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Summary of the thesis
Bovine herpesvirus 1 (BHV-1) is able to induce prominent
epithelial plaques and penetrate the basement membrane (BM)
in a plaque-wise manner in the respiratory mucosa. The
directional transport of BHV-1 towards the BM is important for
virus dissemination and invasion to penetrate the BM. BHV-1
Us3 can alter intracellular localization of the virus and has been
found to colocalize with microtubules in cell protrusions, which
implicates possible direct interactions of Us3 with kinesin or
dynein motors. Us9 together with kinesins might also contribute
to the directional transport of alphaherpes viral glycoproteins in
the epithelial cells of the respiratory mucosa. Thus, we
examined the function of Us3 and Us9 protein on the stromal
invasion of BHV-1 in the respiratory mucosa.
Equine herpesvirus 1 (EHV-1) and equine arteritis virus (EAV)
are two important pathogens of horses, which have significant
economical impacts on the equine breeding industry worldwide
every year. In the upper respiratory mucosa, CD172a+
monocytic cells become infected with both EHV-1 and EAV
and transport the viruses to the lymph and blood circulation for
further invasion. Up to now, commercial vaccines do not
provide full protection against EHV-1 infection and there is no
efficacious antiviral treatment available. As CD172a+
monocytic cells function as Trojan horses in the respiratory
mucosa, inhibition of the recruitment of these monocytic cells
may prevent migration of infected monocytic cells into the deep
tissues. Thus, we examined whether CD172a+ monocytic cells
are specifically recruited to the EHV-1 infection sites in order to
capture virus and whether treatment with dendritic cell
migration inhibitors rosiglitazone or quinacrine in the
respiratory mucosa can impede EHV-1 deeper invasion. In
addition, as the clinical outcomes of EHV-1 and EAV infections
are indistinguishable under field conditions, a study on the
behavior of dual infections with EHV-1 and EAV in the equine
respiratory mucosa was performed.
In Chapter 2, the aims of this thesis were formulated.
In Chapter 3, it was found that Us3 and Us9 play an important
role in the invasion of BHV-1 through the BM of the respiratory
mucosa. Knockout of Us3 resulted in a remarkable reduction in
viral titer and plaque size (latitude) in MDBK cells and trachea
mucosa while there was no defect on cell-to-cell spread
observed for BHV-1 Us9 null virus. Both BHV-1 Us3 null and
Us9 null viruses showed a significant reduction of plaque
penetration underneath the BM, however the penetration was
not completely inhibited.

In Chapter 4, it was shown that with neurovirulent strains but
not with the non-neurovirulent strains, CD172a+ monocytic
cells specifically migrated towards EHV-1 infected regions and
that CCL2 and CCL5 were involved. CCL2 started to be
expressed in infected epithelial cells at 24hpi and CCL5 at
48hpi, which corresponded with the CD172a+ monocytic cell
migration. Rosiglitazone but not quinacrine decreased the
migration of CD172a+ monocytic cells in the lamina propria
without having an effect on the virus replication in the
epithelium.
In Chapter 5, it was found that an inhibitory effect induced by
either EHV-1 or EAV in the dual infections was present in RK13 cells regardless of the order of virus exposure. In addition,
RK-13 cells co-infected with both EHV-1 and EAV were not
found upon superinfections. Only a few were found in coinfections. In nasal and nasopharyngeal mucosae, there was no
effect of an EAV infection on EHV-1 replication in the
respiratory epithelium. EAV and EHV-1 pre-infections slightly
reduced the number of EHV-1 and EAV infected leukocytes
compared to the single infections and co-infection. In double
EAV and EHV-1 infected explants, no co-infected leukocytes
were detected.
In Chapter 6, all data on invasion of equine and bovine
alphaherpesviruses through the respiratory mucosa obtained in
the present thesis were reviewed and discussed.
The main conclusions drawn in this thesis are:
BHV-1 Us3 and Us9 proteins play a crucial role in viral passage
across the BM barrier during infection of bovine trachea
mucosa explants. BHV-1 Us3 protein also contributes to the
lateral cell-to-cell spread in both MDBK cell cultures and
tracheal mucosa epithelium while BHV-1 Us9 null virus
showed no defect.
A basal to apical migration of CD172a+ monocytic cells was
present in nasal mucosa during infections with neurovirulent
EHV-1 strains, with CCL2 and CCL5 involved in the attraction
of CD172a+ monocytic cells towards the infected regions.
Rosiglitazone treatment efficiently inhibited the CD172a +
monocytic cells migration in a dose-dependent manner while it
had no effect on the virus replication in the epithelium of nasal
mucosa.
There was a minor inhibitory effect of dual infections with
EHV-1 and EAV in vitro and ex vivo, which is only limited
during the early stage of infection. EHV-1 and EAV do not
infect the same mucosal leukocytes.

