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Viral vectors



Vesicular Stomatitis Virus (VSV)



Vesicular Stomatitis Virus (VSV): structure and
genomic organization
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VSV mRNA synthesis and function of RNA pol at an intergenic region



Vesicular stomatitis virus mRNA map



Transcription and replication of the VSV genome



Infectious VSV can be produced by reverse genetics



Infectious VSV can be produced by reverse genetics







Generation of recombinant
oncolytic VSV vector

expressing IFN



VSV-HCV-C/E1/E2

Generation of 
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vaccine against HCV





VSV as a vector: generation of rVSV/EBOV

PHAC - 2003



rVSV/EBOV: a virus that can be used to fight
other virus infections



Ebola Outbreak in West Africa 2014



Ebola in West Africa nel 2014-2016



rVSV/EBOV: a VSV-based vaccine against Ebola

Phase III - Guinea - 2015



Phase 3 Efficacy Tria l- Guinea – 2015-2016

Lancet 2017; 389:505-518

rVSV/EBOV: a VSV-based vaccine against Ebola



1°Ebola Outbreak in DRC 2018 (May-June)
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EBOLA VIRUS DISEASE  



Ebola in DRC (since August 2018)



2°Ebola Outbreak in DRC 2018 (from August)
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Context 
 
North Kivu and Ituri are among the most populated provinces in the Democratic Republic of the Congo. North 
Kivu shares borders with Uganda and Rwanda. The provinces have been experiencing intense insecurity and a 
worsening humanitarian crisis, with over one million internally displaced people and continuous movement of 
refugees to neighbouring countries, including Uganda, Burundi and Tanzania. The Democratic Republic of the 
Congo is also experiencing multiple disease outbreaks, including three separate outbreaks of circulating 
vaccine-derived poliovirus type 2 (cVDPV2) in the provinces of Ituri, Mongola, Maniema and Haut Lomami, 
Tanganyika and Haut Katanga, and outbreaks of cholera, measles and monkeypox spread across the country.  
 
  

Figure 3: Geographical distribution of confirmed and probable Ebola virus disease cases in 
North Kivu and Ituri provinces, Democratic Republic of the Congo, 30 September 2018 (n=161)  
 



Ebola in DRC April 2019



Ebola in DRC July 2019



Ebola in DRC November 2019



u Viruses are not solely pathogenic
nuisances; they can be beneficial;…

u …they contribute to global ecological
homeostasis, keep our immune 
system active and alerted, and….

u …nevertheless, they can be used to 
design and develop virus-based
therapies….

u …to treat genetic diseases and 
cancer, and to deliver vaccines to 
prevent other infectious diseases.

u Not all viruses come to harm!!!

Virology AY 2019-20: take-home message…



…some interesting websites:

u http://viralzone.expasy.org/

u http://www.viprbrc.org/brc/home.do?decorator=vipr

u http://www.virology.net/garryfavwebindex.html

u http://jvi.asm.org/

u https:://asm.org/

…and for those who do not have enough…

http://jvi.asm.org/
https://www.asm.org/
http://jvi.asm.org/


May I remind you that…



Virology A.Y. 19-20   Course Grade Determination

Virology Final Exam

•The final exam will be a Moodle-based test of 11
questions with different formats (multiple choice,
true/false, filling in checklists) and 6 open questions for a
maximum grade of 32/30.

•Grading 31 and 32 will give rise to “ 30 cum laude”.

•Any additional points obtained by MMT and MRE will be
added to the final exam grade of the first exam session
(January 27, 2020 - February 26, 2020; 2.00 pm).



• Final exam: January 27 and February 26, 2020 
(Morpho Lab. - 2.00 pm)

• Presentations available on the Moodle platform 

• Textbook available at the DBIOS library

• Office hours: on email appointment

Virology A.Y. 19-20   Course Grade Determination

To sum up…



Thank you

Dont’ forget what you have learned
here!!!



these viruses interferon inducing and prevent the matrix
protein from blocking nucleocytoplasmic transport and
inhibiting host-cell transcription. Wild type and mutant
strains of VSVare both able to induce the expression of the
gene encoding interferon-b but the mutant viruses fail to
block the export and translation of the interferon message
[16]. These viruses are significantly attenuated in vivo by
the induction of interferon following infection, but are still
able to infect and kill tumor cells both in vitro and in vivo.
The induction of interferon and other antiviral genes by
these viruses generates a ‘cytokine cloud’ that protects the
host not only from the mutant virus, but also from any
wild-type virus present in the inoculums (Figure 4) [16].
This strategy for viral attenuation reduces the risk posed
by reverted or mutated viruses that might arise during
preparation of the therapeutic virus. In addition, this
strategy produces an efficacious oncolytic virus, which is
less toxic than a recombinant virus that is engineered to
express interferon, because the expression levels of
interferon can be controlled by the host. These viruses
are attenuated through a loss of function mutation that
can be only corrected in a limited number of ways, whereas
exogenous genes added to therapeutic viruses can be
inactivated by a great variety of mutations, potentially
eliminating the useful properties supplied by that gene. To
further enhance the stability of AV1 and AV2, amino acid
deletions have been engineered that should make rever-
sion to the wild-type VSV strains unlikely.

Advantages of VSV as a therapeutic virus
ManygroupshavesuggestedthatRNAviruses, suchasVSV,
might prove to be superior to DNA viruses for oncolytic
applications [47], for a variety of reasons. For example, VSV
is a rapidly growing virus that can be produced to very high
titers inbioreactorsor inwell-characterizedmammaliancell
lines. It has been estimated that one liter of culture
supernatant could yield sufficient VSV to vaccinate one
billion people [32]. This is a crucial issue in the production of
viral therapeutics. Furthermore, VSV is a relatively
innocuous virus that, even in its most virulent state, causes
mild disease in ruminants and humans. In North America,
at least, it is unlikely that humans have come into contact
with VSV and so will not have pre-existing immunity to it.
VSV replicates quickly and might be able to mediate a
significant (or even a complete) response before the patient
develops an acquired immunity to the virus (which might
limit the effectiveness of subsequent treatments). Further-
more, the interferon-inducing mutants described might
serve as adjuvants for the development of effective anti-
tumor immune responses by inducing the expression of
multiple mediators of the immune system.

Concluding remarks
Viral therapeutics have the promise of becoming biological
agents that function at the cellular level for the treatment
of human diseases. VSV has been an important basic
research tool for many years, but is now approaching entry
into the clinical realm. Becausewe know a great deal about
the molecular biology and epidemiology of this virus, it is
possible to engineer new strains that would function as
safe and effective vaccines or, alternatively, as killers of

diseased cells. However, despite all that is known about
the replication and epidemiology of natural VSV infec-
tions, a new field of research focusing on how to deliver
pharmaceutical viruses, how they interact with the host,
the effects of the immune system, the measures of efficacy
and the impact of virus shedding on the environment now
needs to be addressed. There have been several significant

Figure 4. Induction of a cytokine cloud by attenuated vesicular stomatitis viruses
(VSVs) protects normal cells from viral infection, whereas cancer cells are elimi-
nated. (a) Infection of normal cells (depicted as pale-orange, lozenge shaped cells)
by interferon-inducing mutants of VSV (green bullets) enables these ‘sentinel cells’
(green) to respond by expressing and producing several cytokines, including type I
interferons. (b) This generates a ‘cytokine cloud’ in the infected host that estab-
lishes an anti-viral state in neighboring cells, thus protecting them from infection
by VSV. Many malignant cells (depicted as spiked cells, blue when uninfected,
green when VSV infected) are non-responsive to interferon and continue to remain
susceptible to infection and killing by VSV, despite the presence of these cytokines.
The cytokine cloud generated by these viruses can also protect the host from co-
administered wild-type virus, thereby reducing the risk associated with reverted
clones [16]. (c) Malignant cells are killed as a result of the viral infection: normal
cells are unharmed. When used for vaccination, these vectors will induce an array
of cytokines that can act as natural adjuvants.
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VSV as an oncolytic virus

The natural preference of VSV for 
replication in transformed cells


