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Abstract

Lumpy skin disease (LSD) is one of the major viral diseases still causing great economic losses among breeding flocks
of Egypt. This study was designed to focus light on non-cutaneous lesions (prevalence, intensity, and impacts) among
necropsied LSD infected cattle. We selected some dairy and beef flocks (Frisian breed) located in 3 governorates (Sharkia,
Dakahlia, and Kaloubia) in Nile delta, Egypt, in the period from January 2019 to January 2020 for our survey study. The
case history of farms declared no previous vaccination of examined farms. The clinical signs, morbidity, and mortality
rates were recorded. Average morbidity and mortality percentage were 22.28% and 6.59%, respectively. PCR for specimens
from liver, kidneys, heart, lungs, testis, udder, trachea, and lymph node indicates presence of amplicon capripoxvirus gene
product at molecular weight size 192 bp. Postmortem lesions of necropsied and emergency slaughtered were recorded. The
main detectable histopathology lesions among the infected animals were orchitis (75%), mastitis in immature and lactating
udder (66.66%), and necrotic hepatitis (77.77%), disseminated vasculitis (61.11), glomerulonephritis (55.55), myocardial
degeneration (50%), and serous atrophy of coronary fats (38.88%), lymphadenitis (88.88%), necrosis and depleted lymphoid
tissue of spleen (38.88%), necrotic myositis (77.77%), tracheitis (16.66%), and pneumonia (interstitial bronchopneumonia)
(44.44%) besides intra-cytoplasmic inclusions bodies in skin (33.33%). It could be concluded that higher mortalities of LSD
may be due to systemic infection of infected animals which had great impact on economic losses among breeding flocks.
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Introduction

Lumpy skin disease (LSD) is a viral pox disease of cat-
tle caused by capripoxvirus, in the family Poxviridae. It
is characterized by pyrexia, eruption of nodules on the
skin, mucous membranes, emaciation, and enlarged lymph
nodes. Various strains of capripoxvirus are responsible for
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the disease; yet, they are not the same strains which causes
sheep and goat pox (Amenu et al. 2018; Limon et al. 2020).
Moreover, it causes temporary or permanent loss of milk
production, lowered or complete loss of fertility in bulls, and
sometimes abortion of pregnant cattle as well as permanent
damage to animal hides (Alsalihi 2014).

LSD virus transmitted primarily by insect bites (Jarullah
2015). Firstly, LSD was documented in Egypt in 1988 where
it was recognized clinically in Suez Canal governorates then
extent to the neighboring governorates in the summer of
the same year and apparently over wintered with little or no
manifestations as reported by Salib and Osman (2011). In
the period of 5 to 6 months, it had been spread to most of
Egyptian governorates with 45% morbidity and the mortal-
ity rate reached 10% (Ali et al. 1990). During summer of
2006, epidemic of LSD were recorded in several Egyptian
governorates. The economic impact of LSD results from
carcass condemnation as the result of secondary infection.
Moreover, LSD constitutes a serious and major problem
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for breeders than for veterinarians, because of the major
economic losses, and the expenses of the care and control
program and different forms which appear among the cattle
flocks. In spite of vaccination program for cattle by usual
sheep, pox virus vaccine waves of infection may developed
at different intervals which follow by significant economic
losses. The majority of previous authors described cutane-
ous lesions of LSDV with little confident on other organs as
superficial lymph nodes, skeletal muscles, udder, and testis
(Neamat-Allah 2015; Neamat-Allah and Mahmoud 2019).
In the late period, LSD became pandemic and severe among
governmental and private flocks located in different prov-
inces of Egypt similar to highly pathogenic avian influenza
(H5N1) which infected domestic fowls (Ali et al. 2015).
Higher mortalities and morbidity rates among some flocks
in Delta Egypt governorates were seen with variable devel-
oped and disseminated lesions in some necropsied infected
cattle. The later may be attribute to some viral mutation and
high virulence of capripoxvirus isolate or wide tropism of
virus (Stalker 2007; Zachary and McGavin 2017). So, this
study was designed to focus light on non-cutaneous lesions
(prevalence, intensity, and impacts) among necropsied LSD-
infected Frisian cattle of various ages. We selected some
dairy and beef flocks located in 3 governorates (Sharkia,
Dakahlia, and Kaloubia) in Nile delta, Egypt, within the
period from January 2019 to January 2020 for our survey
study.

Materials and methods
Cattle

During period from January 2019 to January 2020, 1225 Fri-
sian cattle with different age and sex located in 3 governo-
rates (Sharkia, Dakahlia, and Kaloubia) in Nile delta, Egypt,
were surveyed for clinical signs and postmortem lesions in
necropsied cattle.

Ethical approval

Study was achieved in accordance with the standards set by
Animal Research Ethics Usage Initiative at Zagazig Univer-
sity, Egypt, and experimental protocols were approved by
the official animal ethics agency.

Polymerase chain reaction

Tissue specimens from liver, lungs, heart, testes, udder, kid-
neys, and trachea in addition to lymph node were pooled
and homogenized and kept in —20 °C for identification of
LSDV using PCR and LSDV Ismailia 88 strain used as posi-
tive control as primers: Oligonucleotide: Oligonucleotide
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were designed according to Binepal et al. (2001) for ampli-
fication of the supplement gene of capripoxvirus. The prim-
ers used in the PCR reactions were produced by Metabion
International AG Company, GmbH, Germany. The primers
were conventional kept in lyophilized form and re-suspended
in Tris/EDTA (T/E) buffer (PureLink™) with a final concen-
tration of 100 pmol uL~! and were considered to intensify a
specific segment of 192 bp. The primer sequences for PCR
amplification were as follows: forward primer, 5'-TTTCCT
GATTTTTCTTACTAT-3' and the reverse primer, 5’ AAA
TTATATACGTAAATAAC-3' (Zeedan et al. 2019). DNA
extraction was done agreeing to Wallace et al. (2007) by 0.5
mL of infected sample suspension processed with 20 pL pro-
teinase K (with a final concentration, 100 ug mL™") at 56
°C for 2 h. One hundred pL phenol: chloroform: iso-amyl-
alcohol (25:24:1) was added and mixed by reverse then cen-
trifuged at 13,000 rpm/min/5 min; then, the upper aqueous
layer was transported to a micro centrifuge clean tube, and
2.5 volumes absolute ethanol and 1/10 volume of 5 mol L™}
sodium acetate (pH 5.3) were added and mixed thoroughly.
The DNA was precipitated at —20 °C overnight and pelleted
by centrifugation at high speed (13,000 rpm/min~"') for 15
min. The pellet was washed once with 70% ethanol and then
centrifuged at 12,000/rpm min~!/10 min then air-dried and
re-suspended in 50-pL T/E buffer (PureLink™). Normal non-
infected samples were included as a negative control sample.

Histopathological studies

Specimens from majority of internal organs including udder,
testis, lung, liver, heart, kidneys, lymph node, spleen, tra-
chea, and subcutaneous muscles beside skin lumps were col-
lected from necropsied cattle and then fixed in 10% neutral
buffered formalin solution, dehydratedin 70-100% gradual
ethanol, and embedded in paraffin. Five-micrometer paraffin
sections were prepared and then stained with hematoxylin
and eosin (H and E) and examined microscopically
Elseweidy et al (2017, 2019) and Neamat-Allah et al. (2020).

Results
Clinical signs

The signs varied in severity from mild to severe with cuta-
neous lesions as papules, which varied from small or large
nodules (0.5-3 cm) in diameters and finally scab formation
which maybe sloughed leaving ulcer or healed skin involv-
ing the majority of skin surface including head, neck, shoul-
der, inguinal area, genital organs, and limbs (Fig. 1). Some-
times, the aforementioned lesions accompanied with general
signs of fever, inappetence, salivation, nasal discharge, and
enlarged superficial lymph node with or without corneal
opacity and emaciation followed by death or emergency
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Fig. 1 Cattle showing generalized skin lumps allover the body with a
few a scab formation, ulceration and enlarged prefemoral lymph node

slaughter. The morbidity percentage among three surveyed
governorates Sharkia, Dakahlia, and Kaloubia was 17.5,
21.73, and 26.66, respectively, with average total morbidity
22.28 %. High mortalities in the three surveyed governorates
represented by 7.14, 8.0, and 5.46 respectively with average
total mortality 6.59% due to emergency slaughter (Table 1).

PCR

LSDV DNA were detected in pooled internal organs, tissue
specimens, and skin of necropsied cattle which indicates
(lanes 1-4) (192 bp) in stained 1% agarose gel electrophore-
sis, along LSDV Ismailia 88 strain as reference (lane 5) and
50 bp DNA ladder, and lane 6 was negative control sample
(Fig. 2)

Macroscopically

Gross lesions represented by variable pox lesions in the
majority of cases which usually extended deeper to involve
subcutaneous and skeletal muscles. Sub cutis appeared
soft and pale in color with the presence of gelatinous fluid.
Skeletal muscles were firm and paler in color. Enlarged and
edematous lymph nodes and sometimes containing dark red
areas on their cut surfaces. The skin of udder had cutaneous
eruption which extended to involve teats beside indurated
and firm glandular tissue in some quarter of dairy cattle.
Scrotum of examined bulls had firm skin nodules with atro-
phied and edematous testes in addition to pale or grayish
foci on its surface. Parenchymatous organs of the necrop-
sied animals mainly liver and kidneys were enlarged and
contain pale or grayish areas on its cut surfaces. Spleen of
some cattle was atrophied and dark red in color. A few exam-
ined heart of emergency slaughtered cattle appeared flabby

Table 1 Morbidity and mortality percentage among LSD infected cattle (Fresian breeds) in Nile Delta governorates, Egypt, during the period from January 2019 to January 2020

Kaloubia

Dakahlia

Sharkia

Area

Heifer Bull Cow Total Calves Heifer Bull Cow Total Calves Heifer Bull Cow Total

Calves

Age

180 480

55

16

74
25

210
40

25 120 345
25 75

115

15

85
30

110 400
70

30

120 20

12

150
20

Number examined animals

128

Number of infected
Total morbidity %

26.66

21.73

17.5

2

Number died and emergency slaughter

5.46

7.14

Total mortality %
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Fig.2 LSDV DNA prepared internal organs pooled tissue specimen
(lanes 1-4) (192 bp) in stained agarose gel electrophoresis, along
LSDV Ismailia88 strain as reference (lane 5) and 50 bp DNA ladder,
and lane 6 was negative control sample

with slightly soft cardiac muscles beside pale streaks on its
surface and gelatinous coronary fat. Tracheal and bronchial
exudate with pale consolidated areas incrainio-ventral or
diaphragmatic lobes of lungs could be seen in a few necrop-
sied cases.

Microscopically

Cutaneous lesions represented by epidermal hyperplasia,
ballooning degeneration, spongiosis, vesicles, pustules, and
crust together with multiple intra-cytoplasmic eosinophilic
inclusion bodies were common in epidermis and skin adnexa
(Fig. 3). Early, exudative cellulitis either serofibrionous or

Fig.3 Skin of Frisian cattle showing ballooning with spongiosis of
superficial epidermis and numerous intra-cytoplasmic inclusions bod-
ies (arrow) H&E
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Fig.4 Skeletal muscle of bull showing necrotic myositis (arrow) with
focal calcification (arrow head) H&E

fibrinopurulent with or without bacterial colonies was seen in
dermis and subcutaneous tissue. Later on, fibrosis with mono-
nuclear cells replaced the necrotic muscle fibers. Necrotizing
myositis with or without calcification beside thrombosis of
blood vessels was common in the majority of skeletal muscles
(Fig. 4). The lymphoid tissue (lymph node and spleen) suf-
fered from lymphoid depletion and necrosis with proliferation
of reticuloendothelial cells besides expanded setae by exudate
suggestive lymphadenitis (Fig. 5). Sometimes, hemosiderin pig-
ment could be seen either as free pigment or engulfed by mac-
rophages within some lymph node. The immature mammary
tissue showed interstitial edema and numerous neutrophils infil-
tration among ill-developed glandular tissue (mastitis). Lac-
tating glands showed inflammatory process characterized by
necrotic epithelium of duct and alveoli with or without retained
secretion within the alveolar lumina and little inflammatory

Fig.5 Lymph node of cattle showing follicular depletion and prolif-
eration reticulo-endothelial cells (arrow) beside expanded septae by
exudate (arrow ahead) H&E
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Fig.6 Udder of cattle showing necrotic duct and alveolar epithelium
with retained secretion (arrow) few inflammatory cells and interstitial
fibrosis (arrow head) H&E

cells mainly neutrophils together with bacterial colonies in the
fibrosed stroma (Fig. 6). Testes revealed mild or arrest of sper-
matogenesis with various degenerative or necrotic changes in
the testicular epithelium which infiltrated by neutrophil (orchi-
tis), in addition to interstitial edema (Fig. 7). Focal necrotic
hepatitis characterized by minute areas of coagulative necrosis
with disseminated micro-thrombi in sinusoids and blood vessels
and a few scattered neutrophils were observed (Fig. 8). Por-
tal blood vessels exhibited vasculitis with proliferation of bile
duct epithelium. Membrano-proliferative glumerulo-nephritis
characterized by thickened glomerular basement membrane,
proliferative mesangial cells, and contracted tufts in addition to
interstitial fibroblasts containing numerous neutrophil replaced
necrotic tubules could be seen in the renal cortex of kidneys of
some cattle (chronic interstitial nephritis) (Fig. 9). Renal arter-
ies showed vasculitis with ischemic nephrotic changes in the

Fig.7 Testis of a bull showing degeneration and necrosis of tubular
epithelium and spermatozoa beside interstitial edema (arrow) H&E

Fig.8 Liver of cattle showing minute hepatic necrosis (arrow) dis-
seminated micro-thrombi in sinusoid (arrow head) and few neutro-
phils infiltrations H&E

adjacent parenchyma. Heart of the majority of necropsied cat-
tle had inter and intra muscular edema with partial myocardial
degeneration (Fig. 10). Moreover, serous atrophy of coronary
fat with thrombosis of some blood vessels was encountered.
Interstitial or bronchopneumonia accompanied by atelectasis
and necrotic tracheitis were encountered in a few cases. The
main noticeable histopathology lesions score in the infected
animals were recorded (Table 2).

Discussion

This surveyed study declared still existing of LSD infec-
tion in both dairy and fattening flocks in Egypt with induc-
tion of severe economic losses among infected herds. The

Fig.9 Kidney of cattle showing thickened glomerular basement
membranes (arrow) interstitial neutrophilic aggregation (arrow head)
and necrotic tubules H&E
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Fig. 10 Heart of cattle showing inter and intramuscular edema
(arrow) and partial myocardial degeneration (arrow head) H&E

detectable clinical signs among Frisian cattle flocks varied
in intensity and duration from mild to moderate and even
severe with average 26. A total of 28% morbidity among

all examined flocks. The majority of infected cattle recov-
ered, and a few died or emergency slaughtered with average
total mortality 6.59%. Our results are in agreement with
Amin et al. (2015) and Salib and Osman (2011). Lower
morbidity ratio could be due to individual susceptibility,
immunological resistance, and/or the capacity of vector spe-
cies in LSDV transmission (European Food Safety et al.
2020). Recorded deaths in our study may follow viremia
and secondary bacterial infection. Moreover, disseminated
involvement of vital organs as parechymatous organs fol-
lowed viremia may play role in raising mortalities.
Regarding to gross lesions, the parenchymatous organs
usually enlarged, pale, and contains grayish areas besides
consolidating pulmonary lobes. Skin of udder and scrotum
were involved with edematous testis and indurated firm
quarter of some mammary tissue. Involvement of mam-
mary gland and testis in this study may be due to extension
of lesions from skin of udder and scrotum. Our finding are
in agreement with Amenu et al. (2018) and European Food
Safety (2015). Hepatic, renal, and lung lesions in our work
may be due to disseminated viral infection and variation of

Table2 Type, prevalence,

Organ Histopathology lesions
percentage, and intensity of
histopathologylesions among Type Prevalence Percentage Intensity
different organs of LSD
necropsied cattle Skin Pox lesion 12/18 66.66 +++
Intra-cytoplasmic eosinophilic inclusion bodies 6/18 33.33 ++
Dermal edema and hemorrhage 8/18 44.44 ++
Subcutaneous tissue Exudative cellulitis 10/18 55.55 +++
Skeletal muscles Necrotic myositis 14/18 71.77 ++
Vasculitis and thrombosis 13/18 72.22 +
Lymph node Lymphadenitis 16/18 88.88 +++
Depletion and necrosis of lymphocytes 15/18 83.33 +++
Proliferation of reticuloendothelial cells 5/18 27.77 ++
Udder Necrotic alveolar duct 5/6 83.33 ++
Mastitis 4/6 66.66 ++
Fibrosis of stroma 2/6 33.33
Testes Degeneration or necrotic seminiferous tubules 4/4 100 +++
Orchitis 3/4 75 +
Liver Necrotic hepatitis 14/18 71.77 ++
Vasculitis of blood vessels 11/18 61.11 +
Disseminated thrombosis 3/18 16.66 +
Kidneys Membrano-proliferative glomerulo-nephritis 10/18 55.55 ++
Vasculitis 9/18 50 +
Chronic interstitial nephritis 6/18 333 +
Heart Inter and intra muscular edema 8/18 44.44 +
Myocardial degeneration 9/18 50 +
Myxomatous degeneration of the coronary fat 718 38.88 +
Spleen Lymphoid depletion and necrosis 7/18 38.88 ++
Proliferation of reticuloendothgelial cells 8/18 44.44 ++
Trachea Tracheitis 3/18 16.66 +
Lung Bronchopneumonia 8/18 44.44 + +
Interstitial pneumonia 8/18 44.44 ++
Atelectasis 4/18 2222 +

Intensity codes: Mild (+), moderate (++), and severe (+++)
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viral tropism which may follow some genetic abnormalities
or mutation. We noticed broad dissemination of infection
which involves also spleen. Aforementioned finding may fol-
low leukocyte trafficking of pox virus as seen in sheep pox
infection. Also, our observation was supported by PCR and
fusion gene for viral isolate from internal organs.

Our microscopic lesions in epidermis and skin append-
ages of examined organs characterize specific pox changes
with intra-cytoplasmic inclusion bodies. Similar findings were
reported by Alsalihi (2014) and Alsalihi and Hassan (2015).
The prevalence of cutaneous changes that was 66.66% indi-
cates high tropism of epidermal cells. Moreover, lower preva-
lence (33.33%) of specific intra-cytoplasmic inclusion bodies
may attribute to progression of pock lesions and early detec-
tion. Deep extension of lesions to involve subcutaneous tissue
and skeletal muscle which lead to edema and necrotic myositis
was recorded in our work. Aforementioned lesions may due to
vasculitis and thrombosis which resulted in ischemia with or
without calcification and secondary bacterial infection. Our
results are in partial agreement with (Amin et al. 2015). Lym-
phoid organs in our work showed intense lymphoid deple-
tion, necrosis, and proliferation of reticulo-endothelial cells
together with or without inflammatory response exudate lym-
phadenitis. Our results disagree with El-Neweshy et al. (2013)
who recorded lymphoid hyperplasia of lymph node with pres-
ence of foamy macrophages. Aforementioned lesions indicate
immunosuppressive effect which enhance viral dissemination
to various internal organs and secondary bacterial infection.
High prevalence of necrotic myositis and thrombosis (77.77%)
indicated intensity of vascular endothelial injury and ischemia
which usually follows by secondary bacterial infection from
skin and persistent of pustule pock lesions. Intense and great
evidence of superficial lymphadenitis (88.88%) could be fol-
low immune suppressive effect of capripoxvirus after leu-
kocyte trafficking and virus replication within the immune
organs (spleen and lymph nodes).

The lesions in lactating and immature mammary glands
included necrotic acini and alveolar ducts with inflamma-
tory cell infiltration suggestive for mastitis. The high preva-
lent of mastitis (66.66%) in lactating and immature udder
declared progressive and dissemination of capripoxvirus
and contamination of teat orifices. Higher testicular lesions
(75% orchitis) in examined bulls represented by degenerated
and necrotic seminiferous tubules infiltrated by neutrophils
with mild or arrest of spermatogenesis. A few authors par-
tially accordance with our results (European Food Safety
2015). Specified hepatic lesions in the form of focal hepati-
tis (77.77%) with disseminating of micro-thrombi in blood
vessels (16.6%) and vasculitis (61.11%) could be seen. The
encountered vasculitis could be resulted from immune complex
deposition in capillaries, arterioles and post-capillary venules
(Zachary and McGavin 2017). The hepatic and renal changes
in our examined cases characterized by ischemic changes

following viremia and vasculitis or thrombosis which follow
endothelial damage (Amin et al. 2015). The first encountered
membrano-proliferative glomerulo-nephritis (55.55%) and
vasculitis (50%) could attribute to deposition of immune
complex in glomeruli (immune mediated) and vascular wall
or endothelial injury from viral replication. Similar find-
ings were reported by Jones et al. (1997) who mentioned
that sheep pox characterized by necrotizing vasculitis with
necrotic foci in some viscera. Moreover, focal inflammatory
cells in interstitial or fibrosis usually follow ischemic lesions
at the end stage of and kidneys diseases and blood supply
of tubules and interstitial via glomeruli (chronic interstitial
nephritis). Prevalence of heart lesions of some necropsied
animals was represented by inter muscular edema (44.4%)
and partial myocardial degeneration (50%) with thrombosis
of some blood vessels (38.88%). Moreover, serous atrophy
of the coronary fat was less common and seen in chronic
and emaciated cases. Encountered myocardial lesions may
follow vascular injury of the blood vessels. These findings
were in accordance with Zachary and McGavin (2017) who
mentioned that capripoxvirus replicates endothelial cells
resulting indirect injury and acute inflammatory response.

Respiratory tracts including trachea and lungs suffered
from necrotic tracheitis (16.66%) and interstitial or broncho-
pneumonia (44.44%) and atelectasis (22.22%). Respiratory
system involvement followed hematogenous spread with
involvement of pulmonary endothelial cells and macrophage
which produce some inflammatory cytokines. Also, involve-
ment of respiratory system indicates capripoxvirus of cattle
became more virulent with extension of virus to bronchial
or alveolar epithelial. Our results agreed with Zachary and
McGavin (2017) who mentioned that pneumonia may be
accompany systemic pox virus induce disease. Secondary
bacterial infection increase intensity of various encountered
lesions follows vial immunosuppression.

Conclusions

It could be concluded that LSD still prevalent in the Delta of
Egypt with broad dissemination in various visceral organs of
the infected cattle and became more virulent with induction
of variable intensity lesions which impact in great economic
losses among infected flocks in Egypt.
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