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ABSTRACT

An epidemic of Lumpy skin disease (LSD} affecting 16 provinces in Egypt was re-
ported during 2006, Formalin fixed lissues including biopsies and postmortem tissue
samples were collected from calves showed typical clinical signs of LSD from a pri-
vate dalry farm in Damietta province, Egypt a period from March to May, 2006. For-
malin fixed paraffin embedded tissue samples (FFPET] were assessed using histopa-
thology as the skin lesions were classified Into elther acute or subacute-chronic. Both
LSD viral DNA detected by polymerase chain reaction (PCR} of extracted DNA and
LSD antigen detected by immunohistochemistry (IHC) using a capripoxvirus specific
monocional antibody were observed In the acute skin lesions and in some subacute-

chronic skin lesions.

Hey wards: Lumpy skin disease virus,; formalin fixed paraffin embedded tissues; Egypt

INTRODUCTION

Lumpy skin disease (LSD) is an economi-
cally important infectious and occasionally fa-
tal disease of cattle (Coetzer et al., 1994; Da-
vies, 1991; Fenner, 1998). LSD viruses
(LSDV) as well as sheeppox and goatpox vi-
ruses (SGPV) belong 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 ani-
mals. The disease was characterized by rapid
eruption of multiple circumscribed skin nod-
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ules, and generalized lymphadenitis and fever
and may result in mastitis and orchitis (Coet-
zer, 2004)., Other lesions, visible at post-
mortem  exXamination, include necrotic
plaques in the membranes, chiefly of the
upper respiratory tract, the oral cavity and
lungs. L8D was first described in northern
Rhodesia in 1929 (MacDonald, 1981). The
first outbreak in Egypt occurred in 1988 in
and around Suez and Ismailia (Al et al.,
1980). The disease reappeared during the
summer of 1989 in 22 out of 26 Egyptian gov-
ernorates causing 2% meorbidity of the whole
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cattle population (Davies, 1891). A secvere
LSD outbreak again struck foreign and local
cattle populations in 16 provinces including
Damietta, Egypt during 2006 (http//
www.ole.int, /eng/norms/mcode/A 00036.
htm}. Here we describe 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-
steiln) and native breeds of calves following the
natural outbreak in Egypt.

MATERIALS AND METHODS

In a private dairy farm (outdoor system),
Damletta province located near to quarantine
(Sanad’s farm), a disease clinically resembling
LSD was affecting calves from native and im-
ported breeds during March to May 2006.
Skin biopsies comprising epidermis and der-
mis of the nodular skin lesions were collected
from six -three- month old female calves
(numbers=1-6} clinically ill for 2 weeks. The
two necropsied calves were 3-4 month 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 examination, Table (2) dis-
plays a summary of calf number, age, sex,
breed and the obtained samples.

After receiving the samples, they were pro-
cessed at once then embedded in paraffin wax
until they were assessed for diagnostic evalu-
ation. All blocks were sectioned and stained
with hematoxylin and eosin (HE} for micro-
scopic examination.

At the time of IHC application, samples of
all tissues were sectioned and picked up on
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charged slides. The monoclonal antibody
F80GbH was generated using E.coli expressed
capripoxvirus ORF 057, a viral core protein,
was used for detection of LSD antigen. The
monoclonal antibody was titrated at 1: 500,
1:1000 and 1:1500 dilutions to determine the
appropriate dilution. 3% hydrogen peroxide
was used as a blocker. The antigen retrieval
method, dilution, incubation temperature &
duration, secondary antibody and chromogen
were summarized in Table (1). Sections were
counterstained with Mayer’'s hematoxylin then
dehydrated, cleared and mounted. Slides from
bovine cutaneous papilloma were used as a
negative control and were stained with each
sct of test slides. The laboratory methods were
carried out at Department of Veterinary Pa-
thology, Obihiro University of Agriculture and
Veterinary Medicine, Obthiro, Japan.

DNA was extracted from 12 FFPET blocks,
each contained one of the following samples
skin, subcutis, lymph node and lungs using
DNA tissue kits (TAKARA Bio Inc Shiga, Ja-
pan) according to the manufacturer’s instruc-
tions. 1-3 sections were freshly cut from each
paraffin block at 53?m thick then placed di-
rectly into 1.5 ml micro-centrifuge tubes into
which 0.5 ml (10-12 drops) of Takara DEXPAT
lysis buffer was added. The micro-centrifuge
tubes were Incubated at 100°C for 10 minutes
after piercing the cover lid with sterile new
23 gauge needles and being covered with alu-
minum foils. Centrifugation was done at
12,000 g for 10 minutes at 4°C then lysate
was asplrated 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 prior
to PCR amplification was performed by
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incubating 10 ul of extract at 95°C for 5 min-
utes In a thermal cycler followed by immedi-
ate chilling and addition to the PCR solution.

The PCR primers were specific for the viral
attachment protein encoding gene (32) and
had the following sequences: forward primer
5-d TTTCCTGATTTTTCTTACTAT3' 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 amplification was carried out in
a final volume of 50 pl containing: 5 pl of 10x
PCR buffer, 4 pl of four dNTP (10nM), 0.4pul of
forward primer, 0.4 ul of reverse primer, 10 ul
of DNA template after being incubated at 95°C
for 5 minutes, 0.2 pl of Taq DNA polymerase
and 30 pl of nuclease free water. The samples
were placed in a thermal cycler (BIORAD icy-
cler ™}: first cycle 95°C for 2 min initial dena-
turation step, second cycle: 95°C for
45seconds, 50 °C for 50 seconds and 1 min-
ute at 72°C. The second cycle was repeated
45 times. Last cycle: 72°C for 2 minutes (a fi-
nal elongation step to complete the extension
of the primers) (OIE Terrestrial Manual,
2008). Amplified products were analyzed us-
ing a 100 bp DNA ladder {(Whitehead Scientific
Ltd) as a molecular marker on 1.5% agarose
gels in TBE buffer. Amplicons were visualized
using an UV trans-illuminator at a wave-
length of 590 nm and positive reactions were
confirmed according to size.

RESULTS
90/400 of calves (22.5%) were affected.
Clinical examination showed fever, decreased
body weight, increased salivation, oval to cir-
cular skin nodules either singular or multiple
covering the body surface 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 of
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-peint hemor-
rhages in their cut section in some cases Fig.
{3). Subcutaneous brisket edema was ob-
served in one calf. Nasal epistaxis was ob-
served in one calf due to the presence of few
ulcerated pox lesions in nasal mucosa and in
some cases resplratory signs were seen. A
high mortality rate of 39% 35/90 was ob-
served In affected animals. In 2 necropsied
animals, following removal of the skin, con-
gestion, hemorrhage and necrosis were ob-
served in the subcutaneous tissues and tho-
racic wall after removal of skin adjoining
areas of skin nodules. Lungs in one calf
showed the presence of circular to oval grey
nodules Fig. (4), with hydrothorax and areas
of fibrinous adhesions detected in the thoracic
cavity while in the other animal, chronic in-
terstitial prteumonia was found. No gross le-
sions were found in the other organs.

Histological lesions of skin nodules were
classified into acute, subacute and chronic.
The acute stage was seen in 1 case {number
7) which showed minimal hydropic degenera-
tHon and round to oval eosinophilic intra-
cytoplasntic inclusion bodies (EICIB) in kerati-
nocytes and epithelium of hair follicles Fig.
(53&6). Macrophages with EICIB infiltrating
the dermis and necrotic subcutaneous tissues
were observed Fig. (7&8). There was promi-
nent superficial and deep dermatitis charac-
terized by necrosis, mononuclear cell infiltra-
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tion Fig. (9], extensive edema and neutrophilic
peri-vascular reaction with some hemorrhage,
vasculitis and thrombosis. Severe and diffuse
infiltration with inflammatory cells mainly
neutrophils, were observed in the underlying
muscular tissue. Subacute 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 in-
flammatory cells aggregated in small pockets
inside the fibrotic 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 caseation necro-
sis. Lymph nodes collectively showed lym-
phoid hyperplasia, sinus catarrah, histiocyto-
sis, perivascular fibrosis and edema. Lungs
showed necrotizing pneumonia in 1 animal
(number 7) in which basophilic bacterial colo-
nies were observed. In the other animal (num-
ber 8) non suppurative chronic active intersti-
tial pneumonia was detected. 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 fibrosis, ede-
ma and degeneration in cardiac muscle fibers,
with mononuclear cell infiltration besides, the
occasional presence of sarcocysts inside car-
diac muscle flbers were observed. The liver
displayed degenerative leslons 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, positive IHC reaction was detected in ep-
idermis and dermis of 3 samples; 1 sample
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from skin nodule with acute stage and 2 sam-
ples from skin nodule with subacute - chronic
stages Fig. (11). In acute and subacute to
chronic cases, the distribution of IHC staining
in skin nodules is similar as the epidermal
cells and macrophages infiltrating the dermis
were the only kind of cells showed the positive
reaction meanwhile, the intensity of IHC
staining is slightly deeper in skin nodule with
acute stage than those with subacute-chronic
stages. In subcutis, positive reaction was also
recorded mainly inside macrophages Fig. (12),
while a weak positive reaction was seen inside
macrophages infiltrating parenchyma of
lymph nodes (0-3 cells per field) Fig. (13). No
staining was observed in lungs, liver, spleen
and heart. Table (2) summarizes the IHC re-
sults. Using the autoclaving method for anti-
gen retrieval in a high pH (9) retrieval solution
at 121°9C for 10 minutes was the most effec-
tive 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 specific primers set am-
plified a DNA fragment of 192 bp equivalent 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 tissue
and 2 blocks from superficial lymph nodes.
None of the negative contrels produced any
amplicon Fig. (14). The PCR results are sum-
marized in Table (2).

DISCUSSION

Several reports have previously described
diagnostic methods for detecting LSD follow-
ing either experimental (Babiuk et al., 2008)
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or natural infection (Al-kholy et al., 2008).
PCR has becn previously demonstrated for
LSD genome detection in skin lesions and
blood. However detection 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
Holstein calves using a monoclonal antibody
generated to a capripoxvirus viral core protein
{ORF 057) expressed in Escherichia coli (Ba-
biuk et al., 2008).

This work represents the first description
of the possibility of detection of LSD viral anti-
gen and DNA in FFPET samples. Effective
control of LSD requires rapid and accurate la-
boratory diagnosis supported by clinical find-
ings (Tuppurainen et al., 2005). In our find-
ings, gross and microscopic pathology were
similar to those previously described by (Bas-
nard et al., 1994; House et al., 1980). Clini-
cal signs and gross pathology of LSD were
found to range from mild with only a few sec-
ondary skin nodules to generalized infection
of varying severity. Unknown genetic factors
were thought to influence the disease severity
(Babiuk et al., 2008). Until the last few
years, the exact pathogenesis of lesions devel-
opment associated 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 goats caused by SGFV
(Bowden et al., 2008). The similarity includ-
ed a marked lymphadenopathy in absence of
high titers in lymphoid tissue. Moreover, the
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immunological-pathological process responsi-
ble for lymphadenopathy is likely similar in
LSD as well as sheeppox and goatpox. Indeed,
the lesions in superficial lymph nodes were
characteristically similar in our findings. Mul-
tiple organ involvement has been observed in
naturally infected cattle (Woods, 1988). How-
ever, lung lesions were not seen in calves ex-
perimentally infected with LSD (Kitching and
Taylor 1985; Bowden et al., 2008). This ob-
servation may be explained by the presence of
additional stresses on cattle in the field may
exacerbate the disease (Babiuk et al., 2008).
In this destination, lungs of one necropsied
animal showed non suppurative chronic ac-
tive interstitial pnneumonia as been described
by (Annandale et al.,, 2010), while lungs of
the other animal showed the presence of ne-
crotizing lesions corresponding to gross grey
nodules. Grey pink nodules with caseous ne-
crotic cores were previously reported in mus-
cles, subcutis, lungs and other organs of ani-
mals infected with LSD (Qeering et al.,
18956). LSD could be differentiated clinically
from pseudo-lumpy skin disease (bovine
herpes mammilitis; herpesvirus 2) by the fact
that the lesions of the second involve only the
epldermis and leave a scab after sloughing
and systemic signs do not develop (Geering et
al., 1995). LSD might be differentiated histo-
logically from urticaria, insect and tick bites,
or insect stings by the absence of eosinophils
and the presence of a deep vasculitis and
from herpesvirus, cutaneous lymphosarcoma,
streptothrichosis and tuberculosis by the
presence EICIB in keratinocytes and germinal
cells of affected hair foliicles and sebaceous
glands in early lesions (House et al., 1990).
However, it is impossible to diagnose LSD
histologically in cases of absence of severe
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inflammatory and necrotic changes and EICIB
as in the subacute and chronic stages of the
disease. Brenner, et al., (2008) reported that
the f)resence of intra-cytoplasmic inclusion
bodies in LSD was occasional and they were
found in many cell types only in early lesions
(Prozesky and Barnard, 1982, Yager and
Scott 1985). In addition, however, vasculitis
and thrombosis, leading to edema and necro-
sis were central to the pathogenesis of the le-
sions in LSD (Prozesky and Barnard 1882),
these findings were observed only in 1 skin
nodule sample. The variation in histological
findings of LSD among infected cattle has
been also described by (Tuppurainen et al.,
2005).

Immunohistochemistry using monoclonal
antibody to a virion core protein with antigen
retrieval in a high pH (9) retrieval solution at
1212C has been previously reported 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 foreign breeds) inside cy-
toplasm of epidermal cells, interstitial macro-
phages infiltrating dermis, subcutaneous tis-
sue and parenchyma of lymph nodes,

PCR is the test of choice for rapid detection
and identification of LSD as the causative
agent in a LSD outbreak (Al-kholy et al.,
2008). PCR successfully detected LSD in 6/
12 FFPET samples (from foreign breeds) as
been showed in (Table 2) after being subjected
to a denaturation step just prior to PCR am-
plification. Bonin et al., (2008) mentioned
that it was possible to amplify longer sequenc-
es ranging up to 300 bases from postmortem
tissues, with no modification te the usual
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DNA extraction procedures through a pre-
PCR restoration treatment by filling single
strand breaks, followed by a vigorous dena-
turation step. However, our samples were
mostly biopsies or obtained shortly after ne-
cropsy no amplification occurred without the
addition of a denaturation step. This may be
due to the use of un-buffered formalin or from
the long time preservation of samples in par-
affin blocks until time of PCR application (4
years, from 2006 until 2010). Although many
sources for virus detection were reported such
as blood, semen and milk, skin biopsies are
likely the best choice to sample since they
contain greater numbers of viral particles fa-
cilitating easier detection by PCR (Tuppurai-
nen et al., 2005; Babiuk et al., 2008). The
PCR used in this work showed high spectficity
as a unique band of the expected size (?192
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, it is not fully understood why LSD an-
tigen and DNA were expressed in some sam-
ples but not in all by IHC and PCR respective-
ly. The possible explanations for this might he
different breeds or different stages at which
skin nodules were collected. Tuppurainen et
al., {2005) found a variable persistence of the
PCR positive result in skin biopsies 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.i). To the best of our knowledge, there
were no previous reports describing detection
of LSD virion by PCR after being extracted
from FFPET.

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

PCR and IHC can be used for diagnosis of
LSD in FFPET samples on condition that
there are several samples from acute, sub-
cute to chronic stages of the disease.

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

It is recommended to add a denaturation
step before PCR application especially if
the used formalin is not or improperly buf-
fered, also to use autoclaving antigen re-
trieval method (1212C /10 min) for IHC.
The applied monoclonal antibody found to
be able to detect LSDV antigen in some
skin nodules from animals with acute and
subacute to chronic forms of the disease.
LSD caused the most serious leslons in for-
elgn breeds as it is depicted to become en-

71

of calves may have a role on the variation
of histological lesions, 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 histocompatibility com-
plexes found on cell surfaces of individuals
Is responsible for different animal respons-
es to infection with LSDV. The genetic vari-
ation in LSD viruses is not been thought to
have a role on the fore-mentioned since the
virus has a very limited genetic variation
(Kara et al., 20038).

The detection of viral antigen and DNA in
samples from lymph nodes indicated that
lymph nodes could be taken as samples
with skin nodules for diagnosis of LSD dur-
ing systemic infection.
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Table 1. Antigen retrieval method, dilution, incubation temperature & duration, secondary antibody and chromogen.

72

Antigen retrieval Dilution Incubation Temperature & Secondary Chromogen
duration antibody

Actinase E 0.1% 37°/10 min Envision+anti- ImmPACT™
mouse HRP* DAB
Pronase Ready to Room temp/5Smin (LSAB+System-AP+ Fuchsin

use chromogen)t

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

solution (pH 9® mouse HRP DAB

Min =minutes; temp = temperature

Actinase E was from FUNAKOSHI corp.

Pronase was from ImmunoBioScience Corp.

» was from DAKO (Carpinteria,CA). DAB was from Burlingame, CA USA. twas from DAKO (Carpinteria,CA) ® was from DAKO Denmark A/S

Table 2: Comparison between the results of PCR and IHC

Case No. | Sex | Age Breed ‘Asses§ment . Samples obtained PCR IHC
of histological lesions

1 @ 3m | Holstein Subacute-chronic Skin biopsies - -
2 Q im Holstein Sitfast Skin biopsies | ND -
3 g 3m Native Subacute-chronic Skin biopsies | - -
4 ? 3m Native Subacute-chronic Skin biopsies - -
5 Q 3m Holstein Subacute-chronic Skin nodules + .t
6 Q 3m Native Subacute-chronic Skin nodules - -
+ +
Skin nodules + +
Subcutis - -
7 Q 3m Holstein Acute Lungs T !
olsie Lymph nocdes ND -
Heart ND -

Liver
Skin nodules - *
Lungs N )
. Lymph nodes - +
8 %) 4m | Holstein Subacute-chronic M ND .

Heart
Spleen ND -
Liver ND -

|
female, dmale, m month, + positive - negative  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 lesions of LSD on the skin covering the head, neck
and hind limbs.

Fig. (3): Calf showing swollen prefemoral lymph node.

Fig. (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 inclu-
slon bodies in epidermal cells with mild hydropic degeneration (white arrows).

Fig. (B8): H&E of calf skin nodule from acute stage with the presence of eosinophilic intracytoplasmic inclu-
ston bodies in epithelium of hair follicle (black arrows).

Fig. (7): H&E of calf subcutaneous tissue showing the presence of eosinophilic intracytoplasmic Inclusion
bodies inside macrophages infiltrating subcutis {arrows).

Fig (8): HXE of calf skin nodule from acute stage with the presence of eosinophilic intracytoplasmic inclu-
sion bodies in macrophages infiltrating dermits (arrow).

Fig. (9): H&E of calf skin nodule 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).

Fig. (11): IHC counterstained with Mayer's hematoxylin of calf skin nodule with subacute-chronic stage
showing a positive reaction in epidermal cells and inside macrophages infiltrating the dermis.

Fig. (12); IHC counterstained with Mayer's hematoxylin of calf subcutaneous tissue displaying a strong posi-
tive reaction inside macrophages infiltrating the subcutis.

Fig (13): THC counterstained with Mayer's hematoxylin of calf lymph node displaying a weak positive reac-
tion inside macrophages in the parenchyma of lymph node (arrows).

Fig (14): Agarose gel electrophoresis of PCR amplified gene encoding P32 of Lumpy skin disease virus, Bands
at 192 bp showing that the virus is 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.
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