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Bovine Parapoxvirus: Isolation and pathogenicity studies
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A disease characterized by papules, nodules, vesicles, pustules and ulcers on teats and
udder as well as drastic drop in milk production was seen among a cattle farm in Fayoum
Governorate, Egypt. A virus was isolated by inoculation of vesicle and scrap homogenate

pool from infected cattle

into the chorioallantoic membrane of specific pathogen free

embryonated chicken eggs. The virus was identified by presence of pock lesions,
intracytoplasmic inclusion bodies on the chorioallantoic membrane, polymerase chain
reaction and immunohistochemistry of the inoculated membrane. A novel pathogenicity
model was developed via ear pinna inoculation of Swiss mice. The virus produced vesicular
and ulcerative lesions at the site of inoculation in inoculated mice. The virus identity was
confirmed by the presence of intracytoplasmic viral antigens by immunohistochemistry.

The genus Parapoxvirus forms a unique genus
within the subfamily Chordopoxvirinae that
differentiated into five species: orf virus (ORFV),
bovine papular stomatitis virus (BPSV), parapox
of red deer in New Zealand (PVNZ),
pseudocowpox virus (PCPV) as well as three
tentative species of the genus, auzdyk disease
virus, chamois contagious ecthyma virus and
sealpox virus (Biichen-Osmond, 2003). Virions
are enveloped, ovoid in shape and the viral
genome consists of a linear double-stranded DNA
130 000-150 000 nucleotides in length covalently
cross-linked at the ends (Fenner, 1996).

Ruminants are the main hosts that become
infected with PPV worldwide. Affected animals
such as sheep, goats, and cattle develop
proliferative dermatitis in the region of the mouth,
teats, and skin. Humans are occasionally affected
by PPV after direct contact with lesions of infected
animals, with infection rates of up to 34% in
individuals at risk (Buchan ,1996). The well-
known milkers’ node is a typical human clinical
picture observed after infection with PCPV.

Laboratory diagnosis of the disease is achieved
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by negative stain electron microscopy from scabs
of affected animals where the characteristic ovoid
shape of the virion is demonstrated (Wilson and
Sweeny, 1970; Hiramatsu et al,, 1999; Guo et al.,
2004). However, the lack of an electron
microscope in many veterinary diagnostic
laboratories and low sensitivity of the test lead to
the development of reliable diagnostic tests. The
development of PCR methods for detection of
parapoxvirus has met the demands for specific and
sensitive laboratory diagnosis of parapoxviruses
(Mazur et al., 2000; Inoshima et al., 2000, 2001,
2002; Torfason and Gunadottir, 2002; de la
Concha-Bermejilo et al,, 2003; Guo et al., 2003,
2004; Tryland et al, 2005). PCR assay was
applied, upon a conserved ORF; B2L, in order to
detect and differentiate parapox infections
(Inoshima et al., 2000; Guo et al., 2004).

Recently a disease characterized by papules,
nodules, vesicles and pustules, which sometimes
progressed to ulcers on teats has been seen among
cattle in some areas of Egypt. During the summer
of 2005, the disease was seen in cattle farm in
Fayoum Governorate. We have collected lesion
materials for isolation of the virus from affected
cattle in the field. Virological investigations were
carried out to identify the isolated virus. A mice
pathogenicity model was developed by ear pinna
inoculation.

Materials and Methods
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Embryonated chicken eggs. SPF ECE obtained
from (Nile SPF, Koom Oshiem, Fayoum, Egypt)
were used for isolation of the field isolate, serial
passages and titration of the seed stock of virus.
Laboratory Animal. Eighteen 8-week-old Swiss
male mice (Biological Supply Center, Theodar
Bilharz Research Institute, Cairo, Egypt) were
used within this study. Mice were bred
conventionally, and received standard laboratory
diet as well as water ad libitum.

Clinical samples. In the present study crusted
scab lesions were obtained from dairy cattle farm
(Fayoum Governorate, Egypt) suffering from
development of teat and udder lesions with drastic
drop in milk production in the affected animals.
Lesions included, vesicles (Fig.1 A), papules
(Fig.1 B), and ulcers (Fig.1 C,D)on teat and udder.
Only young cows (after the 1% or 2™ parturition)
were affected.

Virus Isolation in embryonayted chicken eggs.
Crusted scab lesions and skin biopsy were ground
in sterile phosphate buffer saline (PBS: pH 7.4)
making up a 20% (w/v) solution. Antibiotics
mixture (penicillin 100 U/ml and streptomycin 100
png/ml) was added. The suspension was frozen at
20 °C and thawed three times. After
centrifugation at 2000xg for 10 min, 0.2ml of the
supernatant was inoculated onto chorioallntoic
membrane of specific pathogen free ECE.
Inoculated ECE were incubated at 37 °C for a
period of 3-5 days. CAM was examined
macroscopically and microscopically.

DNA preparation. DNA was prepared from virus
infected CAM homogenate using extreme Geno-
mic DNA purification kit II (Pierce, Rockford,
IL), according to the manufacturer’s instructions.
Polymerase chain reaction (PCR). PCR was
performed using B2L gene specific primers
(forward:5’gtcgtccacgatgagecaget 3°, reverse : 5’
tacgtgggaagegcecteget3’) as described by (Inosh-
ima, et al., 2000). Briefly, 10 pl sample of
genomic DNA preparation was placed in 50 pl of
the final volume of a 10ul reaction mixture
containing 50 mM KCI, 10 mM Tris—HCI (pH
8.5), 1.5 mM MgCl2, 200 mM of each ANTP, 100
pmol of each oligonucleotide primer and 2U Tag-
DNA polymerase, (Minotech, Kreta, Greece).
Amplification was carried out using initial
denaturation at 95°C for 9 min, followed by five
cycles of 94°C for 1 min, 50°C for 1 min and 72°C
for 1 min, and then 25 cycles of 94°C for
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1 min, 55°C for 1 min,72°C for 1 min. and final
clongation was performed at 72 °C for 7 min.
Amplified product analysis. Ten ul of amplified
product were analyzed by agarose gel electro-
phoresis on 2.5% ultra pure agarose,
electrophoresis grade (Gibco BRL), containing
0.5 pg /ml ethidium bromide in TAE buffer and
visualized on an UV transilluminator.

Laboratory animal inoculation. Eighteen mice
were divided into two groups. Mice in group 1(12
mice) were inoculated with 10 pl (10’EIDsy/ml) by
smearing after scarification of the left ear pinnae
of male, adult, Swiss mice. Mice in group 2 (6
mice) were kept as a placebo and inoculated with
sterile PBS by the same route. Mice ear pinnae of
affected and placebo animals were examined

histologically using H&E stain as well as
immunohistochemistry.
Immunohistochemistry (IHC). IHC was

performed on deparaffinized sections of CAM as
well as mice ear pinnae. The adopted protocol
followed that previously described (Voller and
Bidwell, 1986). Briefly,after deparaffinization,
tissue sections were treated with 3% hydrogen
peroxide and then subjected to antigen retrieval by
incubating the sections for 15 min at 37°C with 25
mg/ml proteinase K (Boehringer Mannheim,
Mannheim, Germany) in 10 mM Tris, 2 mM
CaCl2, pH 7.5. Non-specific background staining
was blocked by incubating the sections for 20 min
with blocking reagent; 1% ova albumin in TBS
(w/v). The sections were then incubated for 1 h
with bovine specific serum 1/10 in TBS, 1% BSA,
followed by detection with horseradish-
peroxidase-conjugated rabbit anti-bovine IgG.
After washing, diaminobenzidine (DAB) substrate,
was added (Vector Laboratories). Sections were
counterstained lightly with haematoxylin and
coverslipped for a permanent record.
Results and Discussion

A number of procedures have been developed
to detect parapoxvirus. However most of these
methods are time-consuming, laborious and
sometimes show lack of specificity and sensitivity
with cross-reactions observed (Wittek et al., 1980;
Rosenbusch and Reed, 1983; Lard ef al., 1991).

PCR protocols have been described for
parapoxvirus DNA detection (Inoshima et al.,
2000, 2001, 2002; Torfason and Gunadottir, 2002;
Guo et al, 2003, 2004; Tryland et al, 2005,
Kottaridi, et al, 2006) emphasizing on the
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prevention of serological cross reactivity and on
diagnosing ecthyma without using isolation or

Fig. 1. Clinically affected cattle showing (A) vesicle on a teat, (B) papules on the teat and
udder as well as (C, D ) ulcer on the udder. Chorioallantoic membrane of SPF ECE
showing pin point pock lesions (E) and intracytoplasmic inclusion bodies in histological
section of the membrane stained with H&E , 40x (F). CAM sections stained immunohist-
ochemically with anti-PPV are shown (G).
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Fig. (2): Identification of parapoxvirus by PCR of
B2Lgene. Specific 594 bp product was amplified
from DNA of parapoxvirus. M: 100 bp molecular
weight marker. Lane 1: CAM homogenate from
SPF ECE inoculated with pool of crusted scab
lesions and skin biopsy from clinically affected
animals.

electron microscopy.

In the present study, parapoxvirus was
isolated, and identified as a member of the genus
parapoxvirus in the family Poxviridae on the basis
of clinical signs, the presence of intracytoplasmic
inclusion bodies as well as molecular character-
ization by PCR of B2L gene.

All  parapoxviruses are immunologically
closely related and cannot be distinguished in
cross-neutralization tests (Wittek, et al., 1980) and
distinction was achieved by DNA restriction
analysis and hybridization (Wittek, et al., 1980;
Gassmann, et al, 1985). Accordingly, the
Egyptian strain would be a pseudocowpox virus or
milker’s nodule virus (Mayr, and Biittner, 1990;
Fenner, 1996), a case that will be further
investigated.

For virus isolation, primary bovine cells, not
routinely present, are needed. Kuroda et al., 1999
isolated bovine parapoxvirus on fetal bovine lung.
Primary isolation required 12 days and usually
required blind passage. In addition, attempts have
therefore aimed at excluding other viruses from
primary cell culture, rather than isolating the
parapoxvirus itself (Torfason and Guodnado’ ttir,
2002). Previous report renounced the possibility of
isolation of parapoxvirus on ECE (Munz and
Dumbell, 1994). However we have amended this
finding in the current study where virus isolation
was successful in CAM of SPF-ECE. Isolation
procedure has taken 3-5 days incubation in ECE
however, clear lesions appeared after the 2™ egg
passage. The virus produced thickening in the
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chorioallantoic membrane, small pock lesions
(Fig.1E) and embryonic deaths as well as multiple
intracytoplasmic eosinophilic inclusion bodies in
the CAM (Fig.1F). This finding was further
confirmed by demonstrating intracytoplasmic viral
antigens using specific bovine serum in
immunohistochemistry (Fig.1 G).

Parapoxvirus proteins that interfere with the host
response to infection are of interest because they
provide insight into virus—host relationships and
how virus overwhelms host immune response.
Such studies need assessment in animal models
and with this aim, a model of parapoxvirus
infection based on intradermal injection of Swiss
mice ear pinnae was developed and characterized.
The mouse as an animal model is particularly
amenable to studies of pathogenesis and immunity
because of the availability of well-defined inbred
strains, including a growing repertoire of targeted
gene knockouts, and a wide range of
immunological  reagents.  Accordingly, we
investigate  its  susceptibility to  bovine
parapoxvirus infection. A good pathogenicity
model of PPV infection should allow many
parameters of infection to be assayed including
clinical signs, growth of virus, infiltration of
lesions and cellular and humoral immune
responses. Possible sites for cutaneous inoculation
not requiring shaving include the tail, footpad and
ear. Tail scarification has been used in other
viruses but it is difficult to assay virus or to cut
histological sections from this site. Infection of
the ear pinna causes less distress than footpad
inoculation, has been used previously as a model
for other virus infections (Hill et al, 1975;
Moorhead et al, 1999; Tscharke and Smith,
1999.), and enables straightforward virological and
histological analyses. Vaccinia virus has been used
successfully to infect mouse ears (Tscharke and
Smith 1999), whereas only virus titres were
reported previously (lkeda et al.,1991; Lee et
al.,1992).Upon experimental infection of bovine
parapoxvirus, mice undergo a limited infection
that is well tolerated by mice. All mice developed
localized lesions with no signs of systemic illness.
Lesions includes vesicles and ulcers on the ear
pinna (Fig.3B, C) that heal rapidly within 24-48 h.
(Fig.3D). Such localized effects may be useful
since some virus proteins may be too subtle to be
detected in the context of severe infections.
Furthermore, severe infections are poor models for
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vaccination where clinical impact must be
minimized ( Briody , 1959 ) For these reasons a
well - defined cutaneous model of parapoxvirus

Fig. (3). Histological analysis of ear pinna infection after injection with 10’ EIDs,. of
parapoxvirus. Appearance of ears before in placebo (A), inoculated mice that showed
vesicle (B), ulcer (C) and healed ulcer (D) haematoxylin and eosin-stained sections of
placebo (E) as well as inoculated mice that showed hydropic degeneration (F) infiltration
of mature and immature fibroblast (G) and denuded epidermis and ulcer (H). sections
stained immunohistochemically with anti-PPV are shown (L,J).
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infection would be a useful tool for studying the
function of PPV protein.

A histological examination of paraffin sections
of ears that had been infected was undertaken after
development of visible lesions (Fig. 3). A striking
feature of infections was the thickening of the ear.
This thickening had two probable causes : firstly,
there was oedema and massive cellular infiltration
of the dermis, secondly, this was probably due
partly to expression of the growth factor (Buller et
al., 1988). The epidermis itself was denuded, in
some places (Fig.3 H). There were fibroplasias
(Fig.3 G). A specific bovine serum antibody
against PPV was used to detect infected cells in
IHC after the appearance of visible lesions;18"
day post experimental infection and viral antigens
were found in both epidermis and dermis (Fig.3
1J). In conclusion, we report successful isolation of
PPV in ECE by CAM route in 3-5 days only. On
the other hand we characterized a novel cutaneous
model of PPV infection that allows many facets of
pathogenesis and immunity to be examined.
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