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Abstract: The study was carried out to investigate the effect of multi-nutrient antioxidants (zinc, Vitamin E and
Selenium) administration on the clinical signs and immunological alterations in sheep infected with Foot-and-
mouth disease (FMD) during the outbreak of 2012 in Egypt. To conduct this work, twenty sheep showing
typical symptoms of FMD infection raised in a  private  farm  at  Beni-Suef Governorate  were selected; they
were not previously vaccinated against FMD virus. Animals were divided into four equal groups treated with
different therapeutic protocols and the study was run for eight weeks, group A was treated with symptomatic
treatment against clinical signs of FMD; while group B was treated orally with multi-nutrient antioxidants [zinc
methionine (Zn-Met) and Vitamin E with Selenium enriched yeast], group C was treated with the symptomatic
treatment and multi-nutrient antioxidants together and group D was left without treatment and kept as control
group. Sera were collected for detection of FMD infection and evaluation of antibody titers using 3ABC indirect
ELISA while virus shedding was detected for eight weeks in different groups in oral epithelial swabs using
reverse transcription polymerase chainreaction (RT-PCR). Results revealed differences in term of healing of
lesions between the four groups and the clinical signs were quite prompt among sheep in group C which
received zinc, Vitamin E and Selenium with the symptomatic treatment of the FMD than other three groups, so
its use as an antioxidants supplementation could be used to enhance the reduction and treatment of clinical
signs of FMD infection in sheep, although it had no effect on humeral immunity nor viral shedding. 
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INTRODUCTION may vary with the breed of animal and strain of virus [3],

Foot-and-mouth disease (FMD) is the most virus (FMDV) by harboring acute infection without
contagious  disease  of  mammals causing severe manifesting substantial clinical signs of disease, all of the
economic  loss  in  susceptible cloven-hoofed animals most recent outbreaks of FMD within and around the
(OIE, 2009) [1]. The natural route of infection is via the European Union member states have involved sheep [4-7]
upper  respiratory tract and the initial virus replication and in North Africa, a definite predilection for sheep has
usually  occurs  in  the  pharyngeal  epithelium resulting been reported [8]. Sheep have generally been neglected
in viremia, primary vesicles and fever. Viremia occurs with regard to their epidemiological role in the spread of
within 1-2 days resulting in virus excretion from the FMD [9]. The FMD outbreaks in Egypt were officially
respiratory  tract,  feces,  urine,  saliva,  milk  and  semen. reported by the OIE on March 2012, the affected species
The  virus  enters  the  blood  then  disseminates to include cattle, buffalo and sheep, where young buffaloes
various predilection  sites  such  as  mouse,  nose, appeared to be the category of animals more severely
hooves  and  also  sometimes  udder  and  teats. affected [10]. Livestock census data in Egypt estimate 7.5
Secondary   vesicles  occur  and  from  which  further million heads of small ruminants are at risk according to
virus are released [2]. The susceptibility of sheep to FMD FAO [11]. 

sheep  may play  an  important  role in spreading of FMD
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Certain nutrients such as vitamin E (Vit E), selenium lesions were detected in one foot, score of 2 was assigned
(Se) and zinc (Zn) are common antioxidants normally if two feet had vesicular lesions, score of 3 was assigned
included in animal's diet. These elements improve different if three feet had vesicular lesions, etc. an additional score
functions of the immune system and exhibit important of 1 was assigned if lesions were found in the mouth. For
protective role during bacterial and viral infections as well evaluation of zinc, Vitamin E and Selenium effects, clinical
as parasitic infestations [12]. As a result, dietary signs were scored for each animal every two days until
antioxidants modulate the host susceptibility or resistance complete clinical cure of lesions are obvious.
to infectious pathogens [13, 14]. Combinations of
antioxidants may be more effective than any single one Experiment Groups and Treatment Protocols: Sheep
[15, 16]. Interestingly, high concentrations of such showing typical clinical symptoms of FMD with score "3"
nutrients in the diet above the predicted requirements will were chosen for conducting this work. They were divided
prevent protein and lipid oxidation and improve immune into 4 equal groups (n=5) and undertaken different
functions in ruminants [17]. There is evidence that therapeutic protocols for 8 weeks. Group A treated with
nutritionally induced-oxidative stress status of the host antipyretic and analgesic medicine (Vetalgin-Intervet) and
can have a profound influence on virus, so that a normally a broad-spectrum, long-acting antibiotic (Terramycin/LA-
avirulent virus becomes virulent   because   of   changes Pfizer) and neither protective dressing nor
in the viral genome [18]. immunemedulator was applied. Group B was supplied with

The current  study  was  carried out  to   investigate multi- nutrient antioxidants only which is Zinc methionine
the effect of oral supplementation of zinc, Vitamin E and (Zn-Met/10 Zinc chelated with methionine hydroxy
Selenium with or without the symptomatic treatment on analogue – IBEX International) and Vit E with Se enriched
the clinical signs and antibody titer in sheep infected with yeast (E 60.000, Sanovet, Austria – Composition: Vit E
FMD, besides reverse transcription-PCR (RT-PCR) was 60g, Se yeast 12g, L-lysine 0.08g and carrier: dextrose up
performed for confirmation of infection with FMDV and to to 1 kg). Both supplements were administered orally at
detect its shedding in oral epithelium throughout the level of 5 g/head/day. Group C was treated with multi-
experimental time. nutrient antioxidants, antipyretic and analgesic medicine

MATERIALS AND METHOD antibiotic as previously used at both groups A and B.

Humane Care and Use of Animals: All animals were
housed and operated in accordance with applicable local Detection of Nonstructural Protein 3ABC by ELISA:
laws, regulations, policies and guidelines of National Blood samples from each animal were collected every 4
Research Center (Giza-Egypt). weeks for two months (Sixty serum samples) and stored at

Animals and Clinical Signs Scoring: This work was were used to monitor antibody against nonstructural
conducted during the FMD outbreak recorded between polyprotein (NSP) 3ABC of FMD antigen using ELISA
March to May 2012 on twenty local breed (Osseimi) sheep (IDEXX FMD 3ABC Ab Test Kit), it was performed in
not vaccinated against FMD, they were raised in a accordance to the manufacturers’ instructions. According
private farm (541 heads) at Beni- Suef Governorate-Egypt. to the ELISA test kit manual, samples with percentage
Some animals in the flock showed typical clinical signs of values >30% were considered positive, <20% as negative
FMD infection (pyrexia, lameness and/or oral lesions) the and samples between 20% and 30% were considered
morbidity rate was approximately about 20% (n=108) and suspicious.
no mortality was recorded during the experiment duration
(8 weeks). Detection of FMD Virus by Reverse Transcription PCR

Sheep were monitored daily for typical clinical (RT-PCR): Collection and transportation of specimens
symptoms of throughout the experimental period, they were applied according to Kitching and Donaldson [22].
were also examined clinically for abnormal findings, pulse Oral epithelium swabs were collected weekly from
and respiratory rates as previously described [19]. clinically infected sheep of the four groups for detection

Clinical score of 1 to 5 was assigned to describe the of FMDV. Oral swabs were maintained in transport
severity of the disease according to Eva Perez-Martin medium containing equal volumes of glycerol and
[20]; score of 1 was assigned when one or more vesicular phosphate-buffered   saline  (pH   7.2-7.6) containing  2%

(Vetalgin-Intervet) and broad-spectrum, long-acting

Group D was kept without treatment as a control group. 

-80°C according to Edwards et al. [21]. Serum samples
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Table 1: Oligonucleotide primers used for RT-PCR 

Primer name Primer sequence (5' to 3') Region Expectedsize (bp)

1F GCC TGG TCT TTC CAG GTC T 5' UTR 328

1R CCA GTC CCC TTC TCA GAT C 5' UTR

antibiotic-antimycotic (BioWhittaker, Walkersville, MD). Foot lesions along the coronary band and inter digital
Viral RNA was extracted from 140 µL of each collected space was obvious for 2-3 weeks. Healing of lesions and
samples using a QIAamp Viral RNA Extraction Kit completely disappearance of clinical signs was quiet
(QIAGEN, Germany) according to the manufacturers' prompt and fast among sheep of group C than group A by
protocol. The extracted RNA was subjected to RT-PCR three to five days. Clinical signs in some animals of
using universal primers 1F/1R (Table 1) (10 pM for each) control group D lasted four to six days more than groups
[23]. RT-PCR was performed using a "Thermo Scientific A and C, an overall improvement of the general health
Verso 1-Step RT-PCR Reddy Mix Kit" with an initial 30- conditions and performance of sheep treated with
min incubation at 50 ºC; followed by 95 ºC for 15 min; 35 antioxidants at group C were obvious. Comparing of mean
cycles at 94 ºC for 30 s, 55 ºC for 30 s and 72 ºC for 90 s; values of the clinical signs of the four groups is illustrated
and a final 10-min incubation at 72 ºC. These validated in "Figure 1".
1F/1R primers generated a 328-bp product regardless of
serotype. Detection of Nonstructural Protein 3ABC by ELISA:

The PCR results were then analyzed by gel Results showed positive antibody titer against (NSP)
electrophoresis according to the methods described by 3ABC of FMD antigen in all infected animals at the start
Ireland and Binepal [24]. of the experiment which confirm the FMD infection and

RESULTS The mean antibody titers at the appearance of clinical

Clinical Signs: Clinical symptoms started with high fever treatment, results revealed high antibody titers with an
(42-43ºC) which persisted for 3-4 days, lameness, anorexia, average ELISA percent of (80.1-101.1%) and then it
loss of general health condition and infected animals slightly declined after two months with an average
usually separate itself from the rest of the flock. About percent of (70.1-88.7%). Comparing of antibody titers in
20% (n=21) of infected sheep showed vesicles and/or the four groups showed no noticeable difference in titers
ulcers  on   the  dental  pad  and  dorsum  of  the  tongue. percentage between groups as illustrated in Figure 2.

negative vaccination of sheep with any FMD vaccines.

signs were ranging from (6.6-12.4 %). After one month of

Fig. 1: Clinical signs mean scores of all groups
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Fig. 2: Percentage of Antibody titer against FMD NSP-3ABC ELISA

Photo 1: Detection of FMDV genome by RT-PCR using fast among sheep of Groups: B and C which received
universal primers: Lane 1: negative specimen, antioxidants alone "B" or with symptomatic treatment "C".
lane 4: 100 bp DNA ladder, lanes 2, 3, 5 and 6: There was obvious clinical improvement of the general
positive FMDV isolates (~328 bp) health condition and performance of the affected animals

Reverse Transcription PCR (RT-PCR) for Detection of clinical findings were in concurrence with those
FMDV: RT-PCR was run on the swabs collected from previously stated [18, 29].
clinically infected animals for 8 weeks using the universal Sheep are highly susceptible to virus infection via
primers of FMDV. The amplification products showed aerosol and can excrete airborne virus; it may play an
positive results identified at the expected position of 328 important role in spreading of FMD virus by harboring
bp as presented in (Photo 1). acute infection without manifesting substantial clinical

DISCUSSION clinical signs of FMD infection were obvious with lesions'

Antioxidants play an important role in animals as only high fever (42-43ºC) without developing any mouth
modulators of the immune system and protectors against or foot lesions. Between 1964 and 2005, only serotype "O"
oxidative damages and are important for the proper was reported in Egypt, with the exception of 1972 when
function of body enzymes [25]. The dietary and tissue type "A" was introduced from Sub-Saharan Africa. In
balance of antioxidant nutrients is important in protecting 2006, a novel type "A" strain entered Egypt and rapidly
tissues against free radical damage. The antioxidant spread throughout the ruminant population, causing
function could, at least in part, enhance immunity by severe  losses  [31].  However,  serotype  O  has  been the

maintaining the structural and functional integrity of the
important immune cells. A compromised immune system
will result in reduced animal production efficiency through
increased susceptibility to diseases, thereby leading to
increased animal morbidity and mortality [26]. Certain
nutrients such as vitamin E, Se and Zn are common
antioxidants  normally  included in animal diet that
improve different immune functions exhibiting an
important protective role in infections caused by bacteria,
viruses or parasites [12, 27, 28]. In the present study, the
difference in the site, type, healing of lesion and
progression of disease was observed between different
treated groups, healing of lesions was quiet prompt and

observed after supplementation with antioxidants, these

signs of disease [30]. In our work, relevant significant

score of 1-3 and morbidity rate of 20%, some animals had
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predominant type where type A has been controlled by  that reduces  severity  and/or  improves  recovery  from
vaccination [32]. During 2012, there has been a dramatic a disease process. Besides, other  studies  on  lambs
upsurge in FMD SAT-2 outbreaks in Egypt. Cattle, water experimentally  challenged with Parainfluenza virus and
buffalo and small ruminants were affected with severe supplemented with dietary Vit E and Se, proved
clinical signs particularly in young animals with a enhancement of both humoral and cellular immunity
mortality rate of up to 50%, approximately 40,000 cattle especially serum IgM concentrations tended to be higher
and water buffaloes were affected and more than 4,600 for Se-supplemented lambs [13]. On the basis of the
animals were killed; only FMDV-SAT-2 was detected, with present results, it can be concluded that organic multi
an overall detection rate of 80.3 % [33, 34]. nutrient-antioxidants (Zn- Met. and Vit E with Se enriched

The clinical disease varies with the species, breed of yeast) have potential for improvement of the general
the animal affected and serotype and strain  of  FMDV health condition, performance and healing of lesions with
[35] and different strains of FMDV might affect different no obvious effect on humeral immune response nor virus
species and might have different transmission shedding of sheep infected with FMDV.
characteristics [36], the severity of clinical signs which
hadn't been recorded before in Egypt may be due to ACKNOWLEDGMENT
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