A, Iran O, Asia and SAT2 (Ferris et al.,
2009) have been used to genotype the topotypes of
FMDV by one step real time RT-gPCR were listed in
Table (2).

Quantitative Real time (RT- qPCR)

One step real time RT-gPCR was performed for the
diagnosis of FMDV topotypes. Thermal profile at 55°C for
5min as RT-PCR, enzyme inactivation at 95°C for 10min
followed by 45 cycling at 95°C for 15sec for denaturation
and at 60°C for min for annealing /extension step where
data collection by fluorescence was measured (Table, 3).
Positive and negative controls were including for each
serotype in micro Amp optical 96-well reaction plate

(Applied Biosystem). Positive sample was subsequently
amplified by conventional RT-PCR.

Reverse Transcription-Polymerase Chain Reaction
(RT-PCR) Assays

Oligonucleotide two pairs of primers of FMDV SAT2 were
designed according to Ried et al, (2000) was
illustrated in Table (4). Complementary DNA (cDNA) was
prepared from the extracted viral RNA. A one-step RT-
PCR assay was performed using QIAGEN® One Step
RT-PCR Kit in Biometra T1 Thermocycler according to
the instruction of the manufacturer. Reverse
transcription (RT) were performed at 50°C for 30min, Taq
inactivation at 95°C for 15min for one cycle, followed by
35 cycling including denaturation at 95°C for 60sec,
annealing at 50°C for 60sec and extension at 72°C for
2min and then final extension at 72°C for 2min.
Negative controls (PCR-grade H,O without template) was
incorporated with each set of test samples and
subjected to PCR assays to avoid the number of false-
positives resulting using a safety cabinet. The
PCR products were analyzed by electrophoresis on a
1.5% agarose gel stained with 0.5pg/mL ethidium
bromide and observation under short-
wavelength UV light. The positive result is indicative at
716bp.
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FMDV Primer design

Sequence (5°-3)

Genome location

Gene Position
SAT? SAT-1D209F CCACATACTACTTTTGTGACCTGGA VP1 209-234
SAT-2B208R ACAGCGGCCATGCACGACAG 2B 208-227

F: Forward. R: Reverse.

Table 5. Biochemical and oxidative status associated with FMD virus disease. T-test Values are expressed as mean
and mean of standard error, values with different superscriptions (a and b) in rows differ significantly (P<0.05)

Groups Infected Group Control Group Normal Range
(n=100) (n=10) (Reference)
Parameters
ASTu/l 20.70+ 0.9644° 6.615 + 1.473°% 6.9-35
ALTu/lI 163.0 + 10.30° 104.0+ 2.12° 60 - 125
ALP u /I 122.9+ 17.90° 5857+ 1.53% 18 - 153
Albuming/ L 2.13+ 0.235° 2.72 + 0.801° 25-3.8
Total protein mg /L 3.382 +0.352° 5.450+ 0.3350.7 6.7- 75
Camg/dl 7.571% 0.3244° 10.23+ 0.1877° 8 - 11
Ironug/dl 59.29+ 0.5055° 89.30 +19.36% 57 - 162
Ph mg/ dl 9.110 +0.308° 7.946 +0.3365% 56-8
NO nmol /L 35.3+ 0.10° 23.82+ 7.63° 18 - 21
MDA nmol / ml 9.450 + 0.864° 4.194 +0.941° 1.23-2.14

Biochemical Examination

Biochemical changes were determined in positive RT-
PCR blood samples and compared by apparently healthy
buffaloes (10 in No.) was used as control group.
Colorimetric determination, aspartate amino transferase
(AST), alanine amino transferase (ALT) and alkaline
phosphatase by using kits provided  from
(Diamond Diagnostics, Egypt). Serum albumin and total
protein (Gamma Trade Company, Egypt). Calcium (Ca),
iron (Fe) and inorganic phosphorus (Ph) (Bio-
Diagnostic, Giza, Egypt). The concentrations of oxidant
makers NO (Montgomery and Dymock, 1961) and
MDA (Satoh, 1987) were measured and normal
range in buffaloes' serum sample was used as
reference, Table (5).

Statistical analysis

Data were computed and statistically analyzed using
student "t" test and Chi, Square Analyses (Snedecor and
Cochran, 1980).

RESULTS

Infected buffaloes with FMD virus disease showed clear
clinical signs including vesicles and erosion in tongue,
ruby salivation, ulcers in hoof and ulcers in buccal cavity
(Figure, 1). The most observed clinical signs were fever,

ulcer on muzzle and vesicles on foot
and 70% showed more than one clinical
signs (Table, 1).

Detection of FMDV wusing real time RT-gPCR

targeting to universal (Callahan 3D) gene and VP1 gene
serotypes (O, A, Asia and SAT2) were positive to
primer and probe for both common (3D) FMDV and
serotype SAT2, but failed to amplify other serotype VP1
specific primers. The real- time RT- gPCR cycle
showed an increase in the fluorescence signal is
detected initially as threshold cycle (C;) which is
proportional to the amount of the specific PCR
product. The positive control gave C; value at 12
and the positive samples gave Cr values at 12, 22, 24,
26, 27, 30 and 32, while the negative control

gave no curve (Figure, 2). Thus, testing the
positive samples by SAT2 conventional RT-PCR
yielded positive results and amplified expected

size at 716bp (Figure, 3). Neither negative control
nor the negative reactions showed bands. No non-
specific band or laboratory contaminations were
detected.

Biochemical profile and oxidative status
associated with positive RT-PCR FMDV in diseased
buffaloes compared with apparently healthy control
group were calorimetrically determined (Table, 5).
Level of AST, ALT, ALP, Ph, NO and MDA were
significant  (P<0.05) increased, while level of
albumin, total protein, Ca and Fe were
significant (P<0.05) decreased in serum of infected
animals.
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A
B
Clinical signs of foot and mouth disease in buffaloes
a-vesicales and errosion in tongue
b-| Ruby salivation
c-Ulcers in hoofs
d-Ulcers in buccal cavity
Figure 1. Clinical signs associated with FMD virus disease in buffaloes.
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Figure 2. Amplification of the conserved region, for FMDV and topotype SAT2
using Real time RT- qPCR (Applied Biosystems). Linear regression analysis of
cycle threshold (Ct) values of amplification curves representing positive samples
examined for the detection of FMD virus with Ct values at 12, 22, 24, 26, 27, 30
and 32, while negative one gave no curve. The positive control gave Cr value at 12.
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Figure 3. RT-PCR amplification of the 716bp products of RNA extracted from
blood, tongue epithelial and vesicular fluid samples of buffalo for detection of
FMDV- SAT2. M: 100bp molecular weight markers. Lane (1): Negative control.
Lane (2): Positive control. Lanes (3 to 7): Positive samples.

DISCUSSION

FMDV is highly contagious due to the ability of the
causative agent to gain entry and initiate infection via a
variety of sites, the small infective dose, the short
incubation period, and the release of FMDV before the
onset of clinical signs. In addition, the massive quantities
of virus excreted from infected animals, its ability to
spread large distances due to airborne dispersal and the
survivability of the virus in the environment contribute to
its contagiousness (Sanson et al., 2011).

The current study was carried out during April 2014 as
100 buffaloes aged 3-5years showed characteristic signs
of FMD infection and 10 apparently healthy buffaloes
used as control group. The clinical examination revealed
that animals suffered from high fever, depression,
dullness, anorexia, ruby threads salivation, panting,
lameness, and vesicular eruptions on buccal mucosa and
inter digital space in addition to appearance of vesicles
on mucous membranes of the mouth including tongue,
dental pad, gum, lips and teats and drop in milk yield.
Similar clinical observations were recorded in cloven foot
animals in Egypt (EI-Ashmawy et al., 2013, Zaher and
Ahmed, 2008 and Mousa and Galal, 2013) and African
countries, East Africa (Sutmoller et al., 2003), Uganda
(Ayebazibwe et al., 2010), Tanzania (Magoma et al,
2000, Catley et al.,, 2004) and Ethiopia (Rufael et al.,
2008).

The fever attributed to replication of the FMD virus in
central nervous system of affected animals leading to
disturbance in heat regulatory centrals (Bhattacharya et
al., 2005). The emaciation and loss of condition may be
attributed to the loss of body weight resulting from
difficulty in eating and walking to food (Meyer and
Knudsen, 2001). The affected buffaloes showed also

congested mucosa that could be attributed to the pyrexia
as the rectal temperature reached 41.6C in affected
animals (Radostits et al., 2007).

Seven serotypes of FMDV are known; serotypes O
and A are widely distributed, and the Southern African
Territories (SAT) serotypes (1, 2, and 3) usually are
restricted to Africa. Serotype Asia 1 has never circulated
within Africa; serotype C has not been identified
anywhere since 2005 (Sangula et al.,, 2011). Recently
FMDV serotypes SAT 1 and SAT 2 viruses were
successfully isolated from clinically normal African buffalo
(Syncerus caffer) in Kenya (Wekesa et al., 2015).

The present work showed that the real-time RT- gPCR
was conducted for primary diagnosis of FMD virus and
their serotypes on field samples for topotype of FMDV.
Positive samples showing curve of high cycle threshold
values in serotype SAT2 and negative samples for FMDV
serotypes A, O, and Asial gave no curve. Our results are
in harmony with (Abd El Wahed et al., 2013). The results
of real time RT- qPCR assays indicated that the serotype
responsible for the endemic is SAT2 and confirmed by
716 bp amplified product using RT-PCR. This result
agreement with the newly introduced SAT-2 serotype,
which has been emerged during February to April 2012 in
Upper Egypt (Salem et al,, 2012) Delta Governorates
(Ahmed et al., 2012 and Valdazo Gonzales et al., 2012),
Gharbia (Elhaig and Elsheery 2014) and Alexandria (El-
Shehawy et al., 2014). Moreover, the failure in detection
of serotypes A and O not prevent their implications in
field cases (Salem et al., 2012). On the other hand our
findings are supported by (Kandeil et al., 2013) who
reported that serotypes O and A were under control by
vaccination in Egypt.

Regarding enzymatic and biochemical parameters in
FMDYV diseased buffaloes, showed significant (P value <
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0.05) decrease in total protein, albumin and calcium level.
A result came in parallel with that mentioned by (Gokce
et al., 2004, Mohapatra et al., 2005 and Krupakaran et
al., 2009).

Hypoprotenemia and hypoalbumin could be a result
from sever anorexia and off food due to oral lesions as
mentioned by (Kaneko et al., 1997). Protein requirement
and protein catabolism increase in the presence of
infection or any lesion in body as recorded by (Meyer and
Harvey, 1998). Hypocalcaemia could be attributed to
sever anorexia and hypoproteinemia in affected cattle
resulting in decrease protein bounded calcium as
recorded by (Gokce et al., 2004).

The affected buffaloes declared significant increases
(P <0.05) in the Ph level similar to that reported by
(Mohapatra et al., 2005). Hyperphosphatemia may be
attributed to the increased salivation with the resultant
dehydration and decreased renal blood flow (Gruenberg
et al., 2005). Moreover, the increased Ph level could also
be response to hypocalcaemia because of the interaction
between the Ca and Ph homeostasis in ruminants
(Breves and Schroder, 1999). Therefore, the
hyperphosphataemia could be response to the change in
relative proportions of ionized Ca and Ph in blood
(Thilsing et al., 2007).

The level of Fe was significantly reduced in diseased
group when compared to control. This could be attributed
to anorexia (Kaneko et al., 1997). The significant
(P<0.05) increase of enzymes such as ALT, AST and
ALP suggest that FMDV may be associated with damage
to the liver, muscles or other organ (Ghanem and Abdel-
Hamid, 2010). However, Gokce et al., (2004) reported no
significant changes in ALT, AST and ALP in cattle
affected with acute FMD infection.MDA and NO are
significantly increase (P <0.05) and considered the most
bio- product of lipid peroxidation and markers of oxidative
stress. These results agree with (Lee et al.,, 2004).
Therefore, the significant increase in MDA level in
diseased group suggested that FMDV might induce
oxidant injury (Gokce et al., 2004). ROS and nitrogen
metabolites play a complex role in many infectious
diseases; such metabolites influence the growth of
viruses by inhibiting replication of virus (Sen and Packer,
1996 and Wischral et al., 2001). Oxidative stress resulted
from the faster production of reactive forms of oxygen
than its safely scavenging by the antioxidant mechanism
and it has negative effect on animal health and
productivity as well as it has been implicated as major
initiator of tissue damage (Bernabucchi et al., 2002 and
Ahmed et al., 2005). Macrophages, neutrophils and other
phagocytic calls considered as the potent cells of immune
response against viral and microbial infections. Those
cells generated large amount of ROS and RNS that
considered as the main cause of lipid peroxidation lipid
peroxidation is used as an indicator of oxidative stress in
tissues. Significant high level of NO production suggests
that FMDV induce production of NO. This result agreed

with over production of ROS leading to occurrence of
oxidative stress, oxidative stress has been implicated as
major indicator of tissue damage. Moreover FMDV is
associated with disturbed oxidative status and sub
functional ovarian activity in buffalo-cows (Zaher and
Ahmed, 2008). The negative correlation between albumin
level MDA and NO may be due to its antioxidant
properties of albumin (Castillo et al., 2005). This
antioxidant function of albumin is attributed to multiple
legend radical trapping properties of it (Oettl and Stauber,
2007 and Mousa and Galal, 2013).

CONCLUSION

Our study provides evidence of the circulation of SAT2-
type FMD virus among buffalo populations. The most
diagnostic methods in FMDV outbreak are clinical signs
supplemented by PCR to determine strain. Strong
oxidative stress associated to FMDV, so antioxidant and
immune stimulants drugs recommended during treatment
of viral disease.

REFERENCES

Abd El Wahed A, El-Deeb A, El-Tholoth M, Abd EIl Kader H, Ahmed A,
Hassan S, Hoffmann B, Haas B, Shalaby MA, Hufert FT, Weidmann
M (2013). A Portable Reverse Transcription Recombinase
Polymerase Amplification Assay for Rapid Detection of Foot-and-
Mouth Disease Virus. PLoS ONE 8(8): e71642.

Ahmed HA, Salem SA, Habashi AR, Arafa AA, Aggour MG, Salem GH,
Gaber AS, Selem O, Abdelkader SH, Knowles NJ, Madi M,
Valdazo-Gonzdlez B, Wadsworth J, Hutchings GH, Mioulet V,
Hammond JM, King DP (2012). Emergence of foot-and-mouth
disease virus SAT 2 in Egypt during 2012. Transboundary Emerging
Diseases, 59 (6): 476-81.

Ahmed WA, Nabil GM, El-khadrawy HH, Hanafi EM, Abdel-Moez SI
(2005). Monitoring progesterone level and markers of oxidative
stress in blood of buffalo- cows with impaired fertility. Proceeding of
the Second International Conference of Veterinary Research
Division. National Research Centre, Cairo, Egypt, pp: 1-12.

Ayebazibwe C, Mwiine FN, Tjornehoj K, Balinda SN, Muwanika VB,
Ademun Okurut AR, et al., (Provide names of other authors)
(2010). The role of African buffalos (Syncerus caffer) in the
maintenance of foot-and-mouth disease in Uganda. BMC Vet Res.,
6:54.

Bernabucchi U, Rondi B, Lacetera N, Nardone A (2002). Markers of
oxidative stress in plasma and erythrocytes of transition dairy cows.
Journal of Dairy Science, 95: 2173-2179.

Bhattacharya S, Banerjee R, Ghosh R, Chattopadhayay AP, Chatterjee
A (2005). Studies of the outbreaks of foot and mouth disease in
West Bengal, India, between 1985 and 2002. Revue Scientifique et
Technique/Office International des Epizooties, 24 (3): 945-952.

Biswal JK, Jena S, Mohapatra JK, Bisht P, Pattnaik B (2014). Detection
antibodies specific for food and mouth disease virus infection using
indirect ELISA based on recombinant nonstructural protein 2B.
Archives of Virology, 159:1641-50.

Breves G, Schroder B (1999). Calcium metabolism in ruminants-
physiological aspects and effect of anion rich diets. Proc. Nutr.
Physiol. 8: 27-35.

Callahan JD, Brown F, Csorio FA, Sur JH, Kramer E, Long GW, Lubroth
J, Ellis SJ, Shoulars KS, Gaffney KL, Rock DL, Nelson WM (2002).
Use of a portable real-time reverse transcriptase-polymerase chain
reaction assay for rapid detection of foot-and-mouth disease virus.
J. Am. Vet. Med. Assoc., 220 (11):1636—1642.



Castillo C, Hernandez J, Bravo A (2005). Oxidative status during late
pregnancy and early lactation in dairy cows. Vet. J., 169: 286-292.
Catley A, Chibunda RT, Ranga E, Makungu S, Magayane FT, Magoma
G, Madege MJ, Vosloo W (2004). Participatory diagnosis of a heat-
intolerance syndrome in cattle in Tanzania and association with
foot-and-mouth disease. Preventive Veterinary Medicine, 65: 17-30.

El-Ashmawy WR, Mousa SA, Ibrahim EE, Korany RMS (2013). Clinical
study on Egyptian cattle Affected with Recent Isolated of Foot and
mouth disease Virus SAT2/2012. Int. J. Livestock Res. 4(2): 52-63.

Elhaig MM, Elsheery MN (2014). Molecular investigation of foot-and-
mouth disease virus in domestic bovine from Gharbia, Egypt. Trop.
Anim. Health Prod. 46(8):1455-1462.

El-Shehawy LI, Abu-Elnaga HlI, Rizk SA, El-Kreem ASA, Mohamed AA,
Fawzy HG (2014). Molecular differentiation and phylogenetic
analysis of the Egyptian foot-and-mouth disease virus SAT2.
Archives of virology, 159: 437—443.

FAO (2012). Foot-and-mouth disease caused by serotype SAT2 in
Egypt and Libya: A Regional concern for animal health in North
Africa and the Middle East. EMPRES WATCH 25.

Ferris NP, Nordengrahn A, Hutchings G, Reid S, King D, Ebert K, Paton
D, Kristersson T, Brocchi E, Grazioli S, Merza M (2009).
Development and laboratory validation of a lateral flow device for
the detection of foot-and-mouth disease virus in clinical samples.
Journal of Virol. Methods, 155: 10-17.

Ghanem MM, Abdel-Hamid OM (2010). Clinical, haematological and
biochemical alterations in heat intolerance (panting) syndrome in
Egyptian cattle following natural foot-and-mouth disease (FMD)
Trop Anim Health Prod 42:1167—1173.

Gokce G, Gokce HM, Erdagon HM, Gunes V, Citil M (2004). Alternation
in some haematological and biochemical parameters in cattle
suffering from Foot and Mouse Disease. Turkish J. Vet. Animal Sci.
28:723-727.

Gruenberg W, Constable P, Schoder U, Staufenbiel R, Morin D, Rohn
M (2005). Phosphorus homeostaits in dairy cows with abomsal
displacement or abomasal volvulus. Journal of Veterinary internal
Medicine, 19 (6): 894-894.

Halliwell B, Gutteridge JM, Cross CE (1992). Free radicals antioxidants
and human disease: where are we now? J. Lab. Clin. Med.,,
119:598-620.

Heidarpour M, Mohri M, Borji H, Moghdass E (2013). Oxidant and
antioxidant status in cattle with liver cystic echinococcosis. Vet.
Parasitol., 195: 131-135.

Kandeil A, EI-Shesheny R, Kayali G, Moatasim Y, Bagato O, Ali MA
(2013). Characterization of the recent outbreak of foot-and mouth
disease virus serotype SAT2 in Egypt. Archives of virology, 158:
619-627.

Kandemir FM, Issi M, Benzer F, Gul Y, Basbug O, Ozdemir N (2011).
Plasma nitric oxide concentration and erythrocyte arginase activities
in lambs with contagious ecthyma. Rev. Med. Vet., 162 (6): 275-
278.

Kaneko JJ, Harvey JW, Bruss ML (1997). Clinical Biochemistry of
Domestic Animals, 5th ed. Academic Press, California, USA. pp
661-668.

Knowles NJ, Davies PR (2000). Identification of foot-and-mouth disease
virus serotype O strains using lineage-specific reverse transcription-
polymerase chain reaction amplification assays. http: //www.
europic.org.uk/ Europic2000/ Posters/Knowles and Davies.

Knowles NJ, Samuel AR (2003). Molecular epidemiology of foot-and-
mouth disease virus. Virus Research, 91: 65-80.

Knowles NJ, Wadsworth J, Reid SM, Swabey KG, El-Kholy AA, EI-
Rahman AOA, Soliman HM, Ebert K, Ferris NP, Hutchings GH,
Statham RJ, King DP, Paton DJ (2007). Foot-and-mouth disease
virus serotypes A in Egypt. Emerging Infectious Diseases, 13:1593—
1596.

Krupakaran RP, Porcheziyan T, Sivseeian S (2009). Biochemical and
haematological profile of foot and mouth disease affected crossbred
cows in Karur district of Tami Nadu. Veterinary Practitioner, 10 (1):
37-38.

Lee JY, Lee SH, Kim HH, Ha JM, Lee SH, Ha BJ (2004). The
preventive inhibition of chondroition sulfate against the CC14-
induced oxidative stress of subellular level. Archives of Pharmacal
Research, 27 (3), 340-345.

Radwan et al. 419

Lubroth J (2002). Foot and mouth disease a review for the practitioner.
Vet. Clin. N. Am.: Food Anim. Pract. 18: 475-499.

Magoma G, Samuel S, Kondela A, Madege M, Makungu S (2000). A
preliminary clinical investigation of a condition known as luzwiga in
the Lake Zone of Tanzania. In: Annual Scientific Conference of the
Tanzania. Veterinary Association, Arusha.

Meyer DJ, Harvey JW (1998). Veterinary Laboratory Medicine:
Interpreting and Diagnosis. Saunders, Philadelphia, USA.

Meyer RF, Knudsen RC (2001). Foot and Mouth Diseases review of the
virus and the symptoms. Journal of Environmental Health, 64(4), 21-
23.

Mezencio JMS, Babacock GD, Kramer E, Brown F (1999). Evidence for
the persistence of Foot and mouth disease virus in pigs. Vet. J.,
157:213-217.

Mohapatra APK, Kundu AK, Bisoi PC, Prusty BM (2005).
Haematological and biochemical changes in crossbred cattle
affected with food and mouth diseases. Indian Veterinary journal, 82
(2):141-144.

Moniwa M, Clavijo A, Li M, Collignon B, Kitching PR (2007).
Performance of a foot-and-mouth disease virus reverse
transcription-polymerase chain reaction with amplification controls
between three real-time instruments. J. Vet. Diagn. Invest. 19: 9-20.

Montgomery HAC, Dymock JF (1961). Determination of nitric oxide.
Analysts, 86: 4-14.

Mousa SA, Galal MKH (2013). Altration in clinical hemobiochemical and
oxidative stress parameter in Egyptian cattle infected with Foot and
mouth disease J. Anim. Sci. Adv. 3 (9): 485-491.

Oettl K, Stauber RE (2007). Physiological and pathological changes in
the redox state of human serum albumin critically influence its
binding properties. Br. J. pharmacol. 151: 580-590.

Radostits OM, Gay CC, Hinchcliff KW, Constable PD (2007). Veterinary
Medicine: A textbook of diseases of cattle, horses, sheep, pigs, and
goats.10"™ Ed., Elsevier Health sciences, Philadelphia, PA USA, pp.
1498—-15086.

Reid SM, Ferris NP, Hutchings GH, Samuel AR, Knowles NJ (2000).
Primary diagnosis of foot-and-mouth disease by reverse
transcription polymerase chain reaction. Journal of Virological
Methods, 89: 167-176.

Rockett KA, Awburn MM, Rockett EJ, Cowden WB, Cla. 1A (2007).
Possible role of nitric oxide in malaria immune suppression. Parasit.
Immunol.16 (5): 243-249.

Rufael T, Catley A, Bogale A, Sahle M, Shiferaw Y (2008). Foot and
mouth disease in the Borana pastoral system, southern Ethiopia
and implications for livelihoods and international trade. Tropical
Animal Health and Production, 40: 29-38.

Salem SH, Arafa A, Abohatab E, Saad A, Ahmed HA (2012).
Genotyping of Foot and Mouth Disease Virus (FMD) in Egypt during
2011-2012. 1st Conf. of An. Health Res. Inst. Assoc. pp. 411 —419.

Samuel AR, Knowles NJ (2001). Foot-and-mouth disease type O
viruses exhibit genetically and geographically distinct evolutionary
lineages (topotypes). Journal of General Virology 82: 609-621.

Sangula AK, Siegismund HR, Belsham GJ, Balinda SN, Masembe C,
Muwanika VB (2011). Low diversity of foot-and-mouth disease
serotype C virus in Kenya: evidence for probable vaccine strain re-
introductions in the field. Epidemiol. Infect. 139:189-96.

Sanson RL, Gloster J, Burgin L (2011). Reanalysis of the start of the UK
1967 to 1968 foot-and-mouth disease epidemic to calculate airborne
transmission probabilities. Vet. Rec. 169: 336.

Satoh K (1987). Lipid peroxide (Malondialdehyde) colorometric
methods. Clinical Chimical Acta, 90: 37.

Sen CK, Packer L (1996). Antioxidant and redox regulation of gene
transcription. The Federal American Society Experimental Biol. J.
10:709-720.

Snedecor GW, Cochran WG (1980). Statistical Methods. 8th Ed. lowa
State University Press, Ames, lowa, USA.

Sutmoller P, Barteling SS, Olascoaga RC, Sumption KJ (2003). Control
and eradication of foot and mouth disease. Virus Research, 91:101-
144.

Thilsing T, Larsen T, Jorgensen RJ, Houe H (2007). The Effect of
dietary calcium and phosphorus supplementation in zeolite A
treated dry cows on per parturient calcium and phosphorus
homeostasis. J. Vet. Med. A, 54: 82-91.



420 Merit Res. J. Med. Med. Sci.

Valdazo-Gonzalez B, Knowles NJ, Hammond J, King DP (2012).
Genome sequences of SAT 2 foot-and-mouth disease viruses from
Egypt and Palestinian Autonomous Territories (Gaza Strip). J. Virol.
86: 8901-8902.

Wekesa SN, Sangula AK, Belsham GJ, Tjornehoj K, Muwanika VB,
Gakuya F, Mijele D, Siegismund HR (2015). Characterisation of
recent foot-and-mouth disease viruses from African buffalo
(Syncerus caffer) and cattle in Kenya is consistent with independent
virus populations. BMC Veterinary Research, 11:17.

Wischral AR, Nishiyama-Naruke R, Curi and Barnabe C (2001). Plasma
concentrations of estradiol 17a and PGF2a metabolite and placental
fatty acid composition and antioxidant enzyme activity in cows
without retained fetal membranes. Prostaglandins and other Lipids
Mediators, 65:117-124.

Yang PC, Chu RM, Chung WB, Sung HT (1999). Epidemiological
characteristic and financial costs of the 1997 foot-and-mouth
disease epidemic in Taiwan. Vet. Rec., 145: 731-734.

Zaher KS, Ahmed WM (2008). Impact of Foot and Mouth Disease on
Oxidative Status and Ovarian Activity in Egyptian Buffaloes. World
J. Zool. 3 (1): 01-07.

Zalba G, Fortuno A, Diez J (2006). Oxidative stress and atherosclerosis
in early chronic kidney disease. Nephrol. Dial. Transplant. 21: 2686-
90.



