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Abstract 

Marek’s disease virus (MDV) is the causative agent of Marek’s disease (MD) in the 

chicken. MDV is an important oncogenic avian pathogen that leads to world-wide 

economic costs to the poultry industry estimated at more than $US1 billion. Natural 

infection is via inhalation of feather dander containing the virus then infects lymphocytes 

and feather follicle epithelial cells from which virus is shed in dander subsequently. 

Infection of lymphocytes causes lysis and immunosuppression followed by either latent 

infection or transformation and induction of neoplastic lymphomas in various organs. 

MDV is still a major concern for the poultry industry in spite of widespread vaccine use, 

partly because of isolation of very virulent strains from vaccinated chickens. 

 

This thesis investigates aspects of the pathogenesis and molecular epidemiology of MD 

in chickens relevant to the current MD situations in Iraq and Australia. 

 

Chapter 1, the General Introduction provides and introduction and broad background for 

the doctoral work, Chapter 2 comprises a review of the literature on MD relevant to the 

work reported in this thesis while Chapter 3 describes the General Material and Methods 

used during the doctoral work to avoid repetition in each experimental chapter. 

 

Chapter 4 describes a cross sectional survey of MDV incidence in six provinces in 

southern Iraq in different chicken populations, as determined by detection and 

quantification of MDV in dust or spleen samples by qPCR, followed by sequencing the 

MDV meq gene for virulence-associated polymorphisms. A total of 109 samples from 

unvaccinated flocks were analysed comprising 52 dust and 30 spleen samples from 

commercial broiler farms and 27 spleens from local layer chickens The overall 

prevalence of MDV was 49.5% with no significant differences between provinces 

(P=0.08) or sample types (P=0.89). The overall mean (±SEM) Log10 MDV viral copy 

number per mg of dust or spleen as determined by quantitative PCR was 1.78±0.19 with 

no significant differences between provinces (P=0.10) or sample types (P=0.38). 

The meq gene from DNA extracted from nine of the samples was sequenced. These 

sequences were compared with published meq sequences of MDVs of different 

pathotypes. All the Iraqi MDVs had a short meq gene of 897 base pairs due to deletion of 

123 base pair (bp) relative to the reference USA strain Md5. The Iraqi meq sequences 

also contained single nucleotide polymorphisms resulting in differences in the amino acid 

sequence. All of the nine Iraqi meq genes encoded two repeats of 4-proline sequences. 
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The published negative association between 4-proline repeat number and MDV virulence 

suggests that the Iraqi MDVs are likely to be highly virulent (vv+ pathotype), but this 

needs to be confirmed by in vivo testing. 

 

Chapter 5 reports an experiment evaluating the pathogenicity of Australian MDV isolate 

MPF23 against the reference strain MPF57, based on pathology, viral load and 

neuropathotyping on the basis of clinical signs. Two MDV challenge isolates (MPF57 or 

MPF23) were administered to unvaccinated SPF layer chicks on day 5 after hatch at 

three challenge doses [500, 2000 or 8000 plaque forming units (pfu)/chick]. Mortality, 

body weight, immune organ weights, MDV load in peripheral blood lymphocytes (PBL) 

and clinical signs were measured to 56 days post challenge (dpc). From this study, 

MPF23 appears more virulent than MDV strains isolated over the subsequent two 

decades. The neuropathotyping system developed in the USA did not clearly differentiate 

between the two isolates under test; however extension of the period of assessment of 

clinical signs beyond 26 dpc did reveal clear differences.  

 

Chapter 6 reports four experiments aimed at evaluating the effect of passively 

transferred anti-MDV antibody derived from egg yolks on the pathogenesis of MDV.  

 
Experiment 1 utilised white leghorn chicks with and without natural Mat-Ab directed 

against MDV. Chickens were assigned randomly, with stratification on Mat-Ab status, into 

four experimental groups of 30 chickens, each in a single isolator. One group was an 

unchallenged control group, while the other three groups were challenged with MDV 

(02LAR day 0, 02LAR day 7 and MPF57 day 7). Each challenged group was divided into 

6 subgroups of 5 birds comprising three challenge doses (500, 1000, 2000 pfu/chick) and 

the two maternal Mat-Ab levels (present or absent). 

 

Chickens with Mat-Ab showed a rapid decline from a titre of 470 on hatch day to 

negligible levels at day 21 and undetectable levels at day 28 of age. The majority of SPF 

chicks had undetectable MDV titres throughout. Comparison of the incidence of acute 

transient paralysis (ATP) in chickens challenged with 02LAR on days 0 or 7 showed a 

significant effect of age at challenge (10.0 and 37.9% in chickens challenged at days 0 

and 7 respectively, P < 0.001). The proportion of ATP cases in Mat-Ab negative chickens 

(29.0%) was not significantly higher than that in Mat-Ab positive chickens (17.9%) (P = 

0.31). The same was observed for challenge dose (P = 0.32) and there were also no 

significant treatment effects on MDV viral load in PBL at 16 days of age. The main effect 

of presence of Mat-Ab was to protect against bursal atrophy. In birds challenged at day 7 
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with two different pathotypes of MDV, (MPF57 – vMDV and 02LAR – vvMDV) there was 

no significant effect of maternal antibody or challenge dose on ATP but the effect of 

challenge virus approached significance (P=0.06) with more ATP induced by vvMDV 

(37.9%) than vMDV (16.7%). There was also a significant effect of challenge virus on 

MDV viral load in PBL at 16 days of age (9 dpc) being higher for the vvMDV isolate 

02LAR (8.3 x 105 ± 1.0 x 105 copies per 106 cells) than for the vMDV isolate MPF57 (5.3 

x 105 ± 8.6 x 104 copies per 106 cells).   

 

Clinically, complete paralysis and prostration ending in euthanasia were observed in 

3/117 chickens (2.5%) all of which were Mat-Ab negative and challenged by 02LAR (one 

on d7 and two on d0). ATP was observed in 19/89 chickens (21.3%) challenged with 

MDV. Chickens challenged on d 0 were protected against ATP mortality but not against 

MDV infection relative to those challenged on day 7. Although the effect of Mat-Ab 

treatment was not significant, there was a trend towards lower ATP in the group with 

Mat-Ab (17.9 vs. 29.0%). In the groups challenged on d 7 more ATP and some mortality 

(only in Mat-Ab negative chickens) was observed.  

 

Severe atrophy of the bursa and thymus without MD nerve enlargement were the 

predominant findings in birds with severe ATP with less severe effects in surviving birds. 

Final body weight at 28 days of age in chickens challenged at day 7 with 02LAR or 

MPF57 was significantly reduced by MDV challenge (P = 0.001) relative to controls with 

no difference in between the two MDV isolates and no significant effect of Mat-Ab status 

(P = 0.84) or interaction between these effects. Thymic atrophy score (0 = nil, 3 = 

severe) at 28 days of age in chickens challenged at day 7 with 02LAR or MPF57 was 

significantly increased by MDV challenge (P = 0.001) relative to controls with significantly 

higher scores for 02LAR than MPF57 but there was no significant effect of Mat-Ab status 

or interactions between the main effects. 

 

Experiments 2 and 3 were performed to investigate the efficacy of extraction of anti-

MDV IgY from egg yolks and effects of injected extraction material on anti-MDV antibody 

titre. In experiment 2 high titres of MD-Ab were detected in the extracted IgY from egg 

yolks obtained from hens immunized with Rispens CVI988. As a consequence, SPF 

chickens were inoculated with various doses (2, 4 and 6 egg equivalents) by two routes 

(s.c. and i.a.) to test effects on serum levels of anti-MDV Abs. Overall mean titres were 

significantly higher in chicks with natural maternal immunity (ISA Brown, 2.86 ± 0.05), 

than those injected with 4 (2.54 ± 0.05) or 6 (2.52 ± 0.05) egg equivalents, which in turn 

were significantly higher than those injected with 2 egg equivalents (2.17 ± 0.05) which 
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were higher than those given no injection of IgY (1.95 ± 0.05). Overall titres were higher 

at day 7 (2.59 ± 0.04) than at days 14 (2.32 ± 0.04) or 21 (2.33 ± 0.04). Anti-MDV 

antibody titre in SPF chicks alone revealed significant effects of dose of antibody (P < 

0.001) and day post inoculation (P < 0.001) but not route of administration (IA 2.29 ± 

0.03, SC 2.31 ± 0.03, P = 0.76). The experiment showed dose-dependent increases in 

anti-MDV titres in SPF chickens inoculated with 2, 4 or 6 egg equivalents of Mat-Ab but 

inoculation of 6 egg equivalents failed to induce titres equivalent to those observed in the 

ISA Brown birds. Titres in the commercial layer chicks were considerably higher than 

those seen in the UNE-hatched chicks in experiment 1, and persisted for longer. 

 

Experiment 3 evaluated the results of extraction of new batches of IgY from 2000 eggs 

from commercial layers as the results of experiment 2 had indicated that very large 

amounts of extracted IgY would be needed to test the effects of passively transferred IgY 

in a large challenge experiment.  Injection of commercial ISA Brown chicks with either 1 

or 2 ml of extracted IgY antibody (1.1-2.8 egg equivalents/ml) more than doubled anti-

MDV titres at 5 days post inoculation with injection of 2 ml providing ongoing elevation 

over control chickens at day 14. Statistical analysis of anti-MDV antibody titre revealed 

significant effects of treatment (P = 0.002) and day post injection (P < 0.0001).  

 

Experiment 4 was performed to test the effect of different doses of IgY (from the batch 

prepared in Experiment 3) and different challenge doses of MDV on the incidence of 

acute transient paralysis and later tumorigenesis in SPF chickens challenged with 

vvMVD isolate 02LAR. Chicks hatched from SPF eggs incubated at UNE were 

administered IgY Intra-abdominal (i.a.) at doses of (0, 1 or 4 egg equivalents) followed by 

s.c. challenge with 02LAR at doses of 500 or 2000 pfu at 6 days of age.  

 

Up to day 10, clinical signs were confounded by bacterial infection in the experiment. 

From 10 dpc challenged groups began to exhibit signs of clinical MD which were not 

observed in the unchallenged controls. The onset and incidence of clinical signs were 

influenced by the dose of IgY administered to the chicks. The mean time of clinical signs 

post challenge was greater in birds administered 4 egg equivalents of IgY (50.3 ± 3.0 

days) than those administered either 1 egg equivalent (38.4 ± 31.8) or none (36.3 ± 1.9 

days) (P < 0.001). This was also influenced by challenge dose of MDV being 39.2 ± 1.7 

days in birds challenged with 2000 pfu and 44.1 ± 1.9 days those challenged with 500 

pfu (P = 0.05). 
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Survival analysis of the population at risk revealed highly significant effects of IgY dose 

(P < 0.001) and MDV challenge dose (P = 0.006). There was no mortality in 

unchallenged control chickens. In challenged chickens without IgY administered, 

mortality accelerated between 28 and 32 dpc with a further increase between 42 and 56 

dpc. In those that received 1 egg equivalent of IgY, mortality accelerated from day 40 

and continued to the end of the experiment. In chickens that received 4 egg equivalents 

of IgY, mortality was delayed markedly, accelerating from day 48 and continuing to the 

end of the experiment. The effect of challenge dose was due differences beteween 

challenged and unchallenged chickens, with no difference in the mortality pattern 

between chickens challenged with 500 or 2000 pfu of vvMDV. The overall mortality rate 

(including euthanasia) amongst all chickens challenged with vvMDV was 59/122 (48.4%) 

while 76/122 (62.3%) exhibited gross MD lesions up 56 dpc. No unchallenged control 

chickens died or exhibited MD lesions. Total mortality was significantly affected by IgY 

dose (P < 0.0001), being 74.2, 56.5 and 22.2% for chicks inoculated with 0, 1 or 4 egg 

equivalents respectively.  The incidence of MD was also significantly affected by IgY 

dose (P = 0.0002), being 83.9, 69.6 and 40.0% for chicks inoculated with 0, 1 or 4 egg 

equivalents respectively. The effect of IgY dose was significant for total mortality or and 

MD incidence. Bodyweight at 22 dpc was significantly depressed by challenge with 2000, 

but not 500 pfu of vvMDV (P = 0.01). At 56 dpc bodyweight was uniformly lower in 

challenged than control chickens (P = 0.004) with no significant difference in challenged 

birds due to either challenge dose or IgY dose, although the effect of the latter in a 

specifc contrast approached significance (P=0.065). 

 
Chapter 7 reports an investigation into a field outbreak of suspected Marek’s disease in 

a commercial poultry complex containing about 1.6 million Ross broiler chickens in NSW, 

Australia. The broilers were not vaccinated against MD but were generated from parents 

vaccinated with Rispens and HTV. The reported clinical signs of complete paralysis in 

older broiler chickens were not consistent with typical Marek’s disease as reported in 

Australia and no lymphomas had been found in affected birds. However, routine 

monitoring of MDV by qPCR of dust samples by the company had shown very high levels 

of MDV relative to other regions. The morbidity rate was around 25% in affected sheds 

and the case fatality rate approached 100%. The disease started in birds of 32 to 42 

days of age, but later it was observed in younger birds at 27 days. The patterns of 

morbidity and mortality remained unchanged in spite of the use of antibiotics by company 

veterinarians. The site was visited, blood samples were collected from 71 birds for MDV 

serology, dust samples were collected from 8 sheds for qPCR MDV analysis and 30 
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birds were necropsied with 3 spleens were collected for qPCR detection of MDV and 

virus isolation. 

 

The pathological findings did not include gross visceral lymphomas or enlargement of the 

peripheral nerves. However, histopathological examinations provided confirmative 

diagnostic lesions of MD in some chickens. These included gross and microscopic 

lesions indicative of early stages of MD in visceral organs, sciatic nerves and the bursa of 

Fabricius. Early micro-foci of lymphomas were encountered in lungs, kidney and livers. 

Type C MD lesions (mild lymphocytic infiltration) of the sciatic nerve in three chickens 

was observed. Taken together the histopathological lesions in the visceral organs, sciatic 

nerve and bursa are indicative of early MD. Anti-MDV titres in sera determined by ELISA 

revealed that chickens at 21 d old had baseline levels of anti-MDV antibody with a 

marked increase between days 22 and 49, indicative of an active infection. There were 

no differences in titre between affected and unaffected chickens.  

 

Dust samples similarly revealed a situation of active virus replication with MDV load on a 

shed basis increasing by 2.5 logs (from 3.76 to 6.22) between days 21 and 49. Again 

there was no difference between the MDV load in dust between sheds affected and 

unaffected by the syndrome. Two of the three spleen samples were positive for MDV by 

qPCR but virus isolation in chick embryo fibroblast culture was unsuccessful. Sequencing 

of the meq gene from the PCR product of one dust sample revealed that it has an 

insertion of 177 bp at position of 562 relative to the reference USA isolate Md5, and this 

was a common feature with MPF57, the Australian reference isolate of vMDV and all 

other Australian MDVs for which meq has been sequenced to date. However, the newly 

analysed meq gene (10 GRF) has several single nucleotide polymorphisms (SNPs) and 

subsequent changes in the amino acid sequence of the Meq protein that differentiate it 

from other Australian isolates. 

The results of this investigation indicate that the chickens were infected with MDV and 

the virus was replicating and spreading within the flocks. However it is unlikely that MDV 

and the MD lesions observed were responsible for the severe clinical syndrome 

observed. It is possible, but unlikely, that the few mutations observed in the meq gene of 

the sequenced MDV from the outbreak are responsible for an entirely new form of MD 

which is what the clinical, pathological and epidemiological findings would constitute if 

this was the case. 

 
Chapter 8 presents a general discussion of the thesis findings with a summary of the 

major findings and suggestions for future work. 
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List of abbreviations 

aa  Amino acid 

Ab Antibody 

AEC  Animal Ethics Committee 

ALV Avian Leukosis Virus 

ANOVA  Analysis of variance 

ATP Acute transient paralysis 

bp Base pairs 

BSA Bovine serum albumin 

bZIP  Basic leucine zipper 

Bursa  Bursa of Fabricius 

BW/BWT Body weight 

C Cytosine 

CAV Chicken infectious anaemia virus 

CEF Chicken embryo fibroblasts 

CKC Chicken kidney cells 

CPE Cytopathic effects (in cell culture) 

CNS Central nervous system 

DPC/dpc  Days post-challenge 

DPI/dpi Days post-infection 

FFE Feather follicle epithelium 

G  Guanine 

G Gram 

H Hour 

HEPA High Efficiency Particulate air 

HVT Herpesvirus of Turkeys. Also known as Meleagrid herpesvirus 

1(MeHV-1) and Marek’s disease virus serotype 3 (MDV3). 

i.a. Intra-abdominal 

IBDV Infectious bursal disease virus 

IgY  Immunoglobulin Y 

IRL Internal repeat long region of the MDV genome 
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IRS Internal repeat short region of the MDV genome 

mab  Monoclonal antibody 

Mat-Ab Maternal antibodies 

Maternal anti MDV-

Ab 

maternal anti-Marek’s disease viruse antibories 

MATSA Marek’s disease-associated tumour surface antigen 

MD Marek’s disease 

MDV Marek’s disease virus 

MDV-1 Marek’s disease virus serotype 1. Also known as Gallid herpesvirus 2 

(GaHV-2). 

MDV2 Marek’s disease virus serotype 2. Also known as Gallid herpesvirus 

type 3 (GaHV-3). 

meq  Marek’s disease virus EcoRI-Q Fragment 

MHC Major histocompatibility complex 

min  Minute 

mM Millimolar 

ml  Millilitre 

ORF Open reading frame 

PBL Peripheral blood lymphocytes 

PBS Phosphate buffered saline 

Pc Post challenge 

PCR Polymerase chain reaction (conventional, end point form) 

Pfu Plaque forming units 

qPCR Quantitative real-time PCR 

REV Reticuloendotheliosis virus 

RS  Repeat short region of the MDV genome 

S Second 

s.c.  Subcutaneous 

SEM Standard error of the mean 

SPF Specific pathogen free 

T-cell Thymus-derived cell 

TRL Terminal repeat long region of the MDV genome 

TRS  Terminal repeat short region of the MDV genome 

µg Microgram 
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μl  Microliter 

UNE The University of New England 

USDA ADOL United States Department of Agriculture Avian Diseases and 

Oncology Laboratory 

UL  Unique long region of the MDV genome  

US Unique short region of the MDV genome 

vMDV Virulent MDV. A pathotype under the USDA ADOL classification. 

MDV, which causes low levels of mortality by day 56pc, but induces 

lymphomas and nerve lesions in a high proportion of susceptible 

unvaccinated chickens. HVT provides good protection. 

vvMDV Very virulent MDV. A pathotype under the USDA ADOL classification. 

MDV, which causes moderate levels of mortality by day 56pc and 

induces lymphomas and nerve lesions in a high proportion of 

susceptible unvaccinated chickens. HVT is only partially protective 

but HVT/MDV2 vaccines provide a high level of protection. 

vv+MDV Very virulent plus MDV. A pathotype under the USDA ADOL 

classification. MDV, which causes high levels of mortality by day 

56pc and induces lymphomas and nerve lesions in a high proportion 

of susceptible unvaccinated chickens. HVT and HVT/MDV2 are only 

partially protective 

wk  Week 

WLH White leg horn chickens 

 

 




