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Abstract

Fowl pox virus belongs to genus avipoxvirus of the family poxviridae and cause a disease in chickens and other birds
characterized by the formation of proliferative lesions and scabs on the skin, and diphtheritic lesions in the upper parts
of the digestive and respiratory tracts. The virus replication occurs in the cytoplasm of the host cell and matured virion is
extremely resistant to environmental conditions. Its distribution is world-wide and significant problem for small-scale
and backyard flocks, as well as for intensive poultry commercial farming. The virus enters an epithelial cell and then
spread from cell to cell aided by the production of epithelial growth factors which causes proliferation of cells. The dis-
ease transmitted from infected host by direct contact or biting insects, particularly mosquitoes and arthropods. Confor-
mation suspected case was secured by virus isolation, serological test and molecular techniques. Fowl pox causes a tran-
sient drop in egg production and a reduced growth rate in birds and controlled by vaccination and following stable bio-

security based prevention.
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Introduction

Fowl pox is a disease of chickens and other birds caused by a DNA virus of the genus avipoxvirus of the family poxviridae [1].
The disease is often referred to as sore-head, canker, avian diphtheria, contagious epithelioma, or perhaps most commonly as
chicken-pox [2]. This viral infection causes nodule on the skin and mucous membrane of the digestive and respiratory tracts of
the chickens. It is a disease of economic importance listed by the world animal health organization and common in domestic

birds farming system. It can commonly cause drops in egg production or retarded growth in younger birds [3].

Fowl pox disease has a world-wide distribution and its incidence is variable in different areas because of differences in climate,
management and practice of regular vaccination [4]. Fowl pox has been controlled in developed countries. However, it is still a

problem in most developing countries including Ethiopia and result serious economic impact across the countries [5].

Fowl pox disease exit as cutaneous or diphtheritic form on the chickens. The cutaneous form, also called dry form of the dis-
ease is characterized by the appearance of nodular lesions on the comb, wattles, eyelids, and other non-feathered areas of the
body [6]. In the diphtheritic form (wet pox); slightly elevated white opaque nodules develop on the mucous membranes of the
digestive and respiratory tracts of the chickens. The nodule on the mucous membranes rapidly increases in size to become a yel-

lowish diphtheritic membrane. Lesions occur on the mucous membranes of the mouth, oesophagus, larynx or trachea [7].

The Fowl pox virus (FPV) transmitted by direct contact with infected chickens or by indirect contact with contaminated equip-
ment or bedding [8]. It can also be spread by vectors, like mosquitoes (Culex and Aedes species). When infected mosquito with

FPV bites another chicken, it can transmit the virus to that bird [9].

A presumptive diagnosis of FPV can be made based on observing the gross lesions on the infected body [10]. Confirmation of
the cases is also accomplished by microscopic examination for the characteristic bollinger bodies. Virus isolation, serological re-

sults and polymerase chain reaction can furthermore be a means of confirming the disease [11].

Characteristic of Fowl Pox Virus
Morphology

The poxvirus genome contains a linear, double-stranded DNA molecule with a molecular size of 130-300 kbp. Fowl pox virus
is belongs to Poxviridae family, in genus Avipoxvirus, subfamily of Chordopoxvirinae [12]. The virion involves of an electron--
dense centrally located biconcave core or nucleoid with two lateral bodies in each concavity and surrounded by an envelope.
The genome molecular size is 288 kbp and encodes about 250 genes [13]. Most of the necessary genes are located in the central

part of the genome. The morphology of the FPV is brick shaped and measures about 330 x 280 x 200 nm [14].
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Figure 1: Schematic diagram of FPV

ScholArena | www.scholarena.com Volume 2 | Issue 1



3 Journal of Virology and Pathogens

Replication

The replication of FPV occurs in the cytoplasm of the host cell. The virus is adequately complex and acquired all the functions
essential for genome replication [15]. Fowl Pox virus gene expression and genome replication occur in enucleated cells, howev-
er maturation is blocked [16]. The viral receptors for are not known, but probably more than one on different cell types. Pene-
tration process is complex and may also involve more than one mechanism. Uncoating stage has two step, first there was remo-
val of the outer membrane, as the particle enters the cell and in the cytoplasm, the particle (minus its outer membrane) is addi-
tional uncoated and the core passes into the cytoplasm. After adsorption, penetration and uncoating, the virus followed to the

bio syntheses of new virus from precursor materials [17].

Replication of the virus begins between 12-24 hours. This is happened basically by viral enzymes associated with the core and is
divided into early and late gene phases. Early genes (account 50% of the genome) expressed before genome replication while
late genes expressed after genome replication [18]. The incomplete virion then enters the inclusion body vacuole (originated
from lipid granules of the cytoplasm) and there by obtains a membrane coat. The possible function of the inclusion body is to
afford a precursor material for the lipid coat of the virion [19]. Finally, the Fowl poxvirus released from the cell of by budding

process. The additional outer membrane of the virions was also obtained from the cell membrane [20].

Resistance to chemical and physical agents

Fowl pox is extremely resistant to environmental conditions. The virus can resist heat up to 100°C in for 5 minutes. It can also
survive drying for several months even at room temperature. It can be conserved for numerous years by freeze-drying [21]. The
virus can be destroyed at 60°c in 8 minutes or 35°c in 30-minutes. The keeping of the virus at 0oc-4°c in dried physical hold its
availability for 2-years [22]. The virus is inactivated by acetic acid (1%), bichloride mercury, ethyl alcohol 75-95% in 30 minutes
[23].

Epidemiology
Distribution

Fowl pox has long been recognized worldwide in chickens and known by distinctive dry, crusty, skin lesions, seen mostly on
non-feathered areas of the chickens [24]. Fowl pox virus remains a significant problem for small-scale and backyard flocks, as
well as for intensive poultry commercial farming. This infection is still prevalent in many poultry flocks, because the fowl pox

virus can remain alive in four up to ten years, which contaminate the environment [25].

In Ethiopia, the FPV, known by local names “Fentata” and common all over the country and considered as major threat for
Poultry production [26]. The greater economic loss in poultry production occurred by the disease in the country was due to
poor disease prevention and control program [27]. The disease outbreak reported at North Gondar, SNNP, Oromia, Addis Aba-
ba and other part of Ethiopia and caused high morbidity and mortality in chickens [28]. According to the poultry farmers,
19.5% of the cases signs recorded as eye-facial-head disease category were defined and scabby type of wound on featherless
body of the chickens. While 27.5% were responded as red brown discoloration and swelling of wattle and comb with deaths ob-

served [29].

Host range

Fowl Pox is viral disease of chickens, turkeys and other birds. The chicken and turkeys are considered as the only natural hosts

while the experimental hosts can be any of the avian spices [30]. The existence of FPV infection in pigeons, house sparrows and
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doves as experimental animals also reported [31].
Susceptibility

Chickens of all age groups are susceptible with FPV, but common cases observed at age of 3-5 months [32]. The study also ob-
served outbreaks in battery brooded chickens; he also reported the disease in 6-weekes old chicks with lesion on feet and legs.
There is also breed differences in susceptibility; chickens with large combs are more susceptible than those with small combs
[33].

Pathogenesis

Fowl pox virus enters an epithelial cell and then spread from cell to cell aided by the production of epithelial growth factors
which causes proliferation of cells. Some viruses enter the blood and cause viraemia and spread to internal organs [34]. In the
chicken inoculated intradermally, the virus was first detected in the skin at the inoculated site on day two post inoculation (PI)
and in the lung in day four followed by detectable viraemia on day five. In chickens, infected intratracheally, the virus was first
detected in lungs on day two (PI) followed by viraemia on day four (PI) [35]. Following the infection, the virus was detected
from liver, spleen, kidney and brain of birds. A virus was also isolated from an air sac and skin of affected birds. At necropsy
finding, initially affected birds had cloudy air sacs and patchy pneumonia. Histologically, the lungs had proliferative necrotiz-

ing bronchitis [36].

The studies on one day-old chick’s inoculation with FPV by the wing — web route, the virus is recovered from the inoculation
site two- days (PI); from trachea, heart, thymus, spleen, esophagus, crop and proventriculus, at four days (PI) and from the
brain 17 -days PI [37]. Vascular and cellular reactions studies using combination of histological and immunohistochemical
techniques in skin induced by FPV showed lymphocytes were identified by staining techniques [38]. In the leukocyte migration
test as early as 24 ~hours after inoculation, population of neutrophils’ and monocytes had been observed, and then they were

later replaced by dense accumulation of lymphocytes and mononuclear macrophages forming lymphoid nodules [39].

Transmission
Contact transmission

Fowl Pox Virus can be transmitted by direct contact between infected and susceptible birds. The virus is transmitted through
abraded or broken skin or the conjunctiva [40]. The virus is highly resistant to drying and may survive months to years in the
dried scabs but sensitive to heat, phenol and other disinfectants [41]. Indirect contact transmission of the FPV can also occur
via ingestion when food and water sources, feeders, cages, or clothing are contaminated with virus-containing scabs shed from
the lesions of an infected bird. Indirect transmission can also occur via inhalation of FPV infected feather debris and air-borne

particles [42].

Vector transmission

Mosquitoes are common mechanical vectors (there is no development of the virus inside the vector) transmitters of this dis-
ease. Culexpipiens and Aedesaegypti are capable of transmitting the disease from infected chickens [43]. Fowl pox virus is trans-
mitted when a mosquito feeds on an infected bird that has viremia or when a mosquito feeds on virus-laden secretions seeping
from a FPV lesion and then feeds on another bird that is susceptible to that strain of virus. A mosquito that fed on an infected
bird is able to keep the virus in her salivary glands for up to 8 weeks [44]. Poultry farms that were heavily infested by fleas there

were also transmission of viruses in which fleas may have acted as vectors in transmission of the virus [45].
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The time of appearance and magnitude of vector populations varies from year to year, depending on annual weather condi-
tions. This influences the appearance and severity of the disease in any given year [46]. Also some studies stated that incidence

of the disease may be highest rainfall months [47].

Economic Significance

Fowl-pox is still an important disease to be considered by poultry farm owner. Mortality from fowl-pox is seldom of economic
importance and it is low in healthy flocks but in laying flocks and in chickens in poor condition or under stress the disease may
assume serious proportions with mortality rates of 50% or even higher [48]. The mortality rate is also higher in the diphtheritic
form than in the cutaneous form, sometimes nearing 50% particularly in young chickens. The high rate of mortality may also
occur mainly due to secondary infections caused later to FPV infection [49]. The Morbidity caused by infection of FPV ranged
from 10-95%. The most critical loss from an outbreak of FPV is usually the loss of egg production in chickens, and the loss of

body weight in chickens. Further, fowl-pox in a flock of breeder turkeys and chickens may cause a marked drop in fertility [50].

Clinical Sign

The incubation period (IP) of the FPV varies from 4-14 days. The course of the disease is usually long, it takes 3-4 weeks, and
in case of complication it may prolongs to 8-9-weeks [51]. The disease exists in two forms; cutaneous (dry) and diphtheritic

(wet) forms. Both forms may exist at the same time on chickens [52].

Cutaneous or Dry Form

The cutaneous form is the most commonly observed Sign of the disease. This form is characterized by the appearance of cuta-
neous eruptions or wart like nodules on the unfeathered parts of chicken, (comb wattle, eyelid, feet, cloaca aperture and under
the wings) [53]. At first, the nodules appear as small, whitish foci which rapidly increase in size and become yellowish vesicle in
color as they develop. The vesicle is a result of the separation of the surface layer of the skin with the formation of pockets of wa-
tery fluid rich in multiplying virus. In some instances closely adjoining lesions may merge and the large developing lesions are
rough and gray or dark brown in color [54]. After about 2 weeks of development, the lesions may show area of inflammation at
their base and become hemorrhagic. The lesion then undergoes a process of desiccation and scar formation which may last for
another week or possible two weeks in uncomplicated cases the process ends with desquamation of the degenerated parts of the

epithelial layer [55].

If the dry scab is removed, a moist sero-purulent exudate is found underneath, covering a bleeding, granulating surface. The
specific process is often modified by the invasion of bacteria which propagate in the degenerated epithelium and may reach the

deeper layer of mucous membrane where they catalyze necrotic processes with the formation of fibrinous deposits.
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Figure 2: Dry form of FPV lesion [56]

Diphtheritic or Wet form

This type is not as common as the cutaneous form. The slightly elevated nodules begin on the mucous membrane of the
mouth, oesophagus, larynx or trachea as white and opaque. These processes rapidly increase in size, often coalescing to become
a yellowish, cheesy, necrotic material with the appearance of a pseudo membrane [57]. Diphtheritic membrane forms and may

restrict air intake and result in labored breathing and possible suffocation. For this reason, the mortality rate is higher in the
diphtheritic form than in the cutaneous form.

FieldCaseStudy-corm
.

Figure 3: Diphtheritic form of FPV [58]

Diagnosis
Clinical diagnosis

Clinical features of infected chickens show multiple skin lesions varying from papules to vesicles on unfeathered part of body.
Gross lesions in both the cutaneous and the diphtheritic forms, seen on live chickens and during necropsy, are usually suffi-
cient to suspect FPV infection [59]. However, these signs are sometimes not sufficient for definitive diagnoses of FPV infection
as other agents, such as papilloma virus and scaly leg mites show signs resemble to cutaneous form of the infection [60]. In addi-
tion to the above cases, mycotoxins may produce similar lesions in the skin [61]. A condition like candidiasis may give lesions
in the oral cavity similar to the diphtheritic form of FPV infection. Infectious laryngotracheitis characterized by the presence of

intranuclear inclusion bodies which is caused by a herpes virus also affect trachea of infected chickens should differentiated
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from the diphtheritic form of FPV. It is therefore, crucial to secure samples and confirm the viral etiology of the condition [62].

Laboratory diagnosis
Microscopic examination

Fowl pox virus multiplies in the cytoplasm of epithelial cells with the formation of large intracytoplasmic inclusion bodies
(Bollinger bodies) that contain smaller elementary bodies (Borrel bodies) [63]. The inclusions can be demonstrated in sections
of cutaneous and diphtheritic lesions by the use of haematoxylin and eosin (HE), acridine orange or giemsa stains. The elemen-
tary bodies can be detected in smears from lesions, for example by the gimenez method, it conducted by the following proce-

dures [64].

For smear preparation, place a drop of distilled water and the lesion (cutaneous or diphtheritic) on a clean slide. Then, prepare
a thin smear by pressing the lesion with another clean slide and rotating the upper slide several times. Air dry and gently fix the
smear over a flame. Stain the smear for 5-10 minutes with freshly prepared primary stain (8 ml stock solution of basic fuchsin
mixed with 10 ml of phosphate buffer3, pH 7.5, and filtered through Whatman filter paper No. 1.). Wash thoroughly with tap
water. Counterstain with malachite green (0.8% in distilled water) for 30-60 seconds. Wash the smear with tap water and then

dry. Examine the smear under oil immersion. The elementary bodies appear red and are approximately 0.2-0.3 pm in size [65].

Transmission electron microscopy (TEM) may also reveal definite proof of FPV infection, by demonstrating the typical
poxvirus morphology in infected bodies. FPV identification carried out by negative staining electron microscopy with 2% phos-

phor-tungstic acid (PTA) on infected cells [66].

Virus Isolation

Fowl pox virus can be isolated by inoculation clinical samples into embryonated chicken eggs or in cell cultures of avian origin
[67]. Approximately 0.1 ml of tissue suspension of skin or diphtheritic lesions, treated with the appropriate concentration of
antibiotics, is inoculated on to the chorioallantoic membranes (CAMs) of 9- to 12-day-old developing chicken embryos. Follow-
ing inoculation of the embryos with the contamination free sample the eggs are incubated at 37°C for 5-7 days, and then ex-
amined for focal white pock lesions or generalized thickening of the CAMs [68]. Another method of isolation of FPV requires
the excision and homogenization of clinical samples and inoculation of a homogenate supernatant onto a permissive cell cul-
ture, such as chicken embryo fibroblasts, chicken embryo kidney cells, chicken embryo dermis cells, or the permanent quail cell

line (QT-35). The infection of FPV is confirmed by observing formation of CPE within 4-6 days post inoculation [69].

Serological Tests

Cell-mediated immunity (CMI) and humoral immunity play an important role in FPV infections and routine use of the CMI
test is not convenient. Therefore, serological tests, such as virus neutralisation (VN), agar gel immunodiffusion (AGID), passive
haemagglutination and fluorescent antibody tests as well as the Enzyme-Linked Immunosorbent Assay (ELISA), are used to
measure specific humoral antibody responses against FPV [70]. The tests are time consuming, especially when carried out with
large numbers of sera, and sensitivity appears to be low except ELISA test [71]. There are six closely related strains of
avipoxvirus namely fowl pox, pigeon pox, quail pox, canary pox, psittacine pox, and ratite pox viruses [72]. Avian poxviruses
are antigenically and serologically distinguishable from each other, although there is cross-relationship. This cross reactivity

was observed passive haemagglutination and agar gel immunodiftusion [73].

Agar-Gel Immunodiffusion test: is a technique in which precipitating antibodies can be detected by reacting test sera against vi-

ral antigens. The antigen can be obtained by homogenisation of infected skin or CAM lesions as well infected cell cultures. The
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lysed suspension is centrifuged and the supernatant is used as antigen. Gel-diffusion medium is prepared with 1% agar, 8% sodi-
um chloride and 0.01% thiomersol. The viral antigen is placed in the central well and the test sera are placed in the peripheral
wells [74]. It is important to include a positive and negative control serum. The plates are incubated at room temperature. Pre-
cipitation lines develop in 24-48 hours after incubation of the antigen with antibody. The test is less sensitive than the ELISA)
[71]. In case of Passive Haemagglutination test, tanned sheep or horse red blood cells are sensitised with a partially purified
fowl pox viral antigen prepared from infected CAM:s or cells and incubated with biological samples to detect the presence of

corresponding antibodies [75].

Virus Neutralisation test (VNT): This test done after virus or serum interaction, the residual virus activity may be assayed in
embryonating chicken eggs or in cell cultures [76]. The assay detects antibody that is capable of inhibiting virus replication or
in other words, antibody that can neutralize virus infection. VNT is a specialized type of immunoassay because it does not de-
tect all antigen-antibody reactions. It only detects antibody that can block virus replication. This is significant because related
groups of viruses may share common antigens, but only a fraction of these antigens are targets of neutralizing antibody [77].

Neutralizing antibodies develop within 1-2 weeks of FPV infection [78].

Immunoperoxidase test: This one also be conducted for conformation and specific staining of cytoplasmic inclusions is
achieved, when horseradish-peroxidase-conjugated specific polyclonal antibody against fowl poxvirus is reacted with the hy-
drated sections of fowl pox-infected fixed tissues (CAM and skin) or cell culture [79]. The presence of the enzyme conjugate
bound to the virus-infected cells is detected by adding a substrate, such as diaminobenzidine or aminoethylcarbazole, then
oxidizing it in the presence of hydrogen peroxide which results in a reddish-brown color. The reaction is observed using a light

microscope or naked eye [80].

Immunofluorescence antibody test: Is used to reveal specific intracytoplasmic fluorescence in infected cells. This test is com-
monly used and involves two steps: the antibody against fowl pox virus is reacted with the antigen in the infected cells, followed

by a secondary fluorescein-isothiocyanate-labelled antibody against chicken gamma globulin (e.g. goat anti-chicken) [81].

ELISA test: Has been also developed to detect humoral antibodies to fowl pox virus. They are capable of detecting antibody
7-10 days after infection, but commercial kits for this test are not available [82]. ELISA is a faster and easier method to detect

antibodies against FPV with high sensitivity, particularly when large numbers of sera are to be tested [83].

Molecular techniques

Diagnosis of FPV infections is conducted by demonstrating the presence of the virus in infected tissue samples, by microscopic
examination or by serological assay. Demonstration of the virus in tissue samples can also carried out by isolation in cell cul-
tures or in embryonated chicken eggs. These approaches of diagnosis were costly and consume time [84]. Recently, the hy-
bridization of products obtained by the polymerase chain reaction (PCR) has been described the newly developed techniques
for diagnosis of the FPV infection [85]. This technique is based on the enzymatic amplification of a part of the viral genome by
means of thermostable DNA polymerase using specific primer [86]. A primer was used by PCR for the detection of FPV infec-
tion is 4b gene sequence of the FPV strain HP44 [87]. By repeated cycles of denaturation, annealing and extension it is possible
to amplify specific parts of DNA so that a few copies of DNA fragment accumulate to microgram quantities which can then be
readily visualized in gels electrophoresis running. The sensitivity and specificity can be enhanced further by hybridization after
southern transfers [88]. Restriction endonuclease analysis also is a useful method for comparing closely related DNA genomes

and can be used for comparison of field isolates and vaccine strains of fowl pox virus [89].

Prevention and Control
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Vaccination

Fowl-pox vaccination when properly carried out has proved highly successful in protecting chickens from the FPV. The vacci-
nation should have no protection for a bird on which fowl-pox lesions have started to develop [90]. There are two kinds of pox
vaccines that are available for poultry which are pigeon-pox vaccine and fowl-pox vaccine. Fowl-pox vaccine is the type that is
almost universally used [91]. The length of immunity following the use of pigeon-pox vaccine on chickens and turkeys is so
short (below six month) for such reason this type of vaccine is not recommended. However, in case of fowl pox vaccine the
length of immunity is long and stays for 6-12months and which is commonly used as prophylaxis against the FPV [92]. The
fowl-pox vaccine is produced in two different ways. The virus may be propagated on the chorioallantoic membranes of a grow-

ing chick embryo or cell culture of avian origin [93].

Bio-security based prevention

Biosecurity based plan to prevent the entry of FPV agent onto a farm is necessary to minimize the disease impacts. This preven-
tion strategy for fowl pox virus includes regulating vector transmission at the farm by controlling mosquitoes and other vector
population by using chemicals or avoiding the stagnant water around the farm [94]. Farm disinfection is also a critical part on
the preventing the spread of the FPV. It must be done correctly to kill disease organisms. This would include washing the farm
and area around the poultry houses thoroughly. This is followed by applying the disinfectant according the recommendations
of the manufacturer [95]. Finally, the house needs to remain empty for 2- 3 weeks prior to reintroducing chickens and the feed

that remained from the previous flocks must never be re used [96].

Outbreak control

During disease outbreak, affected bird should be segregated immediately and the remaining birds must be vaccinated at earliest
possible [97]. As in most viral infections, there is no specific treatment for FPV infections in birds. Available treatments include
the use of iodine-glycerin application on proliferating skin lesions to aid healing and antibiotics to control secondary bacterial

infections [98].
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Conclusion

Fowl pox virus categorized under Poxviridae family, in genus Avipoxvirus, subfamily of Chordopoxvirinae. The virus genome
contains a linear, double-stranded DNA molecule with a molecular size of 130-300 kbp. The virus causes disease of economic
importance for the poultry industry, and wild birds. The virus is adequately complex and acquired all the functions essential for
genome replication. The virus can resist heat up and can also survive drying for several months even at room temperature.
Fowl pox virus remains a significant problem for poultry commercial farming and can remain alive in four up to ten years,
which contaminate the environment and cause mortality and morbidity in chickens. The virus because huge economic loss and

this prevented by vaccination when properly carried out has proved highly successful in protecting chickens from the disease.

List of Abbreviations

CAMs Chorioallantoic Membranes

CFC Chicken Fibro Blast Cell

DNA Deoxyribonucleic Acid

ELISA Enzyme Linked Immune Sorbent Assay
FPV Fowl Pox Virus

Kbp Kilo Base Pairs

OD Optically Density

OIE Office of International des Epizootics
PBS Phosphate Buffered Saline

PCR Polymerase Chain Reaction

PI Post Inoculation

VNT Virus Neutralization Test

ScholArena | www.scholarena.com Volume 2 | Issue 1



11 Journal of Virology and Pathogens

References
1. MacLachlan N; Dubovi E (2011) Poxviridae. 4th ed. London; Boston: Academic Press. PP.157-160.

2. Jarmin S; Manvell R; Gough R; Laidlaw M; Skinner M (2006) Avipoxvirus phylogenetics: identification of a PCR length poly-

morphism that discriminates between the two major clades. Journal of General Virology 87: 2191-2201.
3. OIE (2016) Fowl pox. In: Manual of Diagnostic Tests and Vaccines for Terrestrial Animals.

4. Tripathy N; Reed M; Swayne D (2013) Diseases of Poultry. In: Saif YM; Barnes HJ; Glisson JR; Fadly AM; McDougald LR;
Swayne DE (eds). Diseases of Poultry. Iowa State University Press, USA. PP.333-349.

5. Adene D; Fatumbi O (2004) Case Review and Lesson on Poultry Diseases Control in South West Nigeria. In Poultry Health
and Production: Principles and Practice. Stirling Horden Publisher 1: 191-200.

6. Black A; Soncini R; Ruthes O; Madureira S; Flores R (1995) An Atypical Fowl Pox Outbreak in Broilers in Southern Brazil.
Avian Diseases 39: 902-906.

7. Tripathy D; Reed W (2008) Avian pox. In: Diseases of Poultry. 12th ed. Iowa State University Press, USA. PP.291-307.

8. Metz A; Hatcher L; Newman J; Halvorson D (1985) Venereal pox in breeder turkeys in Minnesota. Avian Diseases 29:
850-853.

9. Akey B; Nayar J; Forrester D (1981) Avian pox in Florida wild turkeys: Culex nigripalpus and Wyeomyia vanduzeei as experi-
mental vectors. Journal of Wildlife Diseases 17: 597-599.

10. Oros J; Rodriguez J; Rodriguez C; Bravo A; Fernandez I (1997) Debilitating cutaneous pox virus infection in Hodgson's

Grandala (Grandala coelicolor). Avian Diseases 41: 481-483.
11. George W (2003) Microbiology Laboratory. Glencoe Press, USA. PP.327-340.

12. Afonso C; Tulman E; Lu Z; Zsak L; Kutish G; Rock D (2000) The genome of fowl pox virus. Journal of Virology 74:
3815-3831.

13. OIE (2018) OIE Terrestrial Manual. Fowl pox. PP.906-913.
14. Pradhan B (1996) Pox Virus Bioinformatics Resource Center. Virology: Virus Replication
15. Fenner E (1968) The Biology of Animal Viruses. 2nd ed. Academic Press, New York. PP.597-609.16.

16. Yamaguchi T; Kaplan S; Wakenell P; Schat K (2000) Trans activation of latent Marek's disease herpesvirus gene in QT35, a
quail fibroblast cell line, by herpesvirus of turkeys. Journal of Virology 74: 10176-10186.

17. Hatano Y; Yoshida M; Uno F; Yoshidam S; Osafune N; et al. (2001) Budding of fowl pox and pigeon pox viruses at the sur-
face of infected cells. Journal of Electron Microscope 50: 113-124.

18. Cunningham C (1973) Immunological Methods in Avian Research. Neutralization Test. Avian Diseases 16: 213-226.

ScholArena | www.scholarena.com Volume 2 | Issue 1



12 Journal of Virology and Pathogens

19. Weli S; Nilssen @; Traavik T (2004) Morphogenesis of fowl pox virus in a baby hamster kidney cell line. Medical Electron
Microscope 37: 225-235.

20. Alan C (1997) Mitchell D. UNAIDS Issues Guidelines on HIV Vaccine Research.
21. Andrews C; Pereira H; Wildy P (1978) Viruses of Vertebrates. 4th ed. London: Bailliere Tindall. PP.356-389.

22. Merchant I; Packer R (1971) The pox viruses. In: Veterinary Bacteriology and Virology. 7th ed. USA: Iowa State University
Press. PP.610-621.

23. Graham R; Brandly G (1940) Immunization against pox in domestic fowl. Agriculture Experiment Bulletin 1: 470-479.
24. Skinner M; Laidlaw M (2009) Advances in fowl pox vaccination. CAB Reviews: Veterinary Science 4: 1-10.

25. Vegad ] (2008) Poultry Diseases: A Guide for Farmers and Poultry Professionals. 2nd ed. International Book Distributing
Co., India. PP.38-42.

26. Wubet W; Bitew M; Mamo G; Gelaye E; Tesfaw L et al. (2019) Evaluation of inactivated vaccine against fowl cholera devel-

oped from local isolates of Pasteurella multocida in Ethiopia. African Journal of Microbiology Research 13: 500-509.

27. Mazengia H; Siraw G; Nega M (2012) Challenges and prospects of village-based exotic chicken development strategy in
Ambhara Regional State, Northwest Ethiopia. Frontiers of Agriculture Research 12: 45-61.

28. Kebede H; Melaku A; Kebede E (2014) Constraints in animal health service delivery and sustainable improvement alterna-

tives in North Gondar, Ethiopia. Onderstepoort Journal of Veterinary Research 81: 1-10.

29. Yohannes A; Gobena A; Girmay M; Balako G; Yohannes H; Barbara W (2020) Poultry disease occurrences and their im-
pacts in Ethiopia. Tropical Animal Health 1: 53-54.

30. Singh P; Kim J; Tripathy N (2000) Re-emerging fowl pox: evaluation of isolates from vaccinated flocks. Avian Pathology 29:
449-455.

31. Saif E; El-Ballal S (1997) Epidemiological and Ultrastructural Studies on Pigeon Pox in Upper Egypt, Assiut. Veterinary
Medicine Journal 73: 68-85.

32. Pearson G; Pass D; Beggs E (1975) Fatal pox infection in a Rough-legged Hawk. Journal of Wildlife Diseases 11: 224-228.
33. Johnson B; Castro A (1986) Canary pox causing high mortality in an aviary. Virology 78:353-366.

34. Minbay A; Kreier J (1973) Experimental studies on the pathogenesis of fowl pox infection in chickens. Avian Diseases
17:532-539.

35. Johnson B; Castro A (1986) Canary pox causing high mortality in an aviary. Virology 78: 353-366.

36. Carulei O; Douglass N; Williamson A (2009) Phylogenetic analysis of three genes of Penguin pox virus corresponding to
Vaccinia virus G8R (VLTF-1), A3L (P4b) and H3L reveals that it is most closely related to Turkey pox virus, Ostrich pox virus
and Pigeon pox virus. Journal of Virology 6: 52-43.

ScholArena | www.scholarena.com Volume 2 | Issue 1



13 Journal of Virology and Pathogens

37. Niraj K; Sidduge M; Hossian M; Islam M; Hyung J; Song H (2007) Immune response and efficacy of pigeon pox virus

vaccine and fowl pox virus vaccine in chickens. Korean Journal of Veterinary Service 30: 497-503.

38. Singh P; Mohanty G; Katarina J (1992) Vascular and cellular reactions in quail skin induced by fowl pox virus. International

Journal of Veterinary Pathology 16: 1-5.39.

39. Tadese T; Potter E; Reed W (2003) Development of a mixed antigen agar gel enzyme assay (AGEA) for the detection of anti-

bodies to poxvirus in chicken and turkey sera. Journal of Veterinary Medical Science 65:255-258.
40. Pattison M; McMullin B; Alexander D (2008) Poultry Diseases. 6th ed. India: Elsevier. PP.333-339.

41. Mandal Y; Johri P (2004) Nutrition and Disease Management of Poultry. 1st ed. India: International Book Distributing Co.
PP.276-278.

42. Samour J (2004) Avian Medicine. 3rd ed. China: Elsevier. PP.266-269.
43. Jordan M; Alexander F; Faraghe D (1996) Poultry Disease. 5th ed. China: Elsevier. PP.356-358.

44. Smits J; Tella J; Carrete M; Serrano D; Lopez G (2005) An epizootic of avian pox in endemic short-toed larks (Calandrella
rufescens) and Berthelot's pipits (Anthus berthelotti) in the Canary Islands, Spain. Veterinary Pathology 42:59-65.

45. Mohan M; Fernandez T (2008) A Case Report of Pigeon Pox-Histopathology Diagnosis. Veterinary Dispensary 1: 117-118.

46. Bailey T; Silvanose C; Manvell R; Gough R; Kinne J; Combreau O; Launay F (2002) Medical dilemmas associated with reha-
bilitating confiscated houbara bustards (Chlamydotis undulata macqueenii) after avian pox and paramyxovirus type 1 infec-

tion. Journal of Wildlife Diseases 38: 518-532.

47. Docherty D; Long E; Flickinger N; Locke E (1991) Isolation of poxvirus from debilitating cutaneous lesions on four imma-

ture grackles (Quiscalus sp.). Avian Diseases 35: 244-247.

48. Dickinson E (1942) Fowl-pox in Domestic Poultry. Oregon State System of Higher Education Agricultural Experiment Sta-
tion, Oregon State College, Corvallis. Station Bulletin 411.

49. Rossi G; Gary D; Butcher F (2015) Prevention and Control of Fowl Pox in Backyard Chicken Flocks.

50. Young L; Vander W (2008) Prevalence of Avian Poxvirus and Effects on the Fledging Success of Laysan Albatross. Field Or-
nithology 79: 93-98.

51. Singh P; Kim J; Tripathy N (2000) Re-emerging fowl pox: evaluation of isolates from vaccinated flocks. Avian Pathology 29:
449-455.

52. Njue S; Kasiiti J; Macharia J; Gacheru S; Mbugua H (2002) Health and management improvements of family poultry pro-
duction in Africa - survey results from Kenya. In: Characteristics and Parameters of Family Poultry Production in Africa.
IAEA 1:39-45.

53. Gyuranecz M; Foster T; Dan A; Egstad K; Parker P; Higashiguchi J; Skinner M; Hofle U; Erdelyi K (2013) Worldwide phylo-

genetic relationship of avian poxviruses. Journal of Virology 87: 4938-4951.

ScholArena | www.scholarena.com Volume 2 | Issue 1



14 Journal of Virology and Pathogens

54. Kim T; Tripathy D (2006) Evaluation of pathogenicity of avian poxvirus isolates from endangered Hawaiian wild birds in

chickens. Avian Diseases 50: 288-291.
55. Samour J (2004) Avian Medicine. 3rd ed. China: Elsevier. PP.266-269.
56. Pledger A (2005) Avian poxvirus Infection in a Mourning Dove. Canadian Veterinary Journal 46: 1143-1145.

57. Singh P; Schnitzlein W; Tripathy N (2003) Reticuloendotheliosis virus sequences within the genomes of field strains of fowl
pox virus display variability. Journal of Virology 77: 5855-5862.

58. Tripathy N; Reed M (2003) Poxvirus. In: Saif YM; Barnes HJ; Glisson JR; Fadly AM; McDougald LR; Swayne DE (eds). Dis-
eases of Poultry. Jowa State University Press, USA. PP.253-269.

59. Pennycott T (2003) Scaly leg, papillomas and pox in wild birds. Veterinary Research 1:152-154.61.
60. Boulanger D; Smith T; Skinner M (2000) Morphogenesis and release of fowlpox virus. Avian Diseases 81:675-687.
61. Riper C; Forrester D (2007) Avian pox. 1st ed. USA: Blackwell Publishing. PP.357-397.

62. Bollinger O (1873) Ueber Epithelioma contagiosum beim Haushuhn und die sogenannten Pocken des Geflugels. Archiv fur
Pathologische Anatomie und Physiologie und fur Klinische Medizin 58:349-361.

63. Oros J; Rodriguez J; Rodriguez C; Bravo A; Fernandez I (1997) Debilitating cutaneous pox virus infection in Hodgson's
Grandala (Grandalacoelicolor). Avian Diseases 41: 481-483.

64. OIE (2008) Terrestrial Manual. Fowl pox. PP.531-537.

65. Weli S; Nilssen @; Traavik T (2004) Morphogenesis of fowl pox virus in a baby hamster kidney cell line. Medical Electron
Microscope 37: 225-235.

66. Holt G; Krogsrud J (1973) Pox in wild birds. Acta Veterinaria Scandinavica 14: 201-203.
67. Cox W (1980) Avian pox infection in a Canada goose (Branta canadensis). Journal of Wildlife Diseases 16:623-626.

68. Ghildyal N; Schnitzlein W; Tripathy D (1989) Genetic and antigenic differences between fowl pox and quail pox viruses.
Archives of Virology 106:85-92.

69. Baxi M; Oberoi M (1999) Comparative evaluation of cell culture-adapted and chicken embryo-adapted fowl pox vaccine

strains. Avian Diseases 43: 16-21.

70. Smits J; Tella J; Carrete M; Serrano D; Lopez G (2005) An epizootic of avian pox in endemic short-toed larks (Calandrella
rufescens) and Berthelot's pipits (Anthus berthelotti) in the Canary Islands, Spain. Veterinary Pathology 42: 59-65.

71. Jacob J; Butcher G; Mather F (1998) Vaccination of small poultry flocks. University of Florida, Cooperative Extension Ser-
vice, Institute of Food and Agricultural Sciences PP.49-67.

72. Uppal P; Nilakantan P (1970) Studies on the serological relationship between avian pox, sheep pox, goat pox and vaccine

viruses. Journal of Hygiene 68: 349-358.

ScholArena | www.scholarena.com Volume 2 | Issue 1



15 Journal of Virology and Pathogens

73. Winterfield R; Hitchner S (1965) The response of chickens to vaccination with different concentrations of pigeon pox and

fowlpox viruses. Avian Diseases 9: 237-241.

74. Tripathy N; Hanson L; Myers L (1970) Passive hemagglutination test with fowlpox virus. Avian Diseases 14: 29-38.
75. Morita C (1973) Studies on fowl pox viruses. II. Plaque-neutralization test. Avian Diseases 17: 93-98.

76. Susan P (2017) Viruses. 1st ed. Texas, USA: Academic Press. PP.61-71.

77. Melissa A; Bourgeois J; Lindsay O (2014) Laboratory Diagnosis of Viral Infections. 2nd ed. London: Bailliere Tindall.
PP.132-140.

78. Tripathy N; Hanson L; Killinger H (1973) Immunoperoxidase technique for detection of fowl pox antigen. Avian Diseases
17:274-278.

79. Marie L; Landrya G; Hsiung D (1999) Encyclopedia of Virology. 2nd ed. London: Elsevier Applied Sciences. PP.95-344.

80. Kim T; Tripathy D (2001) Reticuloendotheliosis virus integration in the fowl pox virus genome: not a recent event. Avian
Diseases 45: 663-669.

81. OIE (2018) OIE Terrestrial Manual. Fowl pox. PP.906-913.

82. Sadasiv E; Chang P; Gulka G (1985) Morphogenesis of canary poxvirus and its entrance into inclusion bodies. American
Journal of Veterinary Research 46: 529-535.

83. Van Kammen A; Spradbrow P (1976) Rapid diagnosis of some avian virus diseases. Avian Diseases 20:748-751.

84. Offerman K; Carulei O; Gous T; Douglass N; Williamson A (2013) Phylogenetic and histological variation in avipoxviruses
isolated in South Africa. Journal of General Virology 94: 2338-2351.

85. Saiki K; Gelfand H; Stoftel S; Sharf J; Higuchi R; et al. (1988) Primer-directed enzymatic amplification of DNA with ther-
mostable DNA polymerase. Science 239: 487-491.

86. Binns M; Boursnell M; Tomley F; Campbell J (1989) Analysis of the fowl poxvirus gene encoding the 4b core polypeptide

and demonstration that it possesses efficient promoter sequences. Virology 170 288-291.

87. Kaneko S; Miller H; Feinston M; Unoura M; Kobayashi K; et al. (1989) Detection of serum hepatitis B virus DNA in pa-
tients with chronic hepatitis using the polymerase chain reaction assay. Proceedings of the National Academy of Sciences 86:
312-316.

88. Ghildyal N; Schnitzlein W; Tripathy D (1989) Genetic and antigenic differences between fowl pox and quail pox viruses.
Archives of Virology 106: 85-92.

89. Mann B; Huang J; Li P; Chang H; Slee R; Kaplan M (2008) Vaccinia virus blocks Statl-dependent and Statl-independent
gene expression induced by type I and type II interferons. Journal of Interferon & Cytokine Research 28: 367-380.

90. Doyle T (1930) Immunisation of fowls against fowl pox by means of pigeon pox virus. Journal of Comparative Pathology

43: 40-45.

ScholArena | www.scholarena.com Volume 2 | Issue 1



16 Journal of Virology and Pathogens

91. Wang J; Meers J; Spradbrow P; Robinson W (2006) Evaluation of immune effects of fowlpox vaccine strains and field iso-

lates. Veterinary Microbiology 116: 106-119.

92. Boyle D; Anderson M; Amos R; Voysey R; Coupar B (2004) Construction of recombinant fowlpox viruses carrying multiple

vaccine antigens and immunomodulatory molecules. Biotechnology 37: 104-111.

93. Rocke T; Converse K; Meteyer C; McLean B (2005) The impacts of disease in the American White Leghorn. Avian Diseases
120: 79-85.

94. Njagi LW; Mbuthia P; Bebora L; Nyaga P; Minga U; Olsen J (2005) A study on effectiveness of seven disinfectants against
possible bacterial contaminants of coops and premises inhabited by indigenous chickens and ducks. The Kenyan Veterinarian
29:113-118.

95. Bizimenyera E; Nyaga P; Oloya J (2004) In-vitro disinfectant sensitivity tests on bacteria isolated from commercial poultry

hatcheries in Kenya. Bulletin of Animal Health and Production in Africa 52:271-274.
96. Riper C; Forrester D (2007) Avian pox. 1st ed. USA: Blackwell Publishing. PP.357-397.
97. Van H (1929) Handbuch der Geflugelkrankheiten und der Geflugelzucht. Stuttgart: Ferdinand Enke Verlag 1: 230-262.

98. Riper C; Forrester D (2006) Avian Pox. Infectious Diseases of Wild Birds 6: 131-176.

ScholArena | www.scholarena.com Volume 2 | Issue 1





