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Abstract
Aujeszky’s Disease (AD) is a major pig disease that accounts 

for devastating economic losses to pig industry. AD is controlled by 
containment of infected herds, use of vaccines and removal of latently 
infected animals. In endemic areas, control programmes against AD 
rely on the use of vaccines that efficiently limit the replication of 
virulent virus in infected pigs. The presented study investigated the 
efficacy of a live vaccine, administered to the pigs by the intramuscular 
route in an oil/water emulsion adjuvant, to reduce the excretion of 
challenge virus by vaccinated pigs using virus isolation and real-time 
PCR (qPCR) to determine the amount of excreted virus. 

	 Both virus detecting assays showed that the vaccinated 
animals shed significantly lower amount of virus than the non-
vaccinated controls, and the quantity of the shed viruses decreased 
over time. Interestingly, while in the non-vaccinated control 
animals the virus titres detected by virus isolation and qPCR were 
approximately the same, in the vaccinated ones the amount of 
viable virus measured by virus isolation was consistently less than 
those detected by qPCR. These findings indirectly demonstrate that 
vaccination with a live virus induces effective local immunity at the 
primary site of replication, which reduces shedding and transmission 
of challenge virus. The results also pointed out that qPCR detection of 
the viral nucleic acid is not equal with viable viruses, which should be 
considered when interpreting the outcome of virus detecting assays.
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Introduction

	 Aujeszky’s disease, also known as pseudorabies, is 
caused by an alpha herpes virus that infects the central nervous 
system and other organs, such as the respiratory tract, in a 
variety of mammals except humans and the tailless apes [1]. Its 
natural host is the pig, which remain latently infected following 
clinical recovery, save piglets under 2 weeks old, which succumb 

vilmos.palya@ceva.com

to the disease due to encephalitis. The disease is controlled by 
containment of infected herds and by the use of vaccines and/or 
removal of latently infected animals [2].

	 Since the nasal mucosa is the primary site of AD Virus 
(ADV) infection and transmission of the virus is considered to 
occur mainly via the respiratory route, and it is important for 
the vaccines used in controlling the disease to induce a strong 
local immunity at that site, thus reducing the spread of ADV in a 
vaccinated pig population [3,4].

	 The present study investigated how effectively a live 
AD vaccine can reduce challenge virus shedding by using two 
direct virus detecting methods: virus isolation and real-time PCR 
(qPCR).

Materials and Methods
	  Ten pigs, six-week-old white meat type and free from 
ADV and antibodies were vaccinated twice (four weeks apart) by 
the intramuscular (i.m.) route with the live AD vaccine, containing 
the attenuated, gE-deleted MNC+/10a ADV strain, in an oil/
water emulsion adjuvant (Auphyl Plus, Ceva-Phylaxia, Budapest, 
Hungary) [5]. Three weeks after booster vaccination the pigs were 
challenged with virulent ADV intranasally by using 4 ml of 7.7 
log10 TCID50/ml NIA-3 virulent strain of ADV. Five pigs served 
as un-vaccinated challenged controls; the challenge procedure 
was the same as for vaccinates. The pigs were observed for seven 
days for mortality, clinical signs, and relative body weight gain, 
i.e. body weight after the observation period divided by the body 
weight at challenge was calculated as a clinical measurement of 
vaccine efficacy [6]

	 Pigs in moribund stage were euthanized by overdosing 
sodium pentobarbital (Euthasol) according to the manufacturer’s 
instructions. 
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	 Before prime vaccination and challenge, blood samples 
were collected for Virus Neutralization (VN) assay using standard 
micro-neutralization test on MDBK cells against 100-300 TCID50 
the vaccine strain [7].

	 In order to measure the amounts of excreted challenge 
virus nasal swabs (APTACA 0426) were taken from the left nostrils 
of the pigs on 2, 5, and 7 Days Post-Challenge (DPC). Swabs were 
washed in 1.5 ml of MEM-H medium supplied with antibiotics, 
centrifuged at low speed (1000 rpm) for 10 min. The collected 
supernatants were serially diluted from 101 to 107 dilutions and 
then inoculated onto PK-15 cells and incubated for 6 days. After 
the incubation period, the TCID50 was determined according to 
Reed and Muench [8].

	 The same samples were further processed by qPCR 
capable of discriminating wild-type and gE-deleted vaccine 
viruses, having a lower sensitivity for detection of the gE gene [9]. 
Briefly, nucleic acid was extracted from the swabs by QIAxtractor 
nucleic acid purification device using DX Reagent Pack (Qiagen) 
according to the manufacturer’s protocol. Quantity of ADV was 
determined with qPCR using the gB-specific primers and probe 
(labelled with FAM) as described by Ma et al. (2008). Results of 
the qPCR assay were analysed as Cq values. Moreover, the amount 
of virus measured by the qPCR in each sample was extrapolated to 
dilution series of a virus suspension with known titre analysed in 
parallel and expressed as TCID50/0.1mL (log10TCID50/0.1mL).

	 Virus shedding data were analysed by one-way analysis 
of variance (ANOVA) using the Statgraphics software package. 
Differences were considered significant at P < 0.05.

Results

	 No clinical signs were observed in the negative control 
group throughout the observation period, while mucopurulent 
nasal discharge was observed among the non-vaccinated controls 
starting on 3 DPC. The condition of the controls deteriorated and 
three of them had to be euthanized due to their moribund stage 
on 6 DPC, and one on 7 DPC post challenge.

	 All pigs were seronegative against ADV at the time of 
vaccination. Before challenge, the vaccinated group of animals 
had a mean of 8.46 log2 VN titer while the control animals were 
seronegative for antibodies to ADV. Following challenge the mean 
value of body temperature of the vaccinated group increased 
by less than 0.50C by 2 DPC, then returned to normal, while the 
un-vaccinated group showed fever (up to 41.50C from the 39.50C 
baseline value) throughout the observation period. The mean 
relative body weight gain was 1.11 and 0.86 for the vaccinated 
and the control group, respectively.

	 Both virus detecting assays resulted in significantly 
lower amount of virus shedding by the vaccinated animals than 
by the non-vaccinated controls at each sampling date (Figure 
1). Challenge virus shedding in the vaccinated pigs was three 
and two orders of magnitude less as detected by virus isolation 
and gB targeting qPCR, respectively. In the vaccinated group, 
higher titres were measured consistently by qPCR than by virus 
isolation, while in the control group, higher virus titres were 

measured by virus isolation than by qPCR, except in the surviving 
single control pig on 7 DPC. By the end of the observation period 
eight out of the ten vaccinated pigs stopped shedding infectious 
ADV, although seven were still qPCR positive.

	 There was agreement between the results of the 
qPCRs targeting gB or gE, as demonstrated by the individual 
measurements on 5 DPC and alike the data published on the used 
protocol (Figure 2) [9].

Figure 1: Box-and-Whisker Plot of challenge ADV shedding data upon 
vaccination as measured by virus isolation and quantitative real-time 
PCR targeting the gB gene of ADV; DPC means days post challenge. Dif-
ferent letters mean statistically significant differences between group 
means converted to log10 TCID50/0.1ml

Figure 2: Individual virus shedding data of vaccinated and non-vacci-
nated animals on the fifth day after challenge with Aujeszky’s disease 
virus.

Discussion

	 The clinical manifestation of Aujeszky’s disease 
can successfully be controlled by vaccination [10]. However, 
vaccination cannot prevent infection, especially with larger 
quantities of ADV, which subsequently establish latent infection 
in the trigeminal ganglion and central nervous system. The virus 
then can be reactivated (even by transport-induced stress, for 
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example) and excreted via nasal and pharyngeal fluids [11]. Thus, 
in the epizootiology of AD these latently infected pigs have key 
importance for spreading the virus. Therefore, vaccination aims 
at reducing virus excretion as much as possible.

	 The efficacy of Auphyl Plus based on protection against 
weight loss, clinical signs and increase of body temperature 
was reported [12]. The present study investigated the vaccine 
induced reduction of challenge virus excretion by means of two 
analytical approaches, i.e. virus isolation and qPCR. Vaccinated 
animals shed significantly lower amount of virus after challenge 
and for a shorter period of time than the non-vaccinated controls, 
i.e. three orders of magnitude less viable, thus, potentially 
transmissible virus. Interestingly, the titres of ADV shed by the 
non-vaccinated control animals proved to be higher as measured 
by virus isolation than by qPCR. This was consistent in each pig, 
except one pig that survived till the end of the observation period 
7 DPC, when higher amount of shed virus could be detected by 
qPCR than by virus isolation. In contrast, in the vaccinated pigs 
this trend was the opposite, i.e., higher amount of shed virus was 
detected by qPCR than by virus isolation. In the frame of this trial 
it was not possible to seek for explanation to this observation.

	 The replication kinetics and characteristics of ADV in the 
respiratory tract are influenced by several factors, such as virus 
strain, inoculation route, virus titre in the inoculum, animal age, 
genetics and immune status [13,14]. It is well documented that 
vaccination induces resistance against virus growth in the oro-
nasal mucosa, consequently reduces the excretion of challenge 
virus shedding; however, vaccines greatly differ in this respect 
[15-20]. Cellular immune responses were associated with the 
differing kinetics between the virus excretion of vaccinated and 
non-vaccinated pigs [4,21,22]. The lower amount of viable virus 
detected by virus isolation than those detected by qPCR in the 
vaccinated animals reflects the effect of a local immune response 
through cytotoxic T cells and interferon production, which 
reduce ADV replication and shedding [22,23]. At the same time, 
no neutralizing activity of the nasal washings was found after 
ADV challenge [24]. Nevertheless, the ADV-specific antibodies 
plausibly also contribute to the clearance of virus, by inducing 
antibody-dependent cell-mediated cytotoxicity or viral uptake by 
macrophages [25]. To better understand the mechanisms behind 
these findings more sensitive methods are needed to enable 
direct in vivo analysis of the immune responses of pigs.

	 Bouma et al. demonstrated that intranasal ADV infection 
resulted in a considerable inflow of various cell subpopulations 
(in particular, CD8+ T-cell subsets) to the site of infection, both 
in unvaccinated and vaccinated pigs, which might play important 
role in clearance of ADV [4]. The increase in density of the CD4+ 
and CD8+ cell subsets, however, occurred earlier in the tissues of 
vaccinated than in the unvaccinated pigs.

	 Our findings are in good agreement with the above 
findings, as demonstrated that (i) in pigs vaccinated with a live 
AD vaccine the effect of (supposedly cell-mediated) immune 
response significantly reduced the amount of viable ADV 
shedding compared to non-vaccinated control animals, and (ii) 

in the controls a similar effect, i.e., reducing the amount of ADV 
that could be propagated below that measured by qPCR, was 
delayed until 7 DPC post challenge, reflecting a difference in 
kinetics of the primary response in unvaccinated pigs and the 
secondary immune response in vaccinated pigs [4]. Since the 
secondary immune response occurred in the presence of ADV-
specific antibodies, which can neutralize the virus, this could 
have contributed to the reduced live virus load of the vaccinated 
animals.

	 Conclusively, our study demonstrated the distinct 
kinetics of local immune mechanisms by means of the quantitative 
analysis of total and viable virus excretion. The finding were also 
remarkable from data interpretation point of view, in particular 
for virus transmission related studies, i.e., the demonstration of 
the viral nucleic acid does not necessarily mean the presence of 
viable/transmittable viruses.
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