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The Ebola virus outbreak in West Africa from 2014-2016 has been
the largest outbreak known in history. More than 28.000 human
cases of Ebola virus disease have been reported, of which more
than 11.000 patients died. In the most severely affected countries
Guinea, Sierra Leone and Liberia, the epidemic reached unprece-
dented dimensions with disastrous economic and humanitarian
consequences for the local population.

Ebolaviruses are zoonotic viruses that can be transmitted from in-
fected animals to humans. Bats have been widely discussed to act
as a natural virus reservoir. However, unequivocal proof for this
hypothesis is still missing.

Furthermore, very little is known about the potential role of li-
vestock and domestic animals in Ebola virus ecology and the po-
tential spillover into the human population.

After the initial spillover into the human population however, hu-
man-to-human transmission is the predominant route of trans-
mission and responsible for the rapid spread of the virus.

Although the zoonotic origin of Ebola virus outbreaks in humans
has been known for a long time, there is a lack of knowledge con-
cerning the susceptibility of different animal species, their role as
potential intermediate hosts for ebolaviruses in general and the
pathogenesis in these hosts. |

Aim of this project was, in a close collaboration between the FLI,
IPGui, SLARI and NU, to study the role of livestock, domestic ani-
mals and wildlife as potential reservoir and amplifying hosts in
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ebolavirus infections. The project further aimed to develop diag-
nostic assays for the detection of ebolavirus infections in relevant
animal species, which were then supposed to be implemented in
the respective African partner laboratories according to the capac-
ity building aspect of this project. An additional aim was the de-
velopment of detection methods for novel or even unknown vi-
ruses related to ebolaviruses.

As part of the capacity building, two PhD students from Sierra Le-
one and Guinea were trained at FLI over several weeks. Key topics
included practical trainings in well-established laboratory meth-
ods as well as theoretical lessons in biosafety and virology. Fur-
thermore, the PhD students gained knowledge and experience in
the scientific presentation of laboratory results. Following their
 stay at the FLI, the students were accompanied by FLI staff back to
their home countries, in order to transfer the newly gained
knowledge to their home institutions. These attempts were sup-
ported by teaching local laboratory staff in biosafety and labora-
tory methods. Besides educating local staff, another focus has
been to implement a functional and sustainable laboratory infra-
structure in Sierra Leone and Guinea by supporting partners in
their efforts to procure relevant equipment.

Apart from laboratory analyses, the safe sampling of animals was
trained in multi-day workshops. Here, particular emphasis was put
on safe sampling of livestock, domestic animals and bats. After
'sampling, the PhD students and lab staff were trained in both the
analysis of the collected samples as well as the interpretation of
the data. To this.end a number of serological and molecular assays
have been established at FLI to be used for the detection of ebo-
lavirus infections in relevant animal species. Particularly the indi-
‘rect ELISA as an important first screening assay of sera has been
successfully implemented in all partner institutions. Further, pro-
tocols for modern third generation sequencing methods were es-
tablished and published in a scientific journal, and the African |
partners were trained in this method during a workshop held at
the Institut Pasteur in Guinea.
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‘Psing the whole panel of newly established serological tests, the

analysis of pig serum samples from Sierra Leone and Guinea sug-
gests an exposure of pigs to ebolaviruses or ebolavirus-like vi-
ruses. However, it remains to be further investigated whether pigs
have been exposed to a known, pathogenic ebolavirus or rather to
a novel, antigenically related ebolavirus of unknown pathogenic
and/or zoonotic potential. So far, this work has resulted in two
original articles published in relevant scientific journals. |

Furthermore, the analysis of 300 dog serum samples from Sierra
Leone revealed serological evidence for a past ebolavirus expo-
sure. Here, based on our information with regards to the age of
these dogs, exposure of them to the highly pathogenic ebolavirus
that caused the West African outbreak is likely to have occurred
during this outbreak. However, ebolavirus-specific seroconversion
was also detected in younger animals, suggesting a more recent
virus contact. Nonetheless, a role of dogs as a so-called virus res-
ervoir seems rather unlikely, considering the spatial proximity to
humans and the small number of recorded outbreaks. Future stud-
ies should investigate whether dogs act as passive virus carriers
mechanically spreading the virus after licking and feeding on in-
fected carcasses or fomites, or whether dogs can actually replicate
and shed infectious virus. The latter would increase the likelihood |
of potential transmission to humans.

These serological investigations were complemented by basic re-
search efforts assessing the susceptibility of cells from more than
30 different animal species to ebolaviruses as well as the related
marburg- and cuevaviruses. To this end a number of assays were
developed that allow these kinds of analyses in absence of infec-
tious virus. This has the advantage that for this work no extensive
infrastructure is necesSary (work with infectious ebolaviruses has
to be performed in maximum containment laboratories with the
highest biosafety level 4), so that they can be performed in regular
laboratories in a safe manner. In addition, they allow rapid inves-
tigations of novel or newly discovered viruses related to ebo-
lavirus. In order to find such viruses, a novel detection system was
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developed, which detects the presence of ebolavirus-related vi-
ruses in a biological sample not by detecting virus components, as
is the usual strategy, but rather visualizes their biological activity.

In summary, the Ebola Foresight project has been the starting
point for collaborations between the participating countries and
“institutions. Moreover, it has initiated the education and training
of young African scientists, resulted in the availability of novel de-
tection and analysis methods for ebolaviruses and related viruses,
| and has contributed to our understanding of the role of pigs and
' dogs in ebolavirus epidemiology.
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Figure 1: Participants of the Kick-off Meeting in Conakry, Guinea, in June 2016.
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Fié&re 4: Ipressions collected durihg wdrkshops in Guinea and Siera Leone. Left: Loading the
MinION third generation sequencing device. Middle: Participants of a sequencing workshop in
Guinea. Right: In the lab in Sierra Leone.

Figure 5: Closure Meeting of the Ebola Foresight Project with all project partners at the premises
of the Institut Pasteur Guinea in Conakry.

In terms of sustainability, we strongly recommend to continue
the project activities that have just shown to gain momentum.




