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Summary 

Two real-time PCR assays were developed which enable quantification and differentiation 
between pathogenic Australian isolates of MDV serotype 1 and the serotype 1 vaccine strain 
Rispens/CVI988. The assays are based on a DNA sequence variation in the meq gene 
between pathogenic and vaccinal MDV1 which has been confirmed by sequencing of 20 
Australian field strains of MDV. Complete specificity has been demonstrated in samples 
containing pathogenic MDV (n=20), Rispens (3 commercial vaccine strains), or both. The 
limit of detection of both the Rispens-specific and the pathogenic MDV1-specific assays was 
10 viral copies/reaction.  
 

I. INTRODUCTION 
 
Marek’s disease virus (MDV) is classified as an Alphaherpesvirus and isolates of MDV can 
be classified into three serotypes, namely serotypes 1 (MDV1), 2 (MDV2) and 3 (herpesvirus 
of turkeys or HVT) of which only MDV1 is pathogenic and oncogenic (Schat and Calnek, 
1978). Since the detection of the aetiological agent in the late 1960s (Churchill and Biggs, 
1967), MD has been controlled to a large extent using vaccines which consist either of 
attenuated isolates of oncogenic MDVs or the apathogenic HVT or MDV2 serotypes (Witter 
et al., 1970; Schat and Calnek, 1978).  

Vaccination against Marek’s disease using live vaccines provides protection against 
clinical MD but not against co-infection with wild-type pathogenic MDVs which continue to 
multiply in the host and be shed in feather dander at very high levels (Islam and Walkden-
Brown 2007). Thus vaccinated chickens may harbour mixed populations of MDVs with 
considerable implications for diagnosis of infection. In Australia broiler chickens either 
remain unvaccinated or are vaccinated in ovo with HVT while layers and broiler breeders 
usually are vaccinated with the MDV1 Rispens/CVI988 vaccine for long-term protection. 
Rispens/CVI988 is the dominant attenuated MDV1 vaccine in use worldwide. 

Several molecular tests using the real-time quantitative PCR (qPCR) technique are 
available in order to differentiate between the three MDV serotypes (eg. Islam et al., 2006, 
Renz et al., 2006), but there is no quantitative test which will differentiate between 
pathogenic MDV1 and Rispens/CVI988. Previous tests to differentiate Rispens from 
pathogenic MDV were based on the number of 132 bp repeats (Becker et al. 1992). However 
these assays were not able to quantify virus and it has subsequently been shown that this 
marker is lost in as little as one back passage in chickens (Young and Gravel 1996). There is 
a preliminary report of a qPCR test to differentiate wild type MDV1 from Rispens vaccine 
based on the pp38 and ICP4 genes (Zelnik et al., 2008) but it is unclear that assay 
development is complete. 

This paper describes the first molecular assay using the qPCR technique to 
differentiate between Australian field isolates of MDV1 and the Rispens vaccine. 
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II. MATERIAL AND METHODS 

 
DNA from six Australian isolates of MDV1, namely MPF57, Woodlands1, MPF132/5, 
02LAR, 04KAL, FT158 was obtained from spleen samples collected at 13 days post infection 
(dpi) from experimentally infected unvaccinated specific pathogen free (SPF) chickens 
involved in a pathotyping experiment (Walkden-Brown et al., 2006). The isolates induced 
gross MD lesions in 52.9-94.4 % of unvaccinated chickens and the protective index provided 
by HVT vaccination varied from 38.2 % to 100 %. 
 The spleens were stored in sterile 1.5 ml Eppendorff tubes and kept at -20 °C until 
DNA was extracted from infected spleens using the QIAamp DNA Kit (Qiagen, Clifton Hill, 
Australia) according to the manufacturer’s instructions.  

The three commercially available Rispens vaccines in Australia  (Vaxsafe® RIS, 
Poulvac® CVI988 and Nobilis® Rismavac) were obtained from the manufacturers 
(Bioproperties, Fort Dodge, Intervet). Prior to phenol-chloroform extraction of DNA, samples 
were treated with Proteinase K. All vaccinal samples were subject to sequence analysis of a 
fraction of the meq gene to confirm the presence of the targeted polymorphism in meq as 
described by Renz (2008). Sequencing of purified DNA was conducted by Macquarie 
University, Sydney, Australia using an ABI 377 sequencer (Applied Biosystems Inc., Foster 
City, CA, USA). All DNA samples were quantified using a NanoDrop® ND-1000 UV-Vis 
spectrophotometer (NanoDrop® Technologies Wilmington, USA). In addition to the six 
initial pathogenic MDV1 isolates, the target region of MDV from 14 field samples positive 
for MDV1 were sequenced and tested in the two assays. 

Extracted DNA was used as template for two standard PCR tests, designed to either 
amplify only pathogenic MDV1 or Rispens/CVI988. Primers and the probe for the qPCR 
assays were designed using Beacon designer 6.00 (PREMIER Biosoft International, Palo 
Alto, USA). The standard PCR was performed in a 25 μl reaction mixture containing 1 μmol 
of each primer, 1.8 mM MgCl2, 0.2 mM dNTP’s, 10x reaction buffer (Fisher Biotec, Perth, 
Australia), 1 unit of Taq DNA polymerase and approx. 1 ng of template DNA. Amplification 
was carried out over 35 cycles each consisting of 1.5 min at 94°C, 1 min at 60°C and 2 min at 
72°C, except for the initial 2 cycles in which the period at 94°C was extended to 5 min. After 
the final cycle, the elongation phase at 72°C was extended to 10 min with a consecutive step 
at 4°C for 5 min. The amplified fragments were separated on an agarose gel (1%) and 
visualized by staining with ethidium bromide. 

After the primer sets were confirmed to only amplify either pathogenic or 
Rispens/CVI988 in several standard PCR assays, TaqMan® real-time qPCR assays were set 
up using a RotorGene 3000 real-time PCR machine (Corbett Research, Sydney, Australia). 
The qPCR cycling parameters used for the assays were described by Islam et al. (2006). 
However, the annealing time was extended from 45 sec to 60 sec. 

The sensitivity of the assays was determined by running tenfold serial dilutions of 
plasmid DNA with known copy numbers for both pathogenic and vaccinal MDV1. The 
lowest dilution in the tenfold dilution series which amplified reliably was defined as the 
detection limit. The reproducibility of the qPCR assays with the new plasmid-derived 
standard curves was measured by calculating the intra-assay coefficient of variation (CV) by 
taking the mean CV for duplicate Ct and calculated copy number for plasmid standards in all 
runs of the same assay. The inter-assay CV was determined by comparing the mean Ct and 
calculated copy number for each standard in three separate but identical assay runs and 
determining the CV for each across assays. Each individual assay was performed on separate 
days and serial dilutions of plasmid as well as the reference standards were prepared freshly 
on each day. After parallelism with the plasmid standard curves had been confirmed, the 
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reference standards derived either from spleen tissue or Rispens vaccine were quantified in 
terms of viral copy number in three independent identical assays. 
 

III. RESULTS 
 
The product size with both primer sets matched the expected 130 bp (Figure 1). None of the 
three Rispens vaccines amplified with the pathogenic specific primer set whereas all six 
pathogenic MDV1 isolates amplified (Figure 1, upper lanes). Conversely, none of the six 
pathogenic MDV1 isolates amplified with the Rispens specific primer set whereas all three 
Rispens isolates did (Figure 1, lower lanes). All 14 additional field isolates which were tested 
with both assays only amplified in the pathogenic MDV1 specific assay, but not in the 
Rispens specific assay which was expected as all field isolates were derived from flocks 
which had not been vaccinated with Rispens (data not shown).  
 

 
Figure 1: 1% Agarose gel. Upper lanes: pathogenic MDV1 specific primers. 

From left to right: λ-HindIII standard, six pathogenic MDV1 isolates, 
three Rispens isolates, blank, negative control. Lower lanes: 
Rispens/CVI988 specific primers. Same alignment as above. 

 
For the real-time quantitative PCR assay none of the three Rispens vaccines amplified 

in the pathogenic MDV assay, but all samples containing pathogenic MDV1 or both Rispens 
and pathogenic MDV1 amplified. For the Rispens/CVI988 specific assay pathogenic MDV1 
samples did not amplify whereas the 3 Rispens vaccines did.  

For both assays, the qPCR conditions were optimised (increased annealing time from 
45 to 60 sec) in order to provide sensitivity similar to that of our generic, non-differentiating 
MDV1 assay (Islam et al., 2006) which is 2.7 viral copy numbers (VCN) per reaction. With 
these settings, standard curves of both tests amplified reliably 10 VCN/reaction. Based on 
three individual runs for each assay with samples run in duplicate, intra-assay Ct- values had 
a CV of 1.58 % (pathogenic MDV assay) and 1.37 % (Rispens assay), while the mean inter-
assay Ct- values had a CV of 22.34 % and 19.87 % respectively. 
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IV. DISCUSSION 
 
This is the first set of molecular assays which reliably detect, quantify and differentiate 
Australian pathogenic strains of MDV and Rispens, a tool which the poultry industry has 
long sought. The tests are highly sensitive and have shown 100% specificity when screened 
against the 3 Rispens vaccines on the market and 20 Australian MDVs. They now enable 
flock testing for vaccine take, and for monitoring of pathogenic MDV infections in 
vaccinated layer and breeder chickens, probably via pooled feather or dust samples. It is now 
also possible to test MDV1 isolates for Rispens contamination, and to study the replication 
and spread of MDV in breeder and layer populations.  To determine the stability of the target 
area in our tests over time, the three available Rispens vaccines are currently serially back-
passaged five times in chickens and will be subject to DNA sequencing after the last passage. 

However it should be noted that these assays are specific for Australian strains of 
MDV only. Based on the DNA sequences available online from pathogenic strains of MDV1, 
American, Asian or European strains do not differ from Rispens at this position in the meq 
gene. We are currently evaluating potential sites of other candidate genes such as pp38, ICP4 
or vIL-8 in order to develop assays which will differentiate between both Australian and 
international pathogenic MDV1 isolates and Rispens vaccine.  
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