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ABSTRACT

Background: A total of 30 biopsy samples from cutaneous nodules were obtained from infected
animals at different stages during the course of the Lumpy skin disease (LSD), and (100) Peripheral
blood samples without anticoagulant were drawn from apparently healthy non vaccinated cattle against
LSDV and (100) serum samples were drawn from cattle 4 weeks post vaccination with local attenuated
sheep pox virus vaccine located in Sharkia and Fayoum governorates.

Methods: Lumpy skin disease virus (LSDV) was isolated from skin biopsies collected from clinically
infected cattle. The virus was isolated on MDBK cell line and identified by agar gel precipitation test
(AGPT) and indirect fluorescent antibody technique (IFAT) using specific hyper immune serum
against LSDV. Further identifications were carried out by polymerase chain reaction (PCR) and clinco-
pathological investigation.

Results: The results showed that 11/30 biopsies were positive by AGPT, 19/30 by IFAT and 30/30 by
PCR. While results of sero-diagnosis showed that 45/100 from apparently healthy non vaccinated
cattle and 68/100 from vaccinated cattle were positive by SNT respectively and in general 90/200 of
tested cattle give protective antibody titer, while 23/200 gave non protective titer and 87/200 have no
antibody againest LSDV. The results of clinco-pathological revealed highly significant increase in
ALT, AST, ALP, GGT, urea and uric acid, while the level of total protein, albumin and calcium
showed significant decrease and non-significant reaction in creatinine and non-organic phosphorus in
infected cattle. The results of antioxidant both malondialdehyde (MDA) and catalase enzyme (CAT)
showed significant increase while level of gloutathion (GSH), total antioxidant capacity (TAC) and
gloutathion peroxidas (GPX) showed significant decrease in infected cattle.

Conclusion: Sero-survey, conventional techniques and PCR assay should be applied besides clinco-
pathological for any cases with skin lesions as early as possible to diagnosis and apply adequate
control measures. The results encountered in the present study revealed that cattle infected with LSD
exposed to strong oxidative stress so recommended to use antioxidants in infected animals during
treatment.
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BACKGROUND

Lumpy skin disease is caused by a virus in the genus Capri Poxvirus of the family
poxviridae. It is an acute, sub-acute or in apparent disease in cattle and affects all ages and
breeds. The disease characterized by mild to severe signs including fever, enlarged lymph nodes,
firm rounded nodules in the skin (1-4cm) which may extend to mucous membrane and internal
organs. In severe cases edema, lymphadenitis and death may be occurred Davies, (1991). Lumpy
skin disease (LSD) is an economically important disease of cattle and can produce a chronic
debility in infected cattle comparable to that caused by foot-and-mouth disease (FMD) (Davies
and Otema 1981).

Aedes aegypti mosquitoes were capable of the mechanical transmission of LSDV over a
period of 2—6 days post-infective feeding Chihota et al., (2001). The impacts of global climate
change on insect vectors, established as a route of transmission for LSD suggesting that there
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were real risks of further spread of these diseases into other geographic regions Hunter and
Wallac, (2001).

In Egypt, LSD virus (LSDV) was isolated for the first time from cattle in two disease
outbreaks in 1988. The virus was detected in a pooled sample from the first outbreak in Suez and
was isolated subsequently from the second outbreak Ismalia. The capripox viruses were
identified as LSDV by neutralization with specific antiserum and by their ability to produce
generalized LSD in experimentally inoculated cattle House et al., (1990). In 1988 and 1989 an
outbreak of confirmed LSD occurred among cattle in Egypt Ali et al., (1990). In 1998, an
outbreak of LSD was reported among cattle in El-Menia Governorate in Upper Egypt Abd El-
Rahim et al., (2002). Recurrent LSD outbreaks among cattle were recorded in 2006 in Banisuef,
Behera, Ismalia and New Valley provinces in Egypt OIE, (2006). The first report of LSD outside
Africa was described in Kuwait in 1986, where 642 cases were reported in cattle Ordner and
Lefevre, (1987).

The World Organization for Animal Health (OIE) categorizes LSD as a notifiable disease
because of the substantial economic impact of an outbreak. The disease is more severe in cows in
the peak of lactation and causes a sharp drop in milk yield because of high fever caused by the
viral infection itself and secondary bacterial mastitis. Temporary or permanent infertility may
occur in cows and bulls. Diagnosis of LSDV depends on the characteristic lesion and laboratory
confirmation of the isolated virus. Cultures are examined for the characteristic cytopathic effect,
with the final identification by AGIT and IFAT OIE, (2008).

Pathogenic mechanism of viral disease involves implantation of virus at the site of entry.
Replication at this site, spread to target organs and spread to site of shedding of virus into
environment. Viral disease occurs if the virus replicates in essential cells sufficiently and damage
directly the organs or indirectly functionally as result of host immune response. Significant
changes can be observed in serum biochemical values when damage of cellular organs occur
Muart et al., (2016). Few studies conducted on pathogeneses of LSD in cattle EL. Neweshy,
(2013), additionally; there is limited information in literatures about serum biochemical findings
in cattle infected with LSD virus Muart et al., (2016). Oxidative stress is extremely dangerous
as it does not exhibit any symptoms and is recognizable with great difficulty by means of
laboratory methods. Measurement of oxidative stress allows the assessment of real status of
physiological defense and prevention of the appearance of correlated pathogeneses Piccione et
al., (2009). Serum biochemical parameters can be useful tool for assessing animal health and
help better understanding and pathogeneses of the disease.

The conventional gel-based PCR method described below is a simple, fast and sensitive
method for the detection of capripox virus genome in EDTA blood, biopsy, semen or tissue
culture samples. Recently, quantitative real-time PCR methods have been described that are
reported to be faster and have higher sensitivity Balinsky et al., (2008). Real-time PCR assays
have been widely utilized for early diagnosis of many other animal viral diseases. In this study a
real-time PCR assay was developed and evaluated for detection of LSD in field samples.

The objective is to diagnose lumpy skin disease virus by real time PCR in comparison to
conventional techniques and investigates the effect of LSDV in biochemical and oxidative status
in infected cattle.

MATERIALS AND METHODS

Virus Isolation and Identification:

Samples: 30 biopsy samples from cutaneous nodules were obtained from infected animals at
different stages during the course of the disease, and 100 Peripheral blood samples without
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anticoagulant were drawn from apparently non vaccinated cattle against LSDV and 100 serum
samples were drawn from cattle 4 weeks post vaccination with local attenuated sheep pox virus
vaccine located in Sharkia and Fayoum governorates.

Sample preparation:

10% suspension was prepared from each skin nodules following the method of Burleson et
al., (1997) for virus isolation and identification by agar gel precipitation test (AGPT), IFAT and
PCR. The sera samples were separated by centrifugation for biochemical examination and
examined for the presence of LSDV antibodies by SNT.

Virus Isolation:

0.2 ml from each prepared skin nodules suspension was inoculated for three passages into
MDBK cell line supplied from Tissue culture Unit, department of virology, Animal Health
Research Institute, Dokki, Giza and examined daily for the presence of cytopathic effect
according to the method described by Carn and Kitching, (1995).

Detection and Identification of LSDV antigen:

The AGPT and IFAT were performed for the detection and identification of LSDV. The
techniques were performed according to the method described by OIE, (2010), standard
reference LSDV (Neethling strain) and standard reference LSDV antiserum was obtained from
department of virology, Animal Health Research Institute, Dokki, Giza. It was used for
identification by in AGPT and IFAT.

Serum biochemical analysis:

Estimation of ALT and AST according to Reitman and Frankle, (1957), Alkaline
phosphatase according to Belfied and Goldenberg, (1971), Gamma Glutamyle Transpeptiase
according to Psijin, (1971), Total Protein and Urea according to Henry et al 1974), albumin
according to Dumas et al., (1971), uric acid according to Artiss and Entuistle, (1981), Serum
creatinine according to Hovet, (1985), calcium according to Gundler and Kin, (1972),
inorganic phosphrous according to Goldenberg et al., (1966), iron, copper and zinc according to
Bauer, (1982), Total antioxidant according to Karecevic, (2001), malondi aldehyde according to
Ohkawa et al., (1979), catalase enzyme according to Aebi, (1974), Glutathione according to
Owens and Belcher, (1965) and Glutathione peroxidase according to Paglia and Valentine,
(1967)

Statistical Analysis:
The obtained data were statistically analysed according to SPSS14 (2006)

Detection of LSDV by polymerase chain reaction:

DNA extraction: Molecular identification of LSDV was applied on the 30 collected
nodules according to method described by Gubbels et al., (1999). DNA of tissue samples were
extracted by using Thermo scientific kits (Gene JET Genomic DNA Purification Kit #K0721,
#K0722)

Amplification of DNA:

DNA amplification was done by using GPS kits for genetic detection of LSDV in 25 ul
reaction volume containing 12.5 ul of 2x hotstart qPCR mix, 1 ul of RieAna dtec-qPCR-mix, 5
ul of DNA template and fill up to 25 ul with DNAse and RNAse free water. In the case of
positive control or negative control, only 5 pl of standard template RicAna or DNAse and
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RNAse free water were added to the reaction volume respectively instead of DNA. The
optimized cycle program for real time- PCR was as mentioned in table (1).

Table (1): showing the optimized condition for real time PCR

Temperature Time Step
95°C 5 minutes Activation
95°C | 20-30 seconds Denaturation
45 cycles 60°C | 45-60 seconds Hybridization, extension, data collection

RESULTS

*) (B)
Photo (1): A-Control non infected MDBK cell line. B- Characteristic CPE of LSDV by cell

rounding, cell aggregation, coalesce together to form clusters within 72 hr. post inoculation
(Magnified 400 x)

Photo (2): MDBK cells infected by suspected local LSDV isolates and stained by fluorescence
isothiocynate showed intracytoplasmic yellowish green fluorescent granules (Magnified 400 x)

Table (2): detection of LSDV in samples from skin nodules of infected cattle by AGPT, IFAT
and PCR

Governorates No of samples No /% th;;ltlve by | No /:)/; (1); l[ioTsmve No/ (‘?yo[f ([:)Icismve
Sharkia 13 5/38.5% 8/61.5% 13/100%
Fayoum 17 6/35.3% 11/64.7% 17/100%

Total 30 11/36.7% 19/63.3% 30/100%
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Table (3): detection of LSDV antibodies in cattle sera by SNT

No of SNT titer
+

Governorates Cattle status samples No. of +Ve g 116132 [ ca

. Apparently healthy non vaccinated 58 20 301151
Sharkia .

Vaccinated cattle 42 35 S 111 |15] 4

Favoum Apparently healthy non vaccinated 55 25 81916 2

Y Vaccinated cattle 45 33 79 [13] 4

- Total 200 113 23 40|39 11

g
1
§

Fig. (1): Amplification plot of real time PCR results performed on tissue samples of

infected cattle by using GPS real time PCR Kit specific for genetic detection of LSDV.

Table (4): Alteration in some biochemical and mineral in infected cattle with LSD virus (Means

+ SE)

Significant *P < 0.05 **P <0. 01

Infected Control Parameters
31 & 1.8%** 17.6 £1.8 ALT(UL)
48.2 £ 2. 7*** 31+1.8 AST(UL)
20 + 1. 2%** 232+2 GGT(UL)
03 4 D** 70.6 £3.9 ALP(UL)
6.48 £0.29* 7.9+0.18 T. P (gm /dl)
3.11+£0.11 ** 3.88+0.18 Alb (gm / dl)
33.8 £ 3** 204+ 1.5 Urea (mg /dl)
5.46 + 0.29%* 4+0.2 Uric acid ( mg /dl)
1.1£0.1 0.94+£0.1 Creatinine ( mg /dl)
8.8 £0.25% 9.7 £0.4 Ca (mmol )
5.1+0.18 49+0.18 Ph ( mmol)
***P <(.001
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Table (5): Alteration in some trace element and antioxidants in infected cattle with LSD virus
(means + SE)

Infected Control Parameter
114.8 £ 2 *** 133+£3.2 Iron (pg/dl)
336+1.7%* 404+2.2 Cupper (pg/dl)
34.6+3.7 37.6+2.23 Zinc (ung/dl)
5.24 £0.3 ** 3.12+0.34 MAD n.mol/l
88.6 + 2% 68.2 +£2.39 CAT(®u/1)
13.37 £ 0.8%** 214 +1 GSH (u ml)
0.61 £0.09%** 1.38 £ 0.06 TAC (m mol/l)
5.45 £ (0.43%** 7.97£0.7 GPX (u ml)

Significant *P <0.05 **P<0.01 ***P < 0.001

DISCUSSION

In many areas of the world, especially in Africa and Asia, LSD is a subacute to acute
cattle disease which is characterized by extensive cutaneous lesions and signs typical of
generalized poxvirus diseases. However, the transmission of the disease among cattle is
inefficient and arthropod-vector Coetzer et al., (1994). The importance of this disease increase
gradually as the way of eradication and control is very difficult.

The present study concerned with serosurvey and characteristic trials for isolation of LSDV
from skin nodule samples from infected cattle on tissue culture with further identification by
means of conventional serological tests as AGPT and IFAT in addition to advanced molecular
characterization of virus isolate using PCR as well as serum biochemical changes.

LSDV was isolated from samples collected from naturally infected cattle by inoculation on
MDBK. CPE was characterized by cell rounding, cell aggregation, coalesce together to form
clusters that scattered all over the monolayer within 72 hr. post inoculation and gradually
increased till 70-80 % of sheet was completely detached (Photo 1). These findings agree with
those of Woods, (1988). Isolated LSDV was identified by serological tests (Table 2), 11/30 of
samples give clear precipitation lines by AGPT using reference LSDV antisera and clear
precipitation lines were appeared using reference LSDV antisera the same results were recorded
by Ahmed and Zaher (2007). 19/30 of samples show characteristic specific Intracytoplasmic
yellowish green fluorescent granules by IFAT (Photo 2) as observed by Isolated LSDV was
identified by serological tests Davies, (1991). While results of ser-diagnosis (Table 3) showed
that 45/100 from apparently healthy non vaccinated cattle and 68/100 from vaccinated cattle
were positive by SNT and antibody titer ranged from 8§ to 64. The protective titer were consider
> 16 Cottral, (1978), 90/200 of tested cattle give protective antibody titer, while 23/200 gave
non protective titer and 87/200 have no antibody to LSDV.

Serological methods are useful for confirming retrospectively LSD but are too time
consuming to be used as primary diagnostic methods Davies, (1991). Serological assessment of
antibodies to a capripox virus may sometimes be difficult due to the cross-reactivity encountered
with other poxviruses as well as to the low antibody titers elicited in some animals following
mild infection or vaccination Kitching and Hammond, (1992). Therefore, PCR was the test of
choice for rapid detection and identification of the LSD outbreak causative agent. A total of 30
samples tested by real-time PCR for the presence of LSDV give positive with CT value ranged
from 17 to 36, suggesting higher concentrations of virus (Fig 1).
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The high sensitivity of PCR (100%) in detecting the LSDV DNA in skin nodular samples
correlate with Tuppurainen et al., (2005), Sharawi and Abd El- Rahim, (2011), this may be
attributed to the viral tropism to skin tissues and its persistence in high concentration.
Tuppurainen et al., (2005) and Zeynalova et al., (2016) reported that LSD viremia is relatively
short-lived — blood samples were positive for PCR for 4-11 days post-infection, while virus
could be detected in skin lesions up to 92 days post-infection. A more effective technique is real
time PCR because it is fast, is performed in closed vessel systems, avoids post PCR-processing,
thereby reducing risks from contaminations, and thus is suited ideally for rapid, specific and
highly sensitive diagnosis Zeynalova et al., (2016).

Since sensitive viral DNA-detection technologies can overcome the technical, time-related
problems and costs associated with virus isolation for the diagnosis. The nucleic acid detection
results confirmed our conclusions pertaining to the relatively low virus isolation rates because
PCR testing was able to detect viral nucleic acid in 100% of skin and blood samples collected
from clinically infected cows Awad et al., (2010).

The results of biochemical analysis as regarding in Table (4 and 5), revealed highly
significant increase in ALT, AST, ALP, GGT, urea and uric acid. While the level of total protein,
albumin and calcium showed significant decrease and non-significant reaction in creatinine and
non-organic phosphorus in infected cattle. The increase in level of ALT and AST may be
attributed to liver injuries, Aly et al., (2006), who attributed the marked increase in level of AST
and ALT activity to hepatocellular damage .The increase in AST activity may be also due to
heart muscle and general tissue break down caused by viral infection or secondary bacterial
infection Agag et al., (1992). The increase in level of ALP and GGT due to the injury of cell
lining the biliary ducts of liver. Also this increase may attributed to the biliary disease
intrahepatic cholestasis and infiltrative disease of liver Stockhom and Scott, (2008).

Hypoalbuminemia and Hypoproteinemia could be resulted from severe anorexia, off food
and liver diseased which unable to synthesis protein. Hassan et al., (2011) reported that these
results attributed to decreased synthesis and higher catabolic rate of protein as well as damaged
of liver parenchyma. The partial explanation of albumin changes to deposition of albumin,
potentially derived by subepithelial eosinophilic inflammation, seems to be an early and key
pathogenic factor in skin necrosis development Van Cauwenberge et al., (2005).

Concerning to increase level of urea and uric acid, this increase attributed to the effect of
virus agent in kidney tubules causing renal impairment or reduction of glomerular infiltration
and increase catabolic rate of protein. Neamat-Allha, (2015) explained the increase level of urea
in may be due to increase protein breakdown in hyperthermia.

Hypocalcaemia could be attributed due to animal off food, renal infiltration impairment.
Stockhom and Scott, (2008) reported that hypocalcaemia could be attributed to
hypoproteinemia resulting decrease protein bounded calcium. Regarding to results of trace
element (Table 5) showed significantly decrease in iron, cupper and nonsignificant in zinc in
serum of infected animal with LSDV. These results could be attributed to reduce food intake
during time of infection. Kocyigit et al., 2002 mentioned that LSD virus infection caused
alteration in trace elements and redistribution as a result of factor released from stimulating
phagocytic, while Ahmed, (2007) mentioned that changes in trace element in the serum may be
related to decrease food consumption or to hypoprotienaemia, which hinder its absorption.

Regarding to results of antioxidant (Table 4), both malondialdehyde (MDA) and catalase
enzyme (CAT) showed significant increase while level of gloutathion (GSH), total antioxidant
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capacity (TAC) and gloutathion peroxidas (GPX) showed significant decrease in infected cattle.
Oxidative stress results when reactive forms of oxygen are produced faster than they can be
safely neutralized by antioxidant mechanism Sies, (1991) and / or from decrease in antioxidant
defense, which lead to damage of biological macromolecule and disruption of normal
metabolism Trevison et al., (2001). This condition can contribute and / or lead to the onset of
health disordered in animals. The activation of free radical formation judged by the dynamics
of lipid peroxidation malondialdehyde (MDA) is commonly used as monitor lipid
peroxidation which occur when reactive with poly unsaturated fatty acid and has been
considered as a major mechanism of cell damage Boobis et al., (1989). High significant
increased in MDA suggested that enhanced lipid peroxidation leading to tissue damage
and failure of antioxidant defense mechanisms to prevent formation of free radical
Rantnam et al., (2006). The non-enzymatic antioxidant gloutathione (GSH) is the one of
the most abundant tripeptides present in cell . Its function mainly concerned with the removal
of free radical and maintenance of membrane protein Thiol and as substrates for
glutathione peroxidase. The significant decrease in glutathione has been associated with
enhanced lipid peroxidation . A major product of membrane peroxidation can also react with
GSH to yield inactive thioether derivatives Esterbauer et al., (1991).

Catalase (CAT) is an enzymatic antioxidant widely distributed in all animal tissue
and its highest activity were present in red cells and in liver. CAT decomposes hydrogen
peroxide and protects the tissue from highly reactive hydroxyl radicals. Significant increase in
catalase enzyme in affected animal indicated the higher formation of hydrogen peroxide,
this indicate the body’s response to compete the oxidative stress Kataria et al., (2010).
Total antioxidant capacity (TAC) are a measurement of exogenous and endogenous
antioxidants in large spectrum Karecevic (2001). Significant decrease of TAC in affected
animal attributed to excessive production of free radicals leading to occurrence of oxidative
stress Hanan et al., (2016).

Glutathione peroxidase (GPX) is a member of a family enzyme whose function is to
detoxify peroxidase in the cell. Because peroxidase can decompose to form highly reactive
radical .The GPX enzymes play critical role in protecting the cell from free radical damage,
particularly lipid peroxidation .The significant decrease of GSX in affected cattle indicated its
use in an attempt to reduce oxidative stress Kataria et al., (2010).

CONCLUSION

In conclusion, LSDV antibodies were prevalent throughout the 2 Egyptian governorates and
PCR assay should be applied besides conventional techniques for any cases with skin lesions as
early as possible to diagnosis and apply adequate control measures. The results encountered in
the present study revealed that cattle infected with LSDV exposed to strong oxidative stress so
recommended to use antioxidants in infected animals during treatment.
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