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ABSTRACT

An epidemic of Lumpy skin disease (LSD) affecting 16 provinces (n Egypt was rc-
ported during 2006. Formalin fixed tissues (ncluding biopsies and postmortem tissue
samples were eollected from calves showed (yplcal clinical signs of LSD from a pri-
vate dalry farm tn Damictta provinee, Egypt a pertod from March to May, 2006. For-
maltn fixed parailin embedded tissue samples (FFPET) were assessed using histopa-
thology as the skin lesions were elassificd into either acutc or subacute-chronic. Both
LSD viral DNA dctected by polymerase chain rcactlon (PCR) of extracted DNA and
LSD antigen detected by tmmunohistochemistry (IHC) using a capripaxvirus specifie
monoclonal antibedy were observed tn the acute skin lestons and in some subacute-

chronfc skin lestons.

HNey wards: Lumpy skin disease virus; formalin fixed paraffin embedded tissues; Egyp!

INTRODUCTION

Lumpy skin disease {LSD) is an economi-
cally fmportant infectious and occaslonally {a-
tal disease of cattle (Coetzer et al., 1994; Da-
vies, 1991; Fenner, 1908). LSD wviruses
(LSDV) as well as sheeppox and goatpox vi-
ruses (SGPV) bclong to the genus Capripoxvi-
rus within the subfamily Chordopoxvirinae of
the family Poxviridae (Buller et al., 2005).
Collectively. these viruses caused the most se-
rious poxvirus diseases In production anl-
mals, The disease was characterized by rapid
eruption of multiple circumscribed skin nod-
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ules, and generalized lymphadenitis and (ever
and may result in mastitis and orchitis (Coet-
ger, 2004). Other lesions, visible al post-
mortem Include necrotie
plagues In the membranes., ehiefly of the
uppcr resplratary tract. the oral cavity and
lungs. LSD was first described in northern
Rhodesia in 1920 (MacDonsald, 1831). The
first outbreak in Egypt occurred in 1988 tn
and around Suez and Ismallia (Ali et al.,
1880). The disease reappeared durlng the
summer of 1989 in 22 out of 26 Egyptian gov-
ernorates causing 2% morbldity of the whole

examination,
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cattle population (Davies, 1881). A severe
LSD outbreak again struck foreign and local
cattle populations in 16 provinees ineluding
Damietta, Egypt during 2006 (http//
www.ale.int./eng/norms/mcode/A 00036.
htm). Here we deseribe the detection of LSD
viral DNA and antigen in some FFPET sam-
ples by PCR and by using monoclonal anti-
body as a primary antibody in imported (Hol-
stein) and native breeds of calves following the
natural outbreak {n Egypt.

MATERIALS AND METHODS

In a private dairy farm (outdoor system),
Darmnletta provinee located near to quarantine
(Sanad's farm), a disease clinlcally resembling
LSD was affecting calves from native and im-
ported breeds during March to May 2006.
Skin blopsies eomprising epldcrmis and der-
mis of the nodular skin lesions were eollected
from six -three- manth qld female calves
(numbers=1-6) elinically ill far 2 weeks. The
twa necropsied ealves were 3-4 moanth old
(numbers=7-8) (1 female and )1 male). Sam-
ples from skin nodules, lungs, superficial
lymph nodes, heart, liver and spleen were
fixed in 10% neutral formalin for one week
and submitted for examinatlion. Table (2} dis-
plays a summary of ealf number, age. sex,
breed and the obtained samples.

After recelving the samples, they were pro-
cessed at once then embedded in paraffin wax
until they were assesscd for diagnostic evalu-
ation. All blocks were sectioned and stained
with hematoxylin and eosin (HE) for micro-
scapic examinatlon.

At the ume of IHC application, samples of
all Ussues were sectioned and picked up on
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charged slides. The monoelonal anttbody
FB80G5 was generated using E.coll expressed
capripoxvirus ORF 057, a viral eore proteln,
was used for detection of LSD antigen, The
monoclonal antlbody was titrated at 1: 500,
1:1000 and 1:1500 dilutions tc determine the
appropriate dilutlon. 3% hydrogen peroxide
was used as a blocker. The antigen retrieval
method, dilution, Incubatlon temperature &
duration, secondary antibady and chromogen
were sumnmarized In Table (1). Scctlons were
equnterstained with Mayer's hematoxylin then
dehydrated, cleared and mounted. Slides from
bovine cutaneous paptlloma were used as a
negative control and were stalned with eaeh
set of test slides. The laboratory methods were
carrled out at Department of Veterinary Pa-
thology, Obthiro Unlversity of Agriculture and
Veterinary Medicine, Obihira, Japan.

DNA was extracted from 12 FFPET blocks,
each contained one of the'following samples
skin, subcutfs, lymph node and lungs using
DNA tissue kits {TAKARA Blo Inc Shiga, Ja-
pan) according to the manufacturer’'s Instrue-
tions. 1-3 sections were freshly cut from each
paraffin bloek at 5?m thick then placed di-
rectly into 1.5 ml micro-centrifuge tubes Into
which 0.5 ml (10-12 draps) of Takara DEXPAT
lyais buffer was added. The mlicro-eentrifuge
tubes were incubated at 100°C for 10 minutes
after piercing the cover lid with sterlle new
23 gauge needles and being eovered with alu-
minum folls. Centrifugation was done at
12,000 g for 10 mlinutes at 4°C then lysate
was aspirated from layers just under the par-
affin cap and transferred to new fresh tubes
and immediately stored at -20°C until time
of PCR assay. A denaturation step just prlor
to PCR amplifieation was performed by
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incubating 10 pl of extract at 95°C for 5 min-
utes in a thermal cycler [ollowed by LmmedI-
ate chdling and addition to the PCR solution.

The PCR primers were spccific for the viral
attaechment protein eneoding gene (32) and
had the following sequerces: forward primer
5'-d TTTCCTGATTTTTCITACTAT3' and re-
verse primer 5'-d AAATTATATACGTAAATAAC
3’ (Ireland and Binepal, 1998). The size of the
amplicon was 192 bp (Ireland and Binepal,
1998). A DNA amplificatton was carried out in
a final volume of 50 pl containing: 5 ul of 10x
PCR buffer, 4 y of four dANTP (10nM), 0.4 of
forward prtmer, 0.4 J of reverse primer, 10 pi
ol DNA template alter belng incubated at 85°C
for 5 minutes, 0.2 ul of Tag DNA polymerase
and 30 ul of nuclease free water. The samples
were placed (n a thermal cycler (BIORAD icy-
eler ™): first eycle 95°C for 2 min (nitial dena-
turation step, secand c¢ycle: 95°C for
45seconds, 50 °C for 50 seconds and 1 min-
ute at 72°C. The second cycle was repeated
45 times. Last cyele: 72°C jor 2 minutes (a flI-
nal elongation step to complete the extension
of the primers) (OIE Terrestrial Mannal,
2008). Amplified produets were analyzed us-
Ing a 100 bp DNA ladder {Whitehead Scilentifie
Ltd) as a molecular marker on 1.5% agarose
gels in TBE buffer. Amplicons were visualized
using an UV (rans-lluminator at a wave-
length of 590 nm and positive reaetions were
confirmed according to size.

RESULTS
90/400 of ealves (22.5%) were aflected.
Clinical examination showed fever, decreased
body welght, increased salivation, oval to cir-
cular skin nodules eithcr singular or multiple
covering the body surfaee and varying In size
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from several millimeters to 2-4 cm In diameter
Fig. (1&2). On section the nodules were white
with multiple hemorrhages, Central areas ol
some skin nodules were indurated in 1 case
forming sitfasts. There was edema in lower
limbs with enlarged peripheral lymph nodes
(LN) 3-5 times more than normal size in all
cases with the presence of pin-potnt hemor-
rhages in thelr cut seetlon in some cascs Fig.
(3). Subcutaneous brisket edema was ob-
served Iin one call. Nasal epistaxis was ob-
served in one call due to the presence of few
ulcerated pox lestons in nasal mucosa and (n
some cases respiratory signs were seen. A
high mortality rate of 39% 35/90 was ob-
served in afllected animals. In 2 necropsied
animals, following removal of the skin, con-
gestionn, hemorrhage and necrosls were ob-
served In the subeutaneous tissunes and tho-
racie wall after removal of sklu adjoining
areas of skin nodules. Lungs In one calf
showed the presence of cireular to oval grey
nodules Fig. (4), wirth hydrothorax and areas
of fibrinous adhesions detected In the thoracle
cavity while [n the other animal, ehronic in-
terstittal pneumonia was found. No gress le-
slons were Jound in the other organs.

Histologlcal lestons of skin nodnles were
classifled Into acute, subacute and chronic.
The aeute stage was scen in 1 case (number
7} which showed minimal hydropic degenera-
tion and round to oval eosingphillc Intra-
cytoplasmic inclusion bodies (EICIB) In Keratt-
nocytes and eplthelturn of hair folllclcs Fig.
(5&6). Macrophages with EICIB infiltrating
the dermis and necrote subcutaneous tissues
were observed Fig. (7&8). There was proml-
nent superficial and deep dermatltis charac-
terized by necrosis, mononuclear cell infiltra-
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tion Fig. (9], extensive edema and neutrophilic
peri-vascular reaetion with some hemorrhage,
vasculltis and thrombosls. Scvere and diffuse
infiltration with Inflammatory cclls mainly
neutrophils, were observed In the underlying
muscular tissue. Subacule and chronic stag-
es showed mild to moderate inflammatory re-
action In dermis of 6 skin nodules (numbers
1. 3. 4, 5, 6 & 8) with more severe fibroplasia
and more eosinophils and mast cells. The {n-
flammatory cells aggregated in small pockets
inside the flbrotic areas Fig. [10] while signifi-
cant changes in epidermis and EICIB were
not seen. The center of the indurated nodules
or sitfast was seen In 1 case (number 2) and
was characterized by diffuse caseatlon necro-
sis. Lymph nodes collectively showed lym-
phoid hyperplasia. sinus catarrah, histiocyto-
sis, perivascular flbrosis and edema. Lungs
showed necrotizing pneumonja in 1 animal
(number 7) in which basophilie bacterlal colo-
nies were observed. In thc other animal (num-
ber 8) non suppurative chronic active Intersti-
HHal pneumonia was detccted. Non specific
reactions were seen in spleen, heart and liver
in 2 necropsied animals. The spleen displayed
lymphoid hyperplasia. congestion and hemor-
rhage. In the heart perivascular fibrosls, ede-
ma and degeneration In cardiac muscle fibers,
with mononuclear cell Infiltration besides, the
occasional precsence of sarcocysts Instde car-
dlac muscle fibers were observed. The lver
displayed degencrative lesiona and mononu-
clear cells aggregation.

The optimum dilution of monoclonal anti-
body was 1:500. LSD antigen stained most
clearly with DAB as brown color. In skin nod-
ules, posttive IHC reaetion was deteeted in ep-
Idermis and dermls of 3 samples; 1 sample
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from skin nodule with acute stage and 2 sam-
ples from skin nodule with subacute - ehronic
stages Fig. (11). In acute and subacute to
chroric cases, the distribution of [HC staining
in skin nodules is stmilar as the epidermal
cells and macrophages inflltrating the dcrmis
were the only kind of cells showced the positive
rcaction meanwhile, the intensity of THC
staining is slightly deepcr In skin nodule with
acute stage than those with subaeute-chronic
stages. In subcutls, positive reaction was also
rccorded mainly inside maerophages Fig. [12),
while a weak positive reaction was seen inside
macrophages inflitrating parenchyma of
Iymph nodes (0-3 cells per fleld) Fig. (13). No
staining was observed in lungs, liver. spleen
and heart. Table (2) summarlzcs the IHC re-
sults. Using the autoclaving method for anti-
gen rctrieval in a high pH (9) retricval solution
at 1219C for 10 miInutes was thc most effec-
tve in demonstrating LSD antigen particular-
ly in skin samples.

DNA was extracted from 12 specimens and
was subsequently used in a PCR assay to de-
tect LSD genome. The speciflc primers set am-
plified a DNA fragment of 192 bp cquivalcnt to
the expected amplification product (amplicon)
size from LSD. Six samples were positive for
this PCR assay including 3 blocks from skin
nodules, 1 block from subcutaneous tlssue
and 2 blocks from superflctal lymph nodes.
None of the negative controls produccd any
amplicon Fig. (14). The PCR reaults are sum-
marizcd in Table (2).

DISCUSSION

Several reports have previously described
diagnostic methods for detecting LSD follow-
Ing either expcrimental (Babiuk et al.,, 2008)
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or natural Infection (Al-khaly et al., 2008).
PCR has been previously demonstirated for
LSD penome detection in skin lesions and
blood. However deteetion of LSD by PCR fol-
lowing extraction from FFPET has not been
previously described. Immunohistochemistry
has been developed for detecting LSD antigen
in skin nodules from experimentally infected
Holstetn calves using a monoclonal antibody
generated to a capripoxvirus viral core proteln
(ORF 057) expressed tn Escherichla coli (Ba~
biuk et al., 2008).

This work represents the first deseription
of the possibility of deteetion of LSD viral anti-
gen and DNA In FFPET samples. Effeetive
coniro] of LSD requlres rapid and accurate la-
boratory diagnosis supported by clinical find-
ings (Tuppurainen et al., 20086). In our find-
ings, gross and microscople pathalogy were
similar to those previously described by (Bar-
nard et al., 1994; House et al., 1690). Clinl-
cal signs and gross patholegy of LSD were
found to range from mid with only a few sec-
ondary skin nodules to generalized infectlon
of varying severity. Unknown genetlc [actors
were thought to Influence the disease severlty
(Babiuk et al., 2008). Until the last few
years, the exact pathogenesis of leslons devel-
opment assoelated with LSD has not been as
well understood as the pathogenesis of sheep-
poxvirus prototype member of the capripoxvi-
rus genus (Fenner et al,, 1987). Recently,
Babiuk et al.,, (2008) mentioned that the
pathogenesis and tissue tropism of LSD
showed some similarities to capripoxvirus in-
fections in sheep and gaats eaused by SGPV
(Bowden et al.,, 2008). The similarity Includ-
ed a marked lymphadenopathy in absenee of
high titers in lymphoid tissue. Moreaver, the
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Immunological-pathological process responsi-
ble for lymphadenopathy is likely simllar n
LSD as well as sheeppox and goatpox. Indeed,
the lesions in superficial lymph nodes were
characterisUcally simllar in our findings. Mul-
tiple organ involvement has been observed in
naturally infected cattlc (Woods, 1888). How-
ever, lung lesions werc not seen in calves ex-
perimentally (nfected with LSD (Kitching end
Teylar 1985; Bawden et al., 2008). This ob-
servation may be explained by the presence of
additional stresses on cattle in the fleld may
exacerbate the disease (Babiuk et al., 2008).
In this destination, lungs of one necropsied
anlmal showed non suppurative chronle ac-
tive (nterstitial pneumonia as been described
by (Annandale et al., 2010), whilc lungs of
the other animal showed the presence ol ne-
crotizing lesions corresponding to gross grey
nodules. Grey pink nodules with caseous ne-
crotlic cores were prcviously reported In mus-
cles, subeutis, lungs and other organs of ani-
mals infected with LSD (Oeering et al.,
1995). LSD could be differentiated clinlcally
from pseudo-lumpy skin disease (bovine
herpes mammilitis; herpesvirus 2) by the fact
that the lesions of the second involve only the
epidermls and leave a seab after sloughing
and systemie signs do not develop {Geering et
al., 19956). LSD might be differentiated histo-
logically from urticaria, {nseet and tick bltes,
or insect stings by the absence ol eosinophtils
and the presenee of a deep vaseulitls and
from herpesvirus, cutaneous lymphosarcoma,
streptothrichosis and tuberculosis by the
presence EICIB in keratinoeytes and germinal
cells of affeeted hair follicles and sebaceous
glands in early lestons (House et al., 1900).
However, It is impossible to diagnose LSD
histaloglcally in eases of absence of severe
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inflamnmatory and necrotic changes and EICIB
as In the subacute and chronte stages of thc
disease. Brenner, et al., (2008) reported that
the presence of tntra-cytoplasmic Inclusion
bodies in LSD was oceaslonal and they were
found tn many cell types only In early lesions
(Prozesky and Barnard, 1082, Yager and
Scott 1885). In addiilon, however, vasculitls
and thrombosis, leading to ¢cdema and necro-
sis were central to the pathogenesis of the le-
sions In LSD (Prozesky and Barnard 1982),
these findings were observed only In 1 skin
nodule sample. The variation in histological
findings of LSD among infected cattle has
bcen also described by (Tuppurainen et al.,
20065).

Immunohlstochemistry using monoclonal
antibody to a virlon core protein with antigen
retrieval In a high pH (9) retrieval solutlon at
1219C has been previously reporied by {Ba-
biuk et al., 2008) and it appeared effective In
demonstrating LSD antigen particularly in
skin samples. LSD antigen was detected In
some samples (from forelgn breeds} inside cy-
toplasm of epidermal cells, interstitial macro-
phages infiltrating dermts, subcutaneous tis-
sue and parenchyma of lymph nodes.

PCR Is the test of cholce for rapid deteetion
and identification of LSD as the causative
agent In a LSD outbreak (Al-kboaly et al.,
2008). PCR successfully detected LSD In 6/
12 FFPET samples (from foreign breeds) as
been showed In (Table 2} after belng subjectcd
to a denaturation step just prior to PCR am-
plification. Bonin et el.,, (2003) mentloned
that it was possible to amplify longer sequenc-
es ranging up to 300 bases from postmortem
tissues, with no modification to the usual
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DNA extraetion proeedures through a pre-
PCR resioration treatment by filling single
strand breaks, followed by a vigorous dena-
turation step. However, our samples were
mostly biopsies or obtalned shortly after ne-
cropsy no amplification oecurred without the
addition of a denaturation step. This may be
due to the use of un-buflered formalin or from
the long time preservation of samples in par-
affin blocks untll timc of PCR application (4
years, from 2006 until 2010). Although many
sourccs for virus detectlon were reported sich
as blood, semen and milk, skin biopstes are
likely the best choice to sample since they
contain greater numbers of viral particles fa-
cilitating easier detcction by PCR (Tuppurai-
nen et al.,, 2005; Babfuk et al., 2008). The
PCR used in this work showed high specificity
as a unique band of the expected stze (7192
bp) was obtained for 3/8 DNA samples de-
rived from skin nodules, In'2/2 lymph nodes
and in 1 subcutaneous tissue sample. In this
study, ft 1s not fully undcrstood why LSD an-
tigen and DNA were expressed in some sam-
plcs but net (n all by IHC and PCR rcspective-
ly. The possible explanations for this might be
different breeds or different stages at which
skin nodules were collected. Tuppurainen et
al., {2006) found a variable persistence of the
PCR posltive result in skin biopsiles from ex-
perimentally infected bulls as LSD viral DNA
was demonstrated in skin biopsies of four
bulls until days 92 85, 25 and 18 post Infec-
tion (p.1). To the best of our knowledge. there
were no previous reports describing deteetion
of LSD virfon by PCR after being extracted
from FFPET.

Finally, we could canclude the following:
* LSD in this destination varied from mild
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with few secondary skin nodules to gener-
alized infection of varylng severtty, and was
characterized by morbidity with mortality
mainly among calves.

PCR and THC can be used lor diagnosls of
LSD in FFPET samples on condition that
there are several samples from acute, sub-
cute to chrornic stages of the disease.

The results obtained by IHC were compati-
ble with those of PCR.

It ts recommended to add a denaturation
step before PCR application especially if
the used formalin is not or tmproperly buf-
fcred, also to use autoclaving antigen re-
tricval method (1212C /10 min] for IHC.
The applied monoclonal antfbody found to
be able to detect LSDV antigen in sotne
skin nodules from animals with acute and
subacute to chronic forms of the disease.
LSD caused the most serious leslons In for-
eign breeds as it |s depicted to become en-

71

of calves may have a role on the variation
of histological lestons, expression of LSD
antigen and DNA by IHC and PCR respec-
tively among samples. Amills et al., {1998)
thought that the genetic resistance as de-
termined by major histocompatiblility com-
plexes found on cell surfaces of indtviduals
Is responsible for different animal respons-
€s to infection with LSDV. The genetic vari-
atlon in LSD viruses ts not been thought to
have a role on the fore-mentloncd since the
virus has a very limtted genetic variation
(Kara et al., 2003).

The detection of viral antigen and DNA in
samples from lymph nodes indicated that
lymph nodes could be taken as samples
with skin nodutes for diagnosis of LSD dur-
Ing systemic infection.

Acknowledgements :
We thank Carissa Embury-Hyatt from the

demic in Egyptian native breed.
* The difference in breed and immune status

National Centre for Forefgn Animal Disease
for critical evaluatton of the manuscript.

Mansours, Vet. Med. J. Val. X1I, No. 2, 2010



Walas Awadin; et al...

Table 1. Antigen retrieval method, dilution, incubation temperature & duration, secondary antibody and chromogen.

Mia =minues; (emp = tempemure

Actinase E was from FUNAKOSHI corp.

Pronase was (rom ImmunoBioScience Carp.

Antigen retrieval Dilution | Incubation Temperature & Sccondary Chromogen
duration antibody

Actinase E 0.1% 37°¢/10 min Envision+anti- ImmPACT™

i mouse HRP* | DAB

Pronase Ready ta " Room temp/Smia (1.SAB+System-AP+ Fuchsin

use chromagen)t

Target retrieval 1:10 121°c /10 min Envision+anti- ImmPACT™

| solution (pH 9)® mouse HRP DAB

» s from DAKC (Carpinend,CA) DAB was from Budingame, CA USA. twas from DAKO (Carpimeria,CA) ® was [rom DAKO Denmark A/S

Table 2: Comparison between the results of PCR and IHC

—~—

72

Assessmeat
Case No. | Sex | Age Breed ol bistological lesions T Samples obtained PCR THC
1 Q 3m | Holstcin Subacule-chronic Skin biapsies - : _{
2 Q 3m | Holstein Sitfast Skin biopgies ) ND - {
3 { Q Im Native Subacute-chronic Skin biopsies - -
4 ) Im | Native Subacute-chroric Skin biopsies ~ [
5 ? Im ( Holstein Subacute-chroric Skin nodules | o
6 @ Im Native Subacute-chronic Skin nodules - '
' ¥ +
Skin nodules * N
Subcutis + +
7 Q Im Holstein Acute Lungs ND i}
Lymph nodes N
Heart D )
Liver
N G
Skin nodules N N J
Lungs . ;_ J
. . Lymph nodes *
8 8 4m | MHolstein Subacute-chronic Heart ND -]
Spleea :8 '
| Liver )
Gemele, Amale, m manth, + potitive - negalive ND not done
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Fig. (1): Semintal calf showing the characteristic skin lesions of LSD spreading in head and neck.

Fig. (2): Native breed calf displaying characteristic skin lestons of LSD on the skin covering the head. neck
and hind limbs.

Mg. (3): Calf showing swollen prefemoral lymph node,

Fg. (4): Gross pathology of calf lung showing the presence of nearly circular grey-red areas on pleural sur-
face of the lung associated with skin nodules.

Fig. (6): H&E of calf skin nodule from acute stage with the presence of eosinophilic intracytoplasmic inciu-
sion bodies in epidermal cells with mild hydropic degeneration {white arrows).

g (8): H&E of calf skin nodule from acute atage with the peesence of eosinophillic intracytoplasmic Inclu-
glon bodies in epithelium of hair follicle (black arrows).

Fig. (7): H&E of calf subcutaneons tissue showing the presence of eosinophilic intracytoplasmic inclusion
bodies inside macrophages inflitrating subcutia (asrows).

Fig (8): H&E of calf skin nodule [rom acute slage wilth the presence of eosinophilic intracytoplasmic Inclu-
sion bodies in macrophages inflltrating dermils (arrow).

g (8): H&E of calf skin nadule from acute stage with severe inflammatory and necrotic changes with ede-
ma in dermis.
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Fig. (10): H&E of calf skin nodule from subacute to chronic stage with the inflammatory cells aggregated in
small pockets inside the fibrotic areas (asterisk).

ig. (11): {(HC cquntersiained with Mayer's hemataxylin of calf skin nodule with subacute-chronlc stage
showing a poaltive reaction tn epidermal cells and tnside macrophages inflitrating the dermis

fg. (12): THC counterstaincd with Mayer's hematoxylln of call subeutaneous tissue displaying a strong posi-
tive reaction inside macrophages Inflltrating the subcutis.

Fig (13); JHC eounterstained with Mayer's hemataxylin of calf lymph node dtsplaying a weak posftive reac-
tion instde macrophages in the parenchyma of lymph node (arrows).

Fig (14): Agarose gel electrophoresais of PCR amplified gene encoding P32 of Lumpy skin disease virus. Bands
at 192 bp showing that the virus 1s LSDV. Lane M DNA marker, lane 1 was subcutis, 2-8 were skin
sample, 9-10 were lymph node samples, 11-12 were lung samples and Lane 13 was negative con-
trol.

Mansoursa, Vet, Med. J. Vol. XXI, No. 2, 2010




Walaa Awadin; et al...

REFERENCES

All, A. A.; M. Esmat; H. Attia; A. Selim
and Y. M,, Abdel-Hamiud (1990) : Clinical
and pathological studies on lumpy sktn dis-
ease in Egypt. Vet. Record. 127, 545-550.

Al-kboly, A. A; H. M. T,, Soliman and K.
A., Abdelrahmen (2008) : Polymcrasc chain
reaction for rapid d{agnosis of a recent lumpy
skin disease virus ineursion to Egypt. Arab J.
Blotech. 11(2), 293-302,

Annandale, C. H.; P. C., Irans; V. P., Ba-
gla; U. I, Osuagwuh and E. H,, Venter
(2010) : Sites of Persistenee of Lumpy Skin
disease virus in the genital traet of experimen-
tally infeeted bulls. Reprod. Dom. Anim. 45
(2), PP: 189 - 375.

Babiuk, S.; T. R., Bowden; G., Parkyn;
B.. Dalman; L., Manning; J., Neufeld; C.,
Embury-Hyatt; J., Copps and D. B., Boyle
(2008) : Quantification of Lumpy Skin Dis-
ease Virus Following Experimental Infection
in Cattle. Transboundary and Emerging Dis-
eases. 55, 299-307.

Barnard, B. J.: E., Munz; K., Dumbell
and L., Prozeaky (1994) : Lumpy skin dis-
ease, In: Coetzer, J. A, W,, G. R. Thomson,
and R. C. Tustin {eds), Infeclious diseases of
livestock with speclal reference to Southern
Afrtea, 604-612. Oxford University Press,
Cape Towrl.

Bomin, 8.5 F., Petreza; B., Niccolini and
Q., Stanta (20038) : PCR analysis in archival
postmortem tissues. J. Cln. Pathol. Mol
Pathol. 56, 184-186.

Bowden, T, R.; 8. L., Babiuk; G. R., Par-
kyn; J. 8., Copps and D. B., Boyle (2008):

Capripoxvirus Ussue tropism and shedding: a
quantttattve study in expertmentally infected
shcep and goats. Virclogy. 371, 380-393.

Mansours, Vet. Med. J.

75

Brenner, J.: M., Haimovitz; E., Oron; Y.,
8tram; O., Fridgut; V., Bumbarov; L., Kuz-
netyova: Z., Oved: A., Waserman; S., Qaraz-
o; 8., Per]; D., Lahav; N., Edery and H., Ya-
din (2008) : Lumpy skin disease (LSD) In a
large dalry herd in Israel. June 2006. Isr. J
Vet. Med. 61, 73-77.

Buller, R. M.; B. M., Arif; D. N,, Black;
K. R. Dumbell; J. J. Esposito; E. J. Lefko-
witz; G. McFadden: B. Moas; A. A. Mercer;
R. W, Mayer; M. A. Skinner and D. N, Trip-
athy (2008) ; Family Poxviridae. In: Fauquet,
C. M., Mayo M. A., ManiloflT J., Desselberger
U., and Ball L. A, (eds), Virus Taxonomy:
Classification and Nomenclature of Viruses.
Eighth Report of the International Committee
on Taxonomy of Viruses, 117-33. Elsevier Ac-
ademie Press, San Diego.

Coeteer, J. A. W. (2004) : Lumpy skin dis.
ease. In: Coetzer J. A. W. and Tustn R. C.,
eds. Infectious Disecases of Livestoek. 1268-
1276. Oxford Unlverstty Press, Cape Town

Coctzer, J. A. W.; Q. R., Thomsan and R,
C., Tustin (1994) : Poxviridae, In Coetzer
JAW. Thomson G.R., Tustin R.C. [Ed.), In-
fecious diseases of livestock Oxtord Universi-
ty Press. Cape Town, South Africa.l, 601-603.

Davies, F. G. (I1981) : Lumpy skin dis-
ease, an African capripox virus diseasc of cal-
te. Br. Vet. J. 147: 483-503.

Fenner F. (1998) : Poxviruses. In B. N.
Ficlds, D. M. Knipe, and P. M. Howley (Ed.},
Fields Virology. Lipplncott-Raven, Philadel-
phia, 2673-2702,

Fenner, F.; P. A, Bachmann; E, P. J.,
Gibbs; F. A., Murphy; M. J.,, Studdert and
D. O., White (1887) : Poxvirtdae. Vetertnary
Virology. New York, London, Sydney, Tokyo.
Toronto: Academ.e Press, 387-405.

Geering, W. A; A. J., Forman and M. J,,

Val. XII, No. 2, 2010



Walga Awadin; et al...

Nunn, (1B85) : Exotle Diseases of Animals: A
Fleld Gulde for Australlan Veterinarians, Bu-
reau of Rcsource Scienees, Australlan Govern-
ment Publishing Serviee, Canberra.

House, J. A, T. M., Wilson; 8., El-
Nakashly; 1. A., Karim; 1., Iamail; N., El-
Danaf; A. M. Moussa; N. N. Ayoub, (1800) :
The Isolation of lumpy skin disease virus and
bovine herpesvirus- [rom cattle in Egypt. J.
Vet. Diagn. Invest. 2, 111-115.

Ireland, D, C.; Y. S., Binepal (1898) : Im-
proved detectlon of capripoxvirus in bicpsy
samples by PCR. J. Virological Methods. 74,
1-7,

Kara, P. D.; C. L., Afonso; D. B., Wal-
lace; Q. F., Kutish; C. L., Abolnik; Z., Lu; F.
T., Vreede; L. C. F., Taljaard; A., Zsak; Q.
J., Vilijoen and D. L., Rock {2003) : Com-
parative sequence arnalyais of the South Africa
vaccinte strain and two virulent field isolates
of Lumpy skin disease virus. Archives of Virol-
ogy. 148(7). 1335-1356.

Kitching, R. P. and W. P., Taylor (1885) :
Clinleal and antigenie relationship between
isolates of sheep and goat pox viruses. Trop.
Anim. Health Prod. 17, 64-74.

MacDonald, R. A. B, (1831) : Pseudo-
urticarla of cattlc. Department of Animal

Mansoura, Vet Med. J.

76

Health, Government of Northern Rhodesla,
Annual Report 1930, 20-21. Cited by Welss
K.E.1968.

OIE B. : Terrestial animal health code,
computcr database, (http//www.ofe.(nt./eng/
norms/mcode /A 00036.htm).

OIE, (2008) : Manual of Diagnostic Tests
and Vaceines for Terrestrlal Anlmals, Offtee
International des Epizooties, Paris, France:
World Organlzaiion Jor Anjmal Healih.

Prozeaky, L. and B. J. H., Barnard
(1882) : A study of the pathology of lumpy
skin disease in cattle. Ondcrstepoort J, Vet,
Res. 49, 167-175.

Tuppurainen, 8. M. (2006) : Determina-
tlon of Lumpy skin disease virus in samples
from experimentally infected cattle using dif-
[erent diagnostlc methods. A master thesls
subrnilted for Department of veterinary tropl-
cal diseases, Facully of Veterinary Medicine,
University of Pretoria.

Waoda J. A. (1888) : Lumpy skin disease:
a review. Trop. Anim. Health Prod. 20, 11-17.

Yager, J. A. and D. W., Scott (1886) : The
skin and appendages. In: Pathology of domes-
fic animals, ed. Jubb KVF, Kennedy FC,
Palmer N, 3rd ed.. vol. 1, 407-549. Academnlc
Press, New York, NY.

Val. XI, No. 2, 2010



Walas Awadin; et al... 77

Ll yamy 8 giall bl QUall g pd Slimeil 3 g s
oy ill i 2 yind| J g

R PP PEW L PP PR NPT RU PR WER VIS WET IR U NSNS P P

M VRSP [ LTI I) O3] S A VPN —
ARV Y YU P N PO N o VPN § POTN VPP P

RS Gul ol WS e A LIS pamd) L] gl

(W PITCAVICINSCJEREID, TR IV I8 IR DL WUVPOEPVR JEREVARIDS S0 § ENETRT SISV ] 1
ERPAA TP PETSPRPNERTE p It 151 NV SV W [P0 OV P Y PO [ O CWR VP8 [ PP T |
A lly Bl Loy ot s i ke pan ol dezel & Lloas il 0¥ il Loy Lol U1y LY
Gy (7YY, 0) idpae ollo) o d1 ia colo (Judesl) 5 o) Jrobiy g tacaS i 42 o (T pnd ]y sead)) gyl A0
by s iyl all il w250 () Ll sl oSS my eas i JK o il L] Gy (74 Sy
of Lotd) atal) o all p il i s inrtd 1l it} Ak i) s (s it s LS kY n il
reldl Lparr Gl 0-F Jotae L p Ul 2y Lol 2l o 3 305 o)) L i ol amy dngey a5 s U5
o Lol oy M Gmden Lo U1 al, 3 3hLs 3 gy il e gbly oo pall sl 1 b oy o
ol bl sz Lo W, 53 Yol i a5 ) G iy ¢ s Jins g Sy g0l paid) i sl )f
ey 3ls J] Dt A UL ¢ 5y oLVl oy 3 mmes Cannd o 1Ll ial) Ly gl el GRS (2 i )
NIV YR PeS WPRTFUEIET LI T WSS DSOSy U jees I VoS YRV 1 (R ERP IV A Pt YRRV
by bl W bl ) Tl il 2 pead! sy as b o lly Taas Stble 0 llaall LW e 6
R PR SN, [ RCTTUPIF PYIGE DISJ00 | PIVOR { U5yt 1 JYONE S PR Y1 Y O ST [ JUW /[ PYFE SIS SR peIv |
O P ER PSP VS S R JURR W WS JU B P31 13 v A1 WPICNIN USRI, | P LIS LTSRN B

S rmsaS yrad st a U Loty Tyl el GG 51,0 ey 05 ol o) Bl ULy I G
ROUSF SSTYRP BPYJOU1 SO0 Y P ISPUR S DR Y ROR 413 PSP RN | BT IR RS TP I PV

bis g Jaattl Uil iy 38 1 2ol Szl ) el s L o 5, bl sl i > Loy ey
I ISUFRHENA PR T GIRY QI B PR YPRP TSNNEPRC NEL, | PUSIITE NP5 F IR S IS P R EPRR VERSS FRP NPEPRIP SO I
Llall st 0las e Lol g imcsS s ia) | <2 OGNSyl

Mansoure, Vet Med, J, Val, X1, No. 2, 2010



