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The avian oncogenic viruses 

 The avian oncogenic viruses include one herpesvirus, the Marek’s disease virus 

(MDV), (Witter and Schat, 2003), and three retroviruses; the reticuloendotheliosis virus 

(REV) (Witter and Fadly, 2003), avian leucosis (Fadly and Payne, 2003) and avian leucosis 

virus subgroup J (ALV-J) (Payne, 1998).  

MDV is a dsDNA virus, widely disseminated in poultry, in spite of the extensive vaccination 

procedures employing avirulent strains of MDV of the three serotypes (1, 2 and 3). The 

retroviruses prevalence differs in extent and timing, no vaccines are available and their 

replication within chicken cells employs a rapid transition to DNA by a reverse transcriptase 

step, following which the viral genome integrates into the cellular genome. Turkeys are 

susceptible to MDV, REV and the relatively rare retrovirus, lymphoprolipherative disease 

virus (LPDV) (Biggs, 1997).  

Infection of poultry with viruses of that group leads to evident signs and conditions - 

“unveiled aspects” such as tumors, subsequent morbidity and mortality, but also to hidden, 

“veiled” conditions. That presentation will refer to both aspects regarding three topics related 

to infections with oncogenic viruses; (A) differential diagnosis, (B) multiple virus infections 

and (C), dissemination of infection. 

 

A. Differential diagnosis 

 

A. I. Tumors in chickens – an unveiled aspect of infection  

 The tumors are the most prominent clinical sign manifested in poultry following 

infection with avian oncogenic viruses.  MDV infects chickens and causes a malignant 

transformation of T cells; REV transforms pre-B and pre-T lymphocytes, causing bursal and 

T-cell lymphomas in chickens and turkeys; ALV transforms chicken B lymphocytes and 

causes B-cell neoplasia, while ALV-J transforms myeloid cells of meat-type chickens and 

causes predominantly late-onset myelocytomatosis.  
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The clinical signs caused by infection with the five avian oncogenic viruses overlap 

and are of a low degree of pathognomy, and diagnosis based on clinical signs is often 

obscure, veiled, and specific laboratory diagnosis are needed (reviewed by Davidson, 2001 

in www. PoultryMed.com).  The clinical diagnosis of REV- and MDV-induced lesions is 

complex because the tumor location and appearance overlap; REV induced T-cell 

lymphomas are similar both macroscopically and microscopically to those caused by MDV, 

while REV induced B-cell lymphomas resemble those caused by ALV. Very generally, 

peripheral nerve and proventriculus enlargement denotes MDV involvement; the presence 

of bursal tumors is characteristic to lymphoid leukosis; the presence of tumors in the 

pancreas and intestines suggest infection with REV, and tumor appearance on the bones is 

characteristic to infection with ALV-J.  

 

A. II. Paralysis in broiler chickens – a veiled aspect of MDV pathogenicity  

 Neurological manifestations (neurolymphomatosis or transient paralysis) affect young 

broilers and pullets and the etiology is often vague.  MDV was implicated as one of the 

causative viruses of that condition by the application of the PCR diagnosis on the brain DNA 

of paralysed broiler birds (Davidson et al. 1998). In pullets of similar ages the causes of 

paralytic symptoms have not been solved yet. In several cases ALV-J infection was also 

detected by amplification of brain tissue DNA. Detailed studies demonstrated that very 

virulent MDV isolates cause early paralytic symptoms, prior to the appearance of neoplastic 

lesions (Gimeno et al., 1999).   

 

A. III. MDV in turkeys – a veiled aspect of MDV pathogenicity 

 Tumors in turkeys were considered to be the clinical outcome of infection with LPDV, 

a C-type retrovirus of turkeys only. The target cell for transformation has not been 

determined yet. By using PCR for diagnosis we found that MDV was the causative virus in 

most turkey commercial flocks affected with tumors  (Davidson et al, 2002a, b). MDV-related 

turkey tumors are an uncommon syndrome and a veiled aspect. We surveyed turkey tumors 

in Israel between 1993-2000 and found most clinical cases as MDV-tumors. The virus was 

isolated and served for disease reproduction. A less severe disease was recorded in the 

experimental trial. 

 The antigenic and genomic characteristics of the MDV gB gene and antigen of 

turkeys were compared to the chicken MDV gB. The whole chicken and turkey gB genes 

were sequenced and found identical. However, by immunoblotting using chicken 

convalescent and gB monoclonal antibodies, the antigenic epitopes of the chicken and 

turkey viruses were found to differ. The turkey MDV had a unique epitope, compared to the 
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chicken MDV.  While the chicken MDV had two epitope types; heat-labile but DTT-stable 

and heat-stable but DTT-labile, the turkey MDV gB epitope is both heat and DTT-labile. 

A. IV. An apparent association between infection with two unrelated viruses, MDV and 

NDV, in commercial flocks with paralytic signs – a veiled aspect of pathogenicity  

Recently some overlapping clinical signs of MD and the non-associated Newcastle 

disease (ND) occurred in various commercial flocks. Most cases were recorded in broiler 

and laying flocks, but sporadic cases were observed also in broiler breeders, turkeys, and 

geese (Davidson and Kedem, 2003). Brain tissues from birds with clinical “MD/ND”-like 

symptoms were examined using specific MDV PCR primers, in parallel to isolation of NDV. 

Both viruses were diagnosed in a major part of the flocks with “MD/ND”-like symptoms. No 

association of MDV with other pathogens was observed in flocks affected with other 

diseases, such as infectious bronchitis, infectious bursal disease or turkey rhinotracheitis. 

Most of the NDV/MDV positive flocks were broilers (9/13) or layers (6/16). The similarities 

between the presentations of the infections with NDV and MDV indicated the need for 

differential laboratory diagnosis. No explanation is available, however, several insights were 

evident; both viruses infect birds by inhalation, and a local or systemic immune deficiency 

might play an important role, by adding a synergistic aspect. Sub-clinical infection with MDV 

might lead to enhanced susceptibility to NDV, similar to some thoughts following an 

Australian ND outbreak (Westbury, 2001). It might be speculated that infection with ND 

rendered the flocks more receptive to a further infection with MDV, or vice versa. That 

hypothesis might be further investigated, since the real impact on commercial flocks is 

probably the result of more than one virus. 

A. V. Laboratory differential diagnosis-evident and obscure results 

 The laboratory classical differential diagnosis assays are based on virus isolation, 

demonstration of specific antibodies and histopatological examination of tumor tissues.  

Diagnosis based on virus isolation is laborious and time-consuming, and can even be 

complicated by the presence of serum antibodies that neutralize the virus. Moreover, in 

cases of multiple virus infections the presence of MDV and retroviruses in the same 

samples can be missed because the procedures needed to isolate MDV interfere with 

retroviruses isolation conditions, and vice-versa.  

The diagnostic importance of MDV antibody demonstration is limited, but is an effective 

mean to assign exposure to retroviruses. However, because retroviruses disseminate both 

horizontally and vertically, tolerance is often established upon vertical transmissions. In 

these cases the diagnosis is not absolute because the virus might persist without the 
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presence of antibodies. Antibodies might be produced several months later, when the birds 

overcome the tolerant state.  

The histopathological analysis of the tumors is supportive, but composite because the 

infiltrative patterns are very diverse and not pathognomic; MD tumors have a pleomorphic 

type of cellular infiltration, composed of a mixed population of small to large lymphocytes. 

Two types of MD typical changes were observed in the nerves: a) demyelination and 

Schwan cell proliferation, and b) light to moderate diffuse infiltration of plasma cells and 

small lymphocytes. The two features appear in different nerves of the same bird and even in 

various areas of the same nerve. In REV- and ALV-tumors the infiltrate consists of 

monomorphic, homogenous lymphoblasts; in ALV-infections, T or B lymphocytes in the case 

of REV-infection, whereas myeloid cells prevail in ALV-J-infections. While the cytological 

picture is typical in the case of MDV and ALV-J, there is no possibility to distinguish 

histologically between ALV and REV-infections. In turkeys, visceral lesions composed of 

pleomorphic cells are caused by MDV or LPDV (Iancunescu et al., 1979), while the 

monomorphic type is predominant in REV infections (Witter  and Fadly, 2003).  The major 

complications of histopathology are the multiple virus infections, where various infiltrate 

types are found in various areas of the same organ, or bird. 

In an attempt to provide a rapid and sensitive means of differential diagnosis we have 

applied the polymerase chain reaction (PCR) for MDV and REV (Davidson et al., 1995a), 

and subsequently added ALV, LPDV and ALV-J env PCR to the differential diagnosis 

algorithm (Davidson et al., 1995b). The PCR appears to be the method of choice for the 

diagnosis of avian oncogenic viruses as it overcomes the veiled aspects of differential 

diagnosis, on one hand, and enables the detection of multiple viral infections, on the other.  

About 73% of the commercial flocks surveyed in Israel between the years 1993-

2004 had a single virus infection and 27% of the flocks had a multiple virus infection. A 

similar rate was also observed in turkeys.  

Several trends could be traced among the single virus infected flocks: a) Both in chickens 

and in turkeys most flocks were MDV-infected, although a much higher rate was seen in 

turkeys: 36% vs. 66%, respectively; b) REV-infection of chickens was prevalent in 16% of 

the flocks mostly until 1995, and sporadic afterwards; c) ALV (subgroups A+C)-infection was 

sporadic over the entire period and prevailed in 6% of the flocks; d) ALV-J-infection, that 

was analysed only from 1996, emerged during the years 1997-1998 in 16% of the flocks. 

 

B. Multiple virus infections in commercial flocks 

  

B. I. Multiple virus infected commercial flocks and synergism in pathogenicity – a veiled facet  
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The high prevalence (25%) of chicken and turkey flocks with multiple virus infections was 

unforeseen. Infection with one virus might biologically alter the clinical outcome of birds that 

are already infected by another oncogenic virus and consequently, that they might even have 

a more profound molecular interaction that could influence the final outcome of the disease. 

That finding could be obtained due to the use of PCR for differential diagnosis.  

Synergism in pathogenicity was observed by several researchers and field veterinarian, 

however the phenomena was not enough documented. We attempted to review the 

documentation on the herpevirus-retrovirus pathological outcomes in multiple virus infections 

(Davidson and Borenshtain, 2001). The evident reason for the aggravation of the disease 

severity by a double virus infection is the lymphotropic nature and the independent 

transforming and immunosuppresive potentials of each of these viruses. The first report on 

dual infection of birds with MDV and REV under natural conditions was as early as 1967. In 

the following years it was found that several MDV strains influenced both ALV and REV 

pathogenicity. To assess the in vivo effect of mixed infection with MDV and REV, an 

experimental trail was done, in which we found a doubled mortality rate and decreased 

weight for birds co-infected with both MDV and REV, compared to single virus-infected 

groups. (Davidson I. unpublished).  

B. II. Molecular interactions in  multiple virus infections – A veiled aspect 

The molecular interaction has been demonstrated to happen efficiently in vitro in 

multiple infection of cell cultures with MDV and reticuloendotheliosis virus (REV) or MDV 

and avian leucosis virus (ALV) (reviewed in Bronovskis and Kung, 1996). The significance 

of these findings was shown to exceed the laboratory phenomena, as the in vitro-created 

recombinant virus, RM1, had altered in vitro replication and in vivo biological properties 

(Witter et al., 1997). In that light we were intrigued to inquire whether retrovirus integrates 

into MDV also in vivo, in the bird, in multiple viral infections. We realized that the issue of 

retrovirus insertions into herpesviruses in vivo and in vitro differ majorly; the differences 

consists in the viral-target cells, lymphocytes or fibroblasts, in the MDV-replicative type, 

transforming or productive, and the immune system presence. In a broader context, such 

events might lead to the generation of new pathogens and affect the evolution of viruses, 

the spreading patterns, the vaccine efficacies, and the pathogenicity of the viruses. The 

issue of retroviral sequence integration into herpesviruses in vivo, in cases of double virus-

infection is also of a wide significance in general virology and veterinary medicine and 

represents a special case of gene transposition. 

To provide a comprehensive notion on whether MDV and retroviruses interact 

molecularly in the bird several conditions were analysed: a) Commercial birds that acquired 
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naturally a mixed infection (Davidson and Borenshtain, 2001); b) Experimentally infected 

chickens with prototype strains of MDV and ALV-J (Davidson et al., 2002c); c) Commercial 

chickens infected experimentally with virus inocula that was obtained from commercial 

cases of double infection with MDV and ALV-J in the same flock or the same bird 

(Borenshtain et al., 2003). In the two first categories we found that integration events 

happened at various rates, depending on the experimental system used. While in 

commercial flocks the event was limited to about 2.5% of the 2926 DNA samples, it reached 

a 30-50% of the birds that were experimentally-infected with prototype viruses, but was 

undetectable in birds that were experimentally-infected with field virus-inocula. It seems that 

by increasing the virus adaptation to laboratory conditions the rate of retrovirus LTR 

integration into MDV increases, as judged by the extent of chimeric molecules that 

contained the sequences of both the MDV and the retroviral long terminal repeat fragment 

(LTR). The phenomenon was unpredictable, as various molecules were formed and 

detected in the same DNA preparation, resembling multiple events in one bird. Unlike in 

vitro, where recombinant viruses could be separated and obtained as homogenous by 

several rounds of plaque purifications and limiting dilutions, the in vivo situation differed; 

attempts to isolate recombinants were problematic, as each cell produces many virions and 

only a biological advantage would enable a recombinant virus to dominate in an infected 

bird. Also, we found that the in vivo formation rate of chimeric molecules, that resemble the 

molecular recombination between the two viruses, was  time-progressive and required the 

co-infection of the bird with both viruses (Borenshtain et al., 2003). The chimeric molecules 

appeared in low quantities and as quasispecies.  

In the course of the present study two incidences of molecular interaction that 

happened between two avian viruses were revealed, enlightening the feasibility of 

recombination event to occur spontaneously in the bird. First, was the emergence of ALV-J, 

as a consequence of endogenous and exogenous ALVs, and second, the REV integration 

into the large DNA virus, pox.  

 

B. III.  Interaction between Marek’s disease vaccine viruses and 

reticuloendotheliosis virus in embryonated eggs 

The in ovo vaccination with Marek’s disease (MD) vaccines is widely used because 

the procedure is fast, cost-effective and yields uniformly vaccinated chicks with early-gained 

immunity to MD and a higher resistance at hatch in a MD contaminated environment 

(Johnston et al., 1997). As avian retroviruses are transmitted both horizontally and vertically, 

in cases of retrovirus infection of embryos, molecular recombination with the MD vaccine 

can occur theoretically. In ovo MD vaccination is performed with serotype 1 and 3 vaccines, 

strains CVI988 and HVT. Embryonated eggs at 18 days-old embryos are vaccinated with 
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the MD vaccines. We aimed to elucidate whether molecular recombination between MD 

vaccines and retroviruses can occur in the embryonated egg, as novel DNA viruses might 

emerge with altered properties, as a consequence of the vaccine introduction. 

          The present trial conditions were designed differently from the in ovo vaccination 

procedure, in order to extend the mutual presence for both viruses in the embryo, from 7ED 

to 18ED, a total of 11 days, and to maximize the chances for recombination events in the 

embryonated eggs. The yolk sac inoculation of 7ED embryonated eggs was employed using 

HVT and CVI988 MD vaccines and REV. The chorioallantoic membranes and embryos 

were examined pathologically; DNA was purified from the spleen, liver and CAM, and 

amplified for the infecting viruses. When positive, the HS-cPCR chimeric molecules were 

detected. The viruses affected the embryo pathology; both MD vaccine viruses caused CAM 

pocks under the present experimental conditions and the presence of MDV and REV in the 

CAM synergised.  Several samples contained also chimeric molecules, indicating the 

feasibility of molecular recombination events in the embryonated egg. However, whether a 

recombinant virus would emerge, it might have a replication or other biological advantage.  

 

C. Dissemination routes of oncogenic viruses 

 

C. I. The value of feathers for detection of viral infections in chickens - veiled aspect 

           The impact of feathers on the spread of MDV and two retroviruses, REV and ALV-J, 

was reviewed lately (Davidson, 2005). The two retroviruses, resembled DNA viruses as they 

were detected in their proviral DNA form in the feather tip extracts (Davidson and 

Borenshtain, 2002, 2003). Whereas most previous reports focused on experimentally-

infected chickens, in the present study we analysed naturally-infected commercial flocks, 

showing their efficacy for research and diagnosis alongside with other organs. Data on the 

relative ability to detect viruses on feathers over prolonged periods of time was also 

provided. The data obtained by the differential diagnosis of various viruses in conjunction 

with the analysis of organs from the same chickens, showed that the feathers were very 

effective for diagnosis and deserve more attention. 

 

C. II. Environmental monitoring of oncogenic viruses by feathers – veiled aspect 

The efficacy of feathers for the assessment of environmental infection in poultry 

houses was tested using floor-feathers to amplify viral sequences from their feather tips. 

The association of viruses with feathers of infected chickens and the relative high stability of 

DNA viruses in feather dust and dander, as well as our last finding on the prolonged period 

of time that the MDV and CIAV could be amplified from the feather tips, droved us to extend 

the use of feathers for monitoring the viral contamination of the poultry house environment. 
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We focused on the feathers of commercial chickens and analysed their value as a source of 

DNA for amplification. Broiler flocks with uneven and retarded growth, internal and external 

haemorrhages, necrotic dermatitis and apparent immunosupression were assayed. Visceral 

organs, brains and feathers of sick birds, as well as feathers from the poultry house floor or 

nearby surrounding were analyzed. By that application we showed the first time that the 

PCR can be used as a monitoring tool for the evaluation of environmental contamination in 

poultry houses that can be used as a potential signal for insufficient biosecurity. Further 

studies might shed light to the possibility to survey and control the avian infectious diseases 

that are caused by relatively stable horizontally transmitted viruses.  

 

C. III. Retrovirus transmission by insects – a veiled mode of virus spread 

The involvement of insects with reticuloendotheliosis virus (REV) transmission was 

examined by testing insects trapped at commercial farms and by controlled feeding 

experiments using mosquitoes (Culex pipiens L.) and houseflies (Musca domestica L.) 

(Davidson and Braverman, 2004). We established sensitive methods of REV detection 

including RT-PCR for REV-LTR and REV-gag genes, REV antigenemia measurements by 

ELISA and virus isolation in tissue cultures. A variety of blood sucking species of insects 

were trapped at farms with infected poultry and tested, but none were positive. To rule out 

the possibility of PCR inhibition by the insect RNA, spiking experiments were conducted and 

no interference was observed. Because Cx. pipiens mosquitoes were trapped frequently at 

farms, we performed feeding experiments with mosquitoes females fed on a REV-containing 

tissue culture medium and chicken blood mixture. Virus was detected in the mosquitoes up 

to 5 hr post feeding, compared to 96 hr in the feeding mixture, indicating that Culex pipiens 

mosquitoes can only harbor REV for a short period. House flies (Musca domestica L.) were 

suspected to be involved in the virus transmission since they were frequently trapped on 

these farms, and no previous studies described these insects until now. In contrast to 

mosquitoes, REV was harbored horizontally within the housefly digestive tract for up to 72 

hr. We showed also that flies could infect chickens, as demonstrated by seroconversion and 

by viral gag-sequence detection in the cloaca.  The study supported a role for houseflies as 

a mechanical vector of REV among poultry. 
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