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Pathological and Molecular Investigations in the Aborted Fetal Lamb due to the
Poxvirus
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ABSTRACT: In this case, the sheeppox virus strain-induced abortion in a ewe and fetal lesions are reported. At the
necropsy, pock nodules of varying sizes were seen to scatter over the skin and lungs of the fetus. Histological exam-
ination of the pock nodules from the skin and the lungs found typical sheeppox cells and cytoplasmic inclusion bodies.
Immunohistochemistry to surfactant proteins (SP) and multi-cytokeratin (MCK) confirmed hyperplasia of type II cells
and bronchial lining epithelium in the pock nodes. A polymerase chain reaction (PCR) test using skin nodules con-
firmed the causing agent is a Capripoxvirus. The phylogenetic comparison of the sheeppox virus (SPPV), goatpox vi-
rus (GPPV), and lumpy skin disease virus (LSDV) revealed that the reason for abortion was the sheeppox virus strain.
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CASE HISTORY

heeppox is caused by a DNA virus member of the

family Poxviridae and of the genus of Capripox-
virus which consists of 3 different viruses namely the
sheeppox virus (SPPV), goatpox virus (GTPV), and
lumpy skin disease virus (LSDV) (Yager and Scott,
1985). Outbreaks of the disease occur mainly in Asia,
Africa, and the Middle East. The disease is the most
important pox virus infection of domestic animals
with considerable mortality in susceptible flocks
(Yager and Scott, 1985; Sumana et al., 2020). Sheep-
pox is most severe in neonatal lambs than in adult
sheep, with mortality reaching 80-100 % (Hurisa et
al., 2018; Lafar et al., 2019; Sumana et al., 2020; Ze-
wdie et al., 2021). Even though the limited data about
abortion caused by the sheeppox has been document-
ed as a cause of economic losses in a few review ar-
ticles (Hurisa et al., 2018; Zewdie et al., 2021), our
best literature search did not find a published paper
confirming the virus-induced abortion or describing
the lesions in fetal lambs. Thus, this case aims to re-
port the sheeppox virus strain-induced abortion in a
ewe along with the description of the fetal lesions
and to examine the Capripoxvirus nucleic acid using
PCR along with differential diagnosis using molecu-
lar characterization.

An aborted crossbreed sheep fetus, about 4,5
months of gestation, was admitted to the Department
of Pathology, Faculty of Veterinary Medicine, the
University of Kafkas for necropsy in January 2022.
At the visit to the flock where the fetus was submit-
ted, the ewe did not show any clinical signs or skin
lesions of the disease. The flock’s owner stated also
that the ewe had no history of the disease and the
flock was not vaccinated for sheeppox. Following the
gross examination, the fetus was systematically nec-
ropsied. Tissue samples taken from the skin and all
internal organs were fixed in 10% buffered formalin
and processed routinely, and the sections of 4um in
thickness were stained with hematoxylin and eosin
(HE). To evaluate the proliferation of type II cells and
airways epithelium in the pock nodules, serial lung
sections were stained with Avidin-Biotin-Peroxidase
Complex (ABC) technique (Hsu et al., 1981), using
the Genemed Acu-Stain Mouse + Rabbit HRP Kit
(Cat No. 54-0003), surfactant protein (SP) antibodies
(SP-A: Chemicon AB3424; SP-B: Abcam AB40876),
Multi Cytokeratin (MCK clone: AE1/AE3, Invitrogen
MAT1-82041) and Proliferating Cell Nuclear Antigen
(PCNA). The routinely de-waxed and hydrated sec-
tions were treated with a 3% H,O, solution for 20

min to block endogenous peroxidase. Then, the sec-
tions were allowed to boil in citrate buffer (pH 6.0)
in a microwave oven (800W) for antigen retrieval for
20 min. After the sections were incubated with 10%
normal goat serum (Reagent A), they were incubated
with primary antibodies according to the manufactur-
er’s datasheet. The sections were then incubated with
biotinylated goat anti-rabbit secondary antibody (Re-
agent B) for 30 min at room temperature (RT). And
then, the sections were treated with streptavidin-per-
oxidase (Reagent C) for 30 min at RT. Immunola-
beling was obtained with 3-amino-9-ethyl carbazole
(AEC) as the chromogen.

For the nucleic acid extraction, the skin nodules
were homogenized and centrifuged and DNA ex-
traction was performed using the phenol/chloroform
described previously (Sambrook & Russel., 2001).
PCR was used for Capripoxvirus nucleic acid inves-
tigation. The A4L gene was chosen as it is conserva-
tive and it allows the distinction of SPPV, GTPYV, and
LSDV after sequencing of this gene (Madhavan et al.,
2020). The expected amplicon size was 486 bp with
this primer pair. PCR product was visualized in a tran-
silluminator after electrophoresis in 1% agarose gel
containing Safe-Red (Safe ViewTM Cat No: G108-R,
Canada) DNA stain. For phylogenetic analysis, the
amplicon was sent to a commercial company for
Sanger sequencing. The obtained sequence was com-
pared to the reference strains of SPPV, GTPV, and
LSDV in the GenBank database. Sequence alignment
was performed using Bioedit (Version 7.0.5.3) Hall.,
1999 and phylogenetic analysis was performed using
MEGA7 software as previously described (Tamura et
al., 2011).

At the gross examination, the fetus was weakly de-
veloped and numerous pock nodules of varying sizes
were scattered throughout the skin (Figure 1a). The
kidneys showed small whitish nodules on capsular
and cut surfaces. Multiple whitish pock nodules of
varying sizes were seen to be distributed to all lung
lobes (Figure 1b). Histopathological examination of
the skin papules revealed microvesicles of varying
sizes having a small amount of fluid (Figure 1c), ac-
anthosis, and the increase of mononuclear cells in the
epidermis. The dermal layer showed vasculitis and
numerous characteristic sheeppox cells with vacuo-
lated nuclei and marginated chromatin. The sheeppox
cells often had eosinophilic cytoplasmic inclusion
bodies. In the lungs, pock nodules were characterized
by proliferative bronchiolitis and alveolitis giving
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an appearance of the gland-like which were formed
by the proliferative type Il cells (Figure 1d), along
with numerous sheeppox cells having typical chro-
matin marginated-nuclei and abundant eosinophilic
cytoplasm. The sheeppox cells in the pock nodules
revealed often cytoplasmic inclusion bodies (Figure
1d, inset). Bronchioles and alveoli contained necrotic
and desquamated cells with inflammatory cell infil-
tration. The lining epithelium of the terminal bronchi-
ole showed hyperplasia and caused to narrowing of

the airways. The kidneys had also multiple foci com-
prised of lymphoid cells.

A slight immunopositive reaction to SP-A occurred
in the cytoplasm of the proliferative type II cells and
in the necrotic debris within the alveoli in the pock
nodules. Non-ciliated Clara cells revealed positive
staining against the marker. But, strong SP-B immu-
nostaining was detected in the proliferative type 11
cells of the pock nodules (Figure 1¢) and the reaction

Figure 1. (a) Numerous skin papules of different sizes are dlstrlbuted to all the skin of the fetus (b) Whitish pock nodules of varying
sizes are scattered to the lung lobes. (c) The vesicles (arrows) of various sizes in the epidermis (HE, Bar_543). (d) The bronchial epi-
thelium shows hyperplasia (HE, Bar_51), with many sheeppox cells having cytoplasmic inclusion bodies (inset, arrowheads). (¢) SP-B
immunoreaction in the cytoplasm of hyperplastic type II cells (ABC, Bar 51A). (f) Immunohistochemistry to CK confirms gland-like
proliferation of type II cells in the pock nodule (ABC, Bar_ 166), along with hyperplasia of bronchial epithelium.
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was more diffuse compared to SP-A. Immunostaining
for SP-B mainly occurred in the apical cytoplasm of
the type II cells which were proliferated as gland-like
structures. Non-ciliated Clara cells also positively re-
acted with SP-B. However, the bronchial lining epi-
thelium and sheeppox cells did not show any reaction
for SP-A and SP-B. MCK immunostaining against
lung epithelial cells found also severe hyperplasia of
type II cells in pock nodules (Figure 1f). MCK im-
munopositivity displayed the gland-like structures
formed by the proliferation of type II cells in the nod-
ules. Thin cytoplasmic extensions of type I alveolar
epithelial cells in the wall of alveoli and bronchial
lining epithelium showed also a positive reaction to
the MCK, with no reaction of sheeppox cells. Hyper-
plastic type II cells and bronchial lining epithelium
showed a nuclear positive reaction for PCNA.

After performing PCR, the correct-sized amplicon
(approx. 486 bp) was obtained. PCR product was con-
firmed by sequencing. The sequence was submitted
to GenBank (Accession number: ON521728). After
phylogenetic analysis; SPPV, GTPV, and LSDV ref-
erence strains were grouped in the different branches
and the sample was clustered with SPPV reference
strains. Our analysis revealed that the sheeppox virus
strain caused the abortion (Figure 2).

DISCUSSION

The reported case highlighted that the SPPV strain
induces abortion in ewes and causes severe fetal le-
sions. In the literature (Hurisa et al., 2018; Zewdie et
al.,2021), abortions due to the sheeppox have been re-
ported not to be common and cause trade restrictions.
Mims (1981) reported that the smallpox virus from
the Poxviridae is the only virus that causes significant
lesions resulting in fetal death in humans. Poxviruses
are transmitted to mammalian fetuses during embry-
ological development, and fetal involvement follows
of primary infection of the mother during the first 3
months of gestation. Following the infection of the
mother, the virus spreads in the bloodstream to reach
the placenta. After the infection is established in the
placenta, the virus is discharged into the fetal circula-
tion, and then the disease is localized in the visceral
organs, resulting in fetal death and abortions (Mims,
1981). Our detailed literature review did not find a
document explaining the mechanisms of abortion by
the sheeppox virus. In the present case, the fact that
the fetus had severe lesions in the skin, lungs, and kid-
neys shows that the fetus might have been expelled
following intrauterine death. But, as the placenta was
not presented along with the fetus, it could not be ex-
amined for the presence of placentitis.

At the gross examination, numerous papules of dif-
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Figure 2. Phylogenetic tree constructed with neighbor-joining method using MEGA7 software with reference sheeppox virus, goatpox
virus, and lumpy skin disease virus strains. The sequence obtained in this case (ON521728) is indicated with a black square.
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ferent sizes were seen to scatter over the body. Simi-
lar skin lesions have early been reported in neonatal
lambs with sheeppox infection in Turkey (Gulbahar et
al., 2006; Eroksuz et al., 2008; Beytut, 2010) and other
parts of the World (Zangana &Abdullah, 2013; Hamou-
da et al., 2017; Hurisa et al., 2018). Pulmonary lesions
that were seen as whitish nodules in the fetus have not
been early documented and the lesions were reported
as the characteristics of the disease in lambs (Gulbahar
et al., 2000; Mondal et al., 2004; Beytut, 2010). The
major cause of the death of lambs with sheeppox has
been attributed to pulmonary pock lesions (Mondal et
al., 2004). The fetal skin lesions consisted of multiple
epidermal cysts, sheeppox cells with inclusion bodies,
epidermal hyperplasia, and ballooning degeneration
have also been reported in lambs by other authors (Milli
etal., 1991; Gulbahar et al., 2006; Eroksuz et al., 2008;
Beytut, 2010; Zangana &Abdullah, 2013; Hamouda
et al., 2017). It was noticed that skin lesions observed
in the fetus were more severe than those reported in
neonatal lambs with sheeppox (Gulbahar et al., 2000;
Gulbabhar et al., 2006; Beytut, 2010). The disseminated
pulmonary pock nodules revealed proliferative alveo-
litis characterized by the massive proliferation of type
II cells giving the appearance of gland-like, along with
numerous sheeppox cells with punched-out nuclei. The
pock nodules showed also marked hyperplasia of ep-
ithelial lining cells in the bronchioles. Both alveolar
type II pneumocytes and epithelial lining cells of air-
ways are the sites where the virus propagates and in-
duces the cells’ proliferation (Milli et al., 1991). These
pathognomonic findings were similar to those reported
in sheeppox virus infections of neonates (Milli et al.,
1991; Gulbahar et al., 2000; Gulbahar et al., 2006; Bey-
tut, 2010; Hamouda et al., 2017). Thus, the gross and
histological lesions in the SPPV strain-induced aborted
fetus are first time described, and these are highly sug-
gestive of the disease.

Immunohistochemistry was performed to dif-
ferentiate the cell types that proliferated in the pock
nodules. Immunostainings to SP-A and SP-B openly
found severe hyperplasia of type II cells forming a
gland-like appearance and confirmed that sheeppox
viruses induce hyperplasia of type II cells, as report-
ed earlier (Milli et al., 1991; Beytut, 2010). Immuno-
reaction in the apical cytoplasm of type II cells was
supposed to be lamellar bodies where mature SP-B is
stored before secretion into the alveolar lumina (Her-
mans & Bernard,1999; Beytut, 2010). Sheeppox cells
are the sites of viral replication and the cells are sup-
posed to originate from the monocytic lineage (Yager

& Scott, 1985). The negative reaction of the sheeppox
cells for surfactant proteins might support the opinion
that sheeppox cells are not originated from lung ep-
ithelial cells. Consistently, other studies (Liao et al.,
2000; Luks et al., 2001) reported that numerous type
II cells revealed apical SP-B cytoplasmic aggregates
in normal sheep fetuses and that immunohistochem-
istry for SP-B allowed identifying of type II cells in
fetal lungs. Thus, the SP reaction in the lung was in-
terpreted as the actively secreted surfactant in sheep
fetuses during the last period of gestation. MCK im-
munostaining showed marked hyperplasia of both
type II cells and the lining epithelium of the bronchi.
Although MCK is not specific for type II cells, it was
seen that type II cells showed a strong reaction to
MCK, and those pulmonary pock nodules consisted
of the predominantly gland-like proliferation of the
cells, along with hyperplasia of the lining epithelium
of bronchioles. Also, PCNA nuclear immunolabeling
confirmed a severe proliferation of both type II cells
and bronchial epithelium in the pock nodules.

Although the Capripoxvirus genus is considered
host-specific, cross-species transmission between
sheep and goats has been previously reported (Madha-
van et al., 2020). Our detailed literature review found
that LSDV among poxvirus strains previously caused
intrauterine transmission in bovines (Rouby & Aboul-
soud, 2016). SPPV and GTPV are indistinguishable
using serological means. But members of Capripox-
virus can be differentiated with molecular methods.
In this case, there were no clinical signs of the disease
in the ewe and flock. This data might show the possi-
bility of a cross-species infection by GTPV or LSDV.
But, the molecular characterization revealed that the
abortion was induced by a SPPV strain. Thus, in the
detection of the causative virus, molecular techniques
should be used instead of serological examination.

In conclusion, the reporting of both abortion and
the description of fetal lesions caused by the SPPV
strain, which was confirmed by using molecular tech-
niques, will make an important contribution to sheep
breeding and the scientific background.
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