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Abstract: Avipoxviruses (APVs) are among the most complex viruses that infect a wide range of birds’ 

species. The infection by APVs is often associated with breathing and swallowing difficulties, reduced 

growth, decreased egg production, and high mortalities in domestic poultry. In the present study, 200 

cutaneous nodular samples were collected from different avian species (chicken, pigeon, turkey, and 

canary) suspected to be infected with APVs from Dakahlia Governorate, Egypt. Pooled samples (n = 40) 

were prepared and inoculated in embryonated chicken eggs (ECEs). APVs were then identified by 

polymerase chain reaction (PCR) and sequence analysis of the APV P4b gene. Furthermore, the forty 

strains of APVs were screened for the presence of reticuloendotheliosis virus (REV)-5’LTR in their 

genomes. Interestingly, the phylogenic tree of the APV P4b gene was separated into 2 clades: clade 1, in 

which our fowlpox virus (FWPV), turkeypox virus (TKPV), and canarypox virus (CNPV) isolates were 

grouped, along with reference FWPVs and TKPVs retrieved from GenBank, whereas, in clade2, the 

pigeonpox virus (PGPV) isolate was grouped with PGPVs retrieved from GenBank. Likewise, 

REV-5’LTR was amplified from 30 strains isolated from chicken, turkey, and canary, while PGPV 

strains were free from REV-5’LTR integration. To the best of our knowledge, this study involved the 

detection and characterization of REV-5’LTR insertions in the APVs field isolates in Egypt for the first 

time. Given the above information, further future research seems recommended to understand the 

impact of the resulting REV-5’LTR insertions on the pathogenesis, virulence, and inadequate vaccine 

protection against APVs. 
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1. Introduction 

Avipoxviruses (APVs) are a group of mosquito-borne viruses of the genus Avipoxvirus that belong 

to the family Poxviridae, subfamily Chordopoxvirinae (ChPV) [1,2]. This family of viruses (Poxviridae) 

comprises a number of zoonotic pathogens that possess public health concerns [3]. According to the 

Statutes of International Committee on the Taxonomy of Viruses (ICTV), APVs are divided into twelve 

species that got their names based on the bird species from which the virus was isolated and 

characterized, such as fowlpox virus, pigeonpox virus, turkeypox virus, and canarypox virus that were 

isolated from chickens, pigeons, turkeys, and canaries, respectively [2,4,5]. Importantly, APVs infections 

can result in huge economic burdens that target the poultry industry represented by a reduction in 

growth and egg production. Furthermore, APVs possess obvious oncogenic properties and result in a 

considerable increase in the mortality rate, particularly under stress conditions [4,6–8]. 

It is noteworthy to state that APV infections occur in three forms: dry form (cutaneous), wet form 

(diphtheritic), and systemic form, in which different body systems are involved [9,10]. In the cutaneous 

form, the proliferative lesions appeared as papules, which develop to nodules, then wart-like masses, 

which harden and form scabs on unfeathered skin areas, especially combs and wattles [4,11–14]. 

Regarding the diphtheritic form, opaque white necrotic fibrous proliferative slightly elevated nodules 

are frequently developed, then rapidly increase in size and form a yellowish diphtheritic membrane on 

the mucous membranes of the upper digestive and upper respiratory tracts [4,11–14]. In accordance with 

its epidemiological pattern, APVs are transmitted by aerosols and insect bites, mainly mosquitoes and 

arthropods, while the epidemiological profile of the disease includes domestic poultry, pets, and many 

species of wild birds [4,8,15,16]. The control of the disease is mainly based on hindering the transmission 

and vaccination of susceptible birds [15,16]. 

Importantly, APVs genome comprises a 260 to 365-Kbp double-stranded (ds)DNA genome with 

more than 250 putative genes. APVs replicate in the cell cytoplasm, with ChPV common regulatory 

elements for gene expression [17]. APVs genomes exhibit large-scale genomic rearrangements, more 

extensive gene families, and novel host range genes in comparison with other members of ChPV 

[4,16,17]. Although, there is a serologic cross-reactivity and antigenic relationship between APVs, a major 

difference exists in their host specificity and pathogenicity [7,18,19]. Taken into account the scarcity of the 

information about APV phylogeny and the difficulty in identifying the pan-genus for amplifying 

different genes, the APV P4b core protein gene, which encodes for 75.2 kDa protein, is mostly used for 

the molecular detection and comparative genetic analysis of APVs, as the P4b gene is a highly conserved 

gene in different APV species [20–24]. 

On the other hand, the reticuloendotheliosis virus is a neoplastic, immunosuppressive avian 

retrovirus. Over 50 years ago, researchers detected the reticuloendotheliosis virus sequence integration in 

the fowlpox virus (FWPV), pigeonpox virus (PGPV), and turkeypox virus (TKPV) genomes [25–27]. Full 

infective reticuloendotheliosis virus (REV) provirus integration in poxvirus genomes has been associated 

with immunosuppression, virulence enhancement, and the dissemination of REV, which occurs as a 

consequent exacerbated progression of the disease [25,28]. In spite of REV provirus integration in most 

field strains of fowlpox virus (FWPV), vaccine strains only contain long terminal repeats remnants [26]. 

The integration of infectious REV Provirus and LTR sequences only occur at a definite location in the 

FWPV genomes, which is exactly between the FWPV201 and FWPV203 genes, while the FWPV202 gene 

was mainly encompassed by the LTR sequences [29]. It has been reported that the FWPV vaccines are the 

cause of REV provirus retention in fowls, but some researchers disagree with this hypothesis, since REV 

integration was detected in the FWPV genome before the wide spread of the FWPV vaccine in poultry 

[30]. It is noteworthy to state that several previous studies across the world detected REV sequences 

integrated in the genomes of field and vaccine strains of FWPV, PGPV, and TKPV [16,17,31–43]. Still, no 

REV full or partial LTRs have never seen integrated in canarypox viruses (CNPVs) [16,17,31–37]. 
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Taken into account, the acquired retroviral genes expression can alter the host’s biological 

properties and results in a new modified virus emergency and the currently used vaccines, which in turn 

leads to inadequate protection and sometimes causes recurring infections [38,39,44]. It should be 

stressed that FWPV strains carrying REV sequences are more pathogenic to poultry [45]. Although 

several studies have been conducted on APVs in Egypt [44,46–49], little is yet known about the 

integration of REV in the genome of APV field isolates in our country. To our knowledge, only one 

study has explored REV as a contaminant of fowlpox vaccines in Egypt [37]. Taken together, the 

present study targets the molecular identification and differentiation between APVs from different 

hosts (chickens, turkeys, pigeons, and canaries), depending on the P4b gene. Our study also 

involved the molecular detection of REV-5’LTR insertions in the genome of field strains of APVs 

infecting different avian species in Egypt. 

2. Material and Methods 

2.1. Ethical Consideration 

Ethical approval was obtained from a guidance of Research, Publication, and Ethics of the 

Faculty of Veterinary Medicine, Mansoura University, Egypt, which complies with all relevant 

Egyptian legislations. 

2.2. Study Area, Samples Collection, and Preparation 

Clinical samples of proliferative cutaneous nodular lesions (n = 200) were collected from 

different avian species, including chickens, pigeons, turkeys, and canaries from Dakahlia 

Governorate, Egypt during the period from January to December 2017. These samples were 

collected from birds suspected to be infected with APVs (Table 1). 

Table 1. Details of collected samples, including host, breed, number of collected samples, 

vaccination, morbidity, mortality rates, and lesion distributions. 

Host Chicken Pigeon Turkey Canary 

Breed(s) White leghorn 
Egyptian 

Swift 
Bronze Turkey 

white canary and 

yellow canary 

No. of 

collected 

samples 

10 10 10 

10 

(6 white canaries, 4 

yellow canaries) 

Vaccination 

4/10 vaccinated 

6/10 not vaccinated 

 

Not 

vaccinated 
Not vaccinated Not vaccinated 

Morbidity rate 70–100% 80–100% 80–100% 75–100% 

Mortality rate 0–25% 15–30% 0–20% 20–50% 

Pox lesions 

distribution 

Legs, wings, comb, 

wattles, and head, 

especially around the eye 

on the head 

and wings 

on the head, under 

the wings, and vent 

areas 

All over the body, 

especially on the head 

and wings 

Taken into consideration, the sampling and samples size were performed according to a 

protocol carried out by Cannon and Roe (1982) [50]. Each five nodular samples from the same bird were 

pooled together. Forty pooled samples were created (10 chicken, 10 pigeon, 10 turkey, and 10 canary 

samples). The control negative sample was included and pooled from the skin of 5 normal chickens. 

Collected cutaneous samples were then homogenized with phosphate-buffered saline (PBS) containing 

antibiotics (penicillin 50 IU and streptomycin 50 µg per ml) in sterile mortar, and 10% (W/V) 

suspensions were prepared. Then, suspensions were centrifuged for 15 min at 4000 rpm in cooling 

centrifuge, and supernatants were collected and confirmed to be free from REV coinfection by real-time 

PCR, as previously described [51], then stored at −20 °C until use for APV isolation [22,52]. 
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2.3. Standard FWPV 

The standard FWPV was the DECP25 strain of the FWPV vaccine (Diftosec, MERIAL,Athens 

GA, USA, Batch no: L450985). Each vial contained 106 TCID50 FWPV, which reconstituted in 5-ml 

PBS and was used as a control positive in PCR. 

2.4. Embryonated Chicken Eggs (ECEs) 

Nine-day-old SPF ECEs were purchased from Egyptian S.P.F. Eggs Production Farm (Nile 

SPF), Fayoum, Egypt. At day 10, twenty eggs were randomly selected and confirmed to be free 

from vertically transmitted REV contamination by real-time PCR, as previously described 

elsewhere [51]. 

2.5. Virus Isolation 

The supernatant fluid from each sample was inoculated into 11-day-old REV-free SPF ECE (0.2 

mL/ECE) via the chorioallantoic membrane (CAM) route. Inoculated eggs were incubated for 6 

days at 35 °C; then, the CAMs were collected and examined for specific pock lesions, followed by 

the collection of CAMs containing pock lesions. A single separate pock was then picked from the 

CAM from each sample, homogenized with PBS, centrifuged, and the supernatant fluids were 

stored at −20 °C until their use in PCR [22]. 

2.6. Molecular Detection of the Isolated Virus 

2.6.1. DNA Extraction 

QIAamp® MinElut® Virus Spin Kit (QIAGEN, GmbH, Hilden Germany) was used for the 

extraction of DNA from 40 tested isolates (homogenates from separate pock lesions) using control 

negative (uninfected chicken skins) and control positive samples (FWPV DECP25 strain), according 

to the kit’s guidelines. Briefly, 200 µL of supernatant fluid from each isolate was added to 20-µL 

proteinase K enzyme; then, 200 µL of lysis buffer was added and mixed by pulse vortex for 10 s. 

The mixture was incubated at 56 °C for 15 min; then, 200 µL of pure ethanol was added, and the 

mixture was incubated at room temperature for 5 min. The mixture was then loaded in the spin 

column; centrifuged for 1 min at 8000 rpm; and washed 3 times with washing buffer 1, washing 

buffer 2, and pure ethanol (500 µL each). The membranes were then dried well by centrifugation at 

12,000 rpm for 2 min, then incubated with an opened lid at 56 oC for 5 min. The viral DNA was then 

eluted with 50-µL elution buffer in DNase/RNase-free Eppendorf. 

2.6.2. Polymerase Chain Reaction 

Two PCR protocols were applied: the first protocol was used for the detection of APVs by 

amplification of the Avipoxvirus P4b core protein gene (fpv167 locus). The other PCR protocol was 

used for the detection of REV integration through the amplification of APV genome regions 

flanking the REV-5’LTR integration site. Taken into consideration, REV integration was detected 

with REV-FWPV heterologous primer pair with forward primer that annealed to the FWPV 201 

gene at nucleotide no. 231,521 to 321,540 and reverse primer that annealed to REV 5’ LTR at 

nucleotide no. 231,874 to 231,891 of the reference APV MH719203/TKPV SD15-670.1 isolate [32]. 

Both PCR protocols were done with the extracted DNA from separate pock lesions homogenates of 

40 tested isolates (10 FWPV, 10 PGPV, 10 TKPV, and 10 CNPV). The PCR protocols were performed 

using two sets of primers according to protocols previously described elsewhere [53,54]. These 

primers were obtained from Metabion International AG, Planegg, Germany and are shown in Table 

2. The reaction mixture included 25-µL Dream Taq Green PCR Master Mix (2X) (Thermo Scientific, 

Waltham, MA, USA), 4-µL DNA, 1-µL (10-pmol) forward and reverse primers for each gene, and 

nuclease-free water up to 50 µL. A control positive (FWPV DECP25 strain) and a control negative 

(noninfected chicken) reaction were included in each cycle. 
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The PCR protocol was performed in a thermal cycler (Biometra T-Gradient, Göttingen, 

Germany) as follows: a single cycle of initial denaturation at 94 °C for 2 min, followed by 25 cycles 

of denaturation at 94 °C/1 min, annealing at 61 °C (in the case of the P4b gene) or 52 °C (for 5’ LTR) 

for 1 min, and the reaction was completed by a final extension at 72 °C for 1 min, with a final 

incubation step at 72 °C for 10 min. Then, 1.5% agarose gel in 0.5% ((Sigma-Aldrich, Cairo, Egypt) 

Tris-Borate EDTA buffer (Sigma-Aldrich, Cairo, Egypt) was used for separation of the PCR 

products with a 100-bp DNA ladder (Jena Bioscience, Jena, Germany). DNA bands were visualized 

with a UV transilluminator. 

Table 2. Details of the two sets of primers that were used for amplification of the APV P4b gene and 

REV 5’LTR. 

Primer Sequence (5’– 3’) Direction Target 
Product Size 

(bp) 
Reference 

APV P4b 

forward 
CAGCAGGTGCTAAACAACAA 

APV-P4b 

gene 
578 [53] 

APV P4b reverse CGGTAGCTTAACGCCGAATA    

REV 5’LTR 

forward 
ACCTATGCCTCTTATTCCAC REV-5’LTR 370 [54] 

REV 5’LTR 

reverse 
CTGATGCTTGCCTTCAAC    

2.7. Sequencing of APV P4b Gene and REV 5’LTR 

Four PCR products represent the positive samples from each APV type (a total of 16 samples) 

and were selected for nucleotide sequencing. These samples were selected based on the intensity of 

the band of the PCR product in the gel and from flocks with high mortality rates (20–50%). 

Nucleotide sequencing was on amplified DNA from both field samples and viruses’ isolates. The 

amplified DNA bands of the APV P4b gene (578 bp) and REV 5’LTR (370 bp) were then excised and 

purified from the gel with QIAquick PCR gel purification kit (Qiagen Inc., Valencia, CA, USA) 

according to the kit’s guidance. The purified PCR products were then transported to Macrogen 

Clinical Laboratory (Korea) for DNA sequencing (bidirectional) using the same primer sets used in 

the conventional PCR. The obtained nucleotide sequences (Table 3) were deposited in the GenBank 

(http://www.ncbi.nlm.nih.gov/Genbank). 

Table 3. Details of the APV P4b gene and REV 5’LTR DNA sequences, including virus species, host, 

isolate, and accession numbers of the P4b gene and REV-5’LTR nucleotide sequences. FWPV: 

fowlpox virus, PGPV: pigeonpox virus, TKPV: turkeypox virus, and CNPV: canarypox virus. 

Virus Species Host Isolate 
P4b gene 

Accession Number 

REV-5’LTR 

Accession Number 

FWPV Chicken mans17F MT219995 MT251362 

PGPV Pigeon mans17P MT219996 ------------- 

TKPV Turkey mans17T MT219997 MT251363 

CNPV Canary mans17C MT219998 MT251364 

2.8. Sequencing Data Analysis 

Analysis of the obtained sequence data was performed via ClustalW2 version 2.1 

(https://www.ebi.ac.uk/Tools/msa/clustalw2/). The alignment output files were used for conducting 

the phylogenetic Neighbor joining (NJ) and bootstrap NJ analyses, with 1000 repeat bootstrap tests 

in MEGA X software version 2 (http://www.megasoftware.net/). 
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3. Results 

3.1. Clinical Signs and Postmortem Changes 

Regarding the clinical signs in chickens, pox lesions were observed on the legs, wings, comb, 

wattles, and head, especially around the eye, with some birds showing complete involvement of the 

eye, causing permanent loss of the eyes (Figure 1A). 

 

Figure 1. Avipoxvirus (APV) lesions in a chicken, pigeon, turkey, and canary. (A) Fowlpox virus 

(FWPV) lesions exist on the comb and wattles and occupy the eye of affected white leghorn chicken. 

(B) Pigeonpox virus (PGPV) proliferative lesions on the head and wings of affected Egyptian swift 

pigeon. (C) Multiple turkeypox virus (TKPV) lesions on the head of a diseased bronze turkey, and 

the snood was totally involved with a pox lesion. (D) Canarypox virus (CNPV) lesions on the wing 

of diseased white canary. 

On the other hand, proliferative lesions were observed on the wings and head in pigeons (Figure 

1B), while, in turkeys, most lesions were observed on the head, and the snood was totally involved, and 

pox lesions were also observed under the wings and in the vent area (Figure 1C). The affected canaries 

had some pox lesions on the head and legs, and most lesions were observed on the wings (Figure 1D). 

3.2. Virus Isolation 

All inoculated samples (n = 40) and the control positive sample showed clear pock lesions on 

the CAM of 11-day-old SPF ECEs, which is shown in Figure 2A, with dwarfed, abnormal feathered 

embryos (Figure 2B) and mortality in some inoculated embryos five days post-inoculation. On the 

other hand, the control negative sample showed no changes in the inoculated eggs. 

 

Figure 2. Result of APV isolation on the chorioallantoic membranes (CAMs) of 11-day-old 

embryonated chicken eggs (ECEs). (A) Pock lesions distributed on the CAMs of inoculated ECEs. 
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(B) Control embryo (CE), which was inoculated with the control negative sample, and the APV 

inoculated embryo (IE) showing dwarfism and abnormal feathering. 

3.3. Molecular Identification Using Conventional PCR. 

In the present work, the amplified fragment size for the targeted genes (P4b gene) of the tested 

isolates (10 FWPV, 10 PGPV, 10 TKPV, and 10 CNPV) was around 578 bp, which is nearly similar to 

that of the control positive. On the other hand, out of 40 REV-5’LTR tested isolates, 30 isolates (10 

FWPV, 10 TKPV, and 10 CNPV isolates) were confirmed to have REV-5’LTR integration in their 

genome, with an amplicon of 370 bp, which is similar to that of the positive control. Moreover, the 

remaining 10 PGPV tested isolates that expressed APV-P4b gene amplification did not show any 

amplified bands for REV-5’LTR. This result confirms that the PGPV isolates were free from REV 

integration, which is similar to that of the negative control samples. 

3.4. Sequencing and Phylogenetic Analysis of the APV P4b Gene and REV- 5’LTR 

Interestingly, the amplified DNA bands of the APV P4b gene (578 bp) and REV 5’LTR (370 bp) 

were subjected to DNA sequencing. The obtained sequences were then transported to GenBank and 

analyzed with respect to the reference P4b gene and REV-5’LTR sequences from GenBank (Figures 3 

and 4). 

  

Figure 3. Phylogenetic Neighbor-Joining tree of the APV P4b gene sequences with 1000 repeats 

bootstrap. The tree separated into 2 clades: clade 1, in which the isolates mans17F (FWPV), mans17T 

(TKPV), and mans17C (CNPV) identified in this study (red triangles) are aligned with FWPVs and 
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TKPVs obtained from GenBank. Clade2, in which the mans17P (PGPV) isolate identified in this 

study (blue triangle) is aligned with PGPVs retrieved from GenBank. 

 

Figure 4. Phylogenetic Neighbor-Joining tree of REV-5’LTR sequences with 1000 repeats bootstrap. 

The mans17F (FWPV), mans17T (TKPV), and mans17C (CNPV) identified in this study (red 

triangles) are identical to other REV-5’LTR integrated in FWPV (field-isolated and vaccine strains) 

and TKPV isolates obtained from GenBank. 

Sequencing of the amplified DNA showed 100% identity between samples selected from each 

APV type. Importantly, no difference was recorded among the nucleotides sequences of amplified 

DNA obtained from the field samples and virus isolates. Interestingly, the APV P4b gene phylogenic 

tree was separated into 2 clades: clade 1, in which FWPV (mans17F), TKPV (mans17T), and CNPV 

(mans17C) isolates identified in this study were aligned with FWPVs and TKPVs obtained from 

GenBank. The isolates mans17F, mans17T, and mans17C were identical to each other, and they showed 

100% identity to other FWPVs and TKPVs obtained from GenBank. Whereas, in clade 2, PGPV, the 

(mans17P) isolate was aligned with other PGPVs retrieved from GenBank. The isolate mans17P showed 

100% identity to other PGPVs obtained from GenBank (Figure 3). The PGPV isolate (mans17P) identified 

in the present study recorded 91.7% identity with FWPV (mans17F), TKPV (mans17T), and CNPV 

(mans17C), with 44 nucleotide substitutions (Supplementary Figure S1). On the other hand, as shown in 

Figure 4, REV-5’LTR sequences identified in this study from mans17F, mans17T, and mans17C isolates 

showed 100% identity to other REV-5’LTR integrated in FWPV (field-isolated and vaccine strains) and 

TKPV isolates obtained from GenBank (Supplementary Figure S2). Collectively, the studied FWPV, 

TKPV, and CNPV were identical to each other and had REV- 5’LTR integration, while the PGPV was 

distinct and confirmed to be free from REV- 5’LTR integration and aligned in a separate clade from 

FWPV, TKPV, and CNPV. 
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Importantly, the obtained REV-5’LTR sequences (370 bp) from mans17F, mans17T, and 

mans17C isolates were aligned with the full-genome sequence of the MH719203/TKPV SD15-670.1 

isolate as a reference APV [32], using the NCBI BLAST tool that was used to detect the insertion site 

of REV in the APV genomes. The results revealed that the amplified 370-bp product falls between 

nucleotide no. 231,521 of the FWPV 201 gene and nucleotide no. 231,891 of REV-5’LTR when 

aligned with the SD15-670.1 strain. This product includes 182 bp of the FWPV 201 gene, and the 

other 188 bp represents the inserted REV-5’LTR, which confirms REV insertion mans17F, mans17T, 

and mans17C isolate genomes, as shown in Figure 5. 

 

Figure 5. Schematic representation of REV-5’LTR insertion in the APV strains identified in this 

study in comparison with the TKPV-SD15-670.1 reference strain. (A) TKPV-SD15-670.1 reference 

strain containing 196 nt of REV-5’LTR between the FWPV 201 and 203 genes (from nucleotide no. 

231,703 and 231899). (B) Schematic representation of REV-5’LTR insertion in mans17F, mans17T, 

and mans17C isolates. The REV-5’LTR product (370 bp) falls between nucleotide no. 231,521 and 

231,891 when aligned with SD15-670.1. This product includes 182 bp of the FWPV 201 gene, and the 

other 188 bp represents the inserted REV-5’LTR. 

4. Discussion 

The present data provides novel interesting findings in relation to the occurrence of APVs on 40 

cutaneous pooled samples from Dakahlia Province, Egypt. The work also included screening same 

samples for the presence of REV-5’LTR in their genomes, which has been confirmed through molecular 

identification and a sequence analysis. To the best of our knowledge, this study is the first report 

involved in the detection and characterization of REV-5’LTR insertions in the APV field strains in Egypt. 

As depicted in our results, the examined birds showed some clinical signs cohered with APV 

infections, and these findings are in harmony with those reported elsewhere [4,9,11,13,14,48,55–58]. 

Importantly, APVs were successfully isolated on the CAM of 11-day-old SPF REV-free ECEs from 40 

tested samples, and these ECEs had characteristic pock lesions with dwarfed embryos and mortality 
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in some inoculated embryos five days post-inoculation. These results are consistent with that reported 

in a previous study [22]. 

The molecular detection using PCR is widely accepted as a sensitive, specific, and rapid 

molecular tool for the detection of APV genomes [46,59]. In this regard, several studies have 

documented the isolation of APVs from poultry in Egypt [44,48,49]. Our present molecular findings 

revealed that the APV P4b gene was successfully amplified from all 40 tested isolates, which is in 

agreement with that obtained in previous studies [21,22]. Furthermore, the analysis of the sequence of 

the APV P4b gene revealed that the isolates mans17F, mans17T, and mans17C were identical to each 

other and to other FWPVs and TKPVs obtained from GenBank, with 100% identity. In the same line, 

the sequence analysis of our APV P4b gene showed 100% identical DNA sequences to that reported in a 

previous study [59], while showing 71–100% similarity in nucleotide sequences between different 

species of APVs [22,24]. However, FWPV and TKPV seem to be identical, as they produced identical 

restriction patterns [25]; some researchers suggested that the TKPV is a different strain based on the 

difference in genome sizes (288.54 Kbp for FWPV versus 188.53 Kbp for TKPV) and the susceptibility of 

ducks to TKPV but not FWPV [60–63]. Additionally, the difference in physical and chemical properties, 

cross-protection, and phylogenetic analysis might support the theory that suggests that the TKPV is 

different from FWPV [17,39,64,65]. In accordance with PGPV, it was considered to be different from 

FWPV, as they showed host specificity and different profiles with the nucleotide sequence analysis of 

the P4b gene [24,25,66]. Interestingly, the mans17P isolate identified in the present study showed 100% 

identity to other PGPVs obtained from GenBank, while the PGPV identified in this study was different 

from FWPV (mans17F), TKPV (mans17T), and CNPV (mans17C), with 91.7% identity and 44 nucleotide 

substitutions [4,22,44]. 

In the present study, REV-5’LTR was successfully amplified in 30 isolates (10 FWPV, 10 TKPV, and 

10 CNPV), confirming the integration of REV-5’LTR into FWPV, TKPV, and CNPV. Similar results were 

reported by Masola et al. (2014) [67], who confirmed the integration of REV in 53 out of 55 tested FWPV 

isolates. In other studies [25], REV-5’LTR was detected in FWPV and TKPV genomes. Similar results 

were reported in relation to the integration of REV sequences into the FWPV and TKPV genomes 

[54,68,69]. On the other hand, Davidson et al., 2008 [35], found that seven APV isolates (two chickens, 

one turkey, and four wild birds) were free from any REV integration. In addition, several previous 

studies suggested that CNPV field strains and CNPV vaccine strains were free from REV-5’LTR 

[17,30,40]. On the other hand, our present results showed that PGPV isolates were free from the 

integration of REV-5’LTR in their genomes, which is in stark contrast with previous studies that 

reported that REV-5’LTR integration was detected in PGPV [25]. Kim and Tripathy, 2001 [40], revealed 

that PGPV was free from REV-5’LTR integration. In accordance with the sequence analysis, the 

identified sequence of REV-5’LTR in the current study of mans17F, mans17T, and mans17C isolates 

showed 100% identity with the other REV-5’LTR integrated in FWPV field-isolated and vaccine strains 

and TKPV isolates [27,70]. Collectively, the present findings provide interesting information in relation 

to the potential impacts of infection with these viruses in poultry, as they may result in tumorigenic and 

immunosuppressive diseases [71,72]. Despite the absence of the difference among the nucleotides 

sequences of the amplified DNA obtained from the field samples (lesions) and virus isolates in our 

present results, it is recommended to perform a sequence analysis directly from the DNA purified from 

the lesion to avoid the possibility of changes and the exclusion of REV genomic fragments from the APV 

genomes during additional reamplification in ECEs. 

5. Conclusions 

Given the above information, our data reveal that APVs are circulating in Egypt and infecting 

different avian species. The present study also provides interesting information about the genetic 

relatedness of these viruses. Furthermore, the present molecular data indicate that FWPV, TKPV, and 

CNPV were identical to each other and different from PGPV. Importantly, REV-5’LTR was detected in 

FWPV, TKPV, and CNPV, while PGPV was free from REV -5’LTR integration. Taken into account the 

shortage of data about the studied topic and the possibility of coinfection of both APVs and REV, 

further future studies are crucial to investigate the effect of REV -5’LTR insertions in APV strains on 
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the pathogenesis, virulence, and inadequate vaccine protection against APVs in Egypt. There is also a 

need to investigate the epidemiological profile of these viruses in the Egyptian environment and the 

effect of REV-5′LTR insertion on the acquisition of evolutionary features over time in certain regions of 

APV genomes. 

Supplementary Materials: The following are available online at www.mdpi.com/2079-7737/9/9/257/s1: Figure S1: 

The BioEdit multiple alignments of amplified P4b gene nucleotide sequences of our APVs isolates compared to other 

reference APVs sequences retrieved from GenBank. PGPV strains have 44 nucleotide substitutions in comparison 

with FWPV and TKPV strains. Supplementary Figure S2: The BioEdit multiple alignments of amplified REV-5’LTR 

nucleotide sequences detected in our APVs isolates in comparison to other reference REV-5’LTR sequences available 

in GenBank. All aligned sequences are identical to each other without any nucleotide substitution. 
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