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against radiological and histopathological pneumonia
after MERS coronavirus challenge in rhesus macaques,”
it remains difficult to interpret the relevance of
the immunogenicity parameters that were assessed
in humans in the phase 1 trial given our poor
understanding of protective natural immune responses.
Modjarrad and colleagues sought to bridge this gap
in a post-hoc analysis by obtaining samples from ten
MERS
coronavirus infection during the 2015 outbreak in
South Korea (convalescent serum and peripheral blood
mononuclear cell samples were obtained at a mean of
19-8 months [SD 0-7] after the original MERS diagnosis).
Anti-S1 and neutralising antibody titres following
natural infection were significantly higher than vaccine-
induced responses in the acute phase, but were not
different to vaccine in late convalescent samples and at
similar post-vaccination timepoints.

Given the differences between S1-ELISA and
neutralising antibody responses to GLS-5300, the
comparison of post-natural infection versus post-
vaccination responses will have an important role in the
development of vaccines against sporadically occurring
pathogens such as MERS coronavirus. Despite many
challenges for development, the platform technologies
on which vaccines such as GLS-5300 are based hold
promise against novel pathogen threats because
of the rapidity with which they can be formulated
and manufactured; four MERS coronavirus vaccine
candidates that have started phase 1 trials are based
on different platform technologies.® Completion of the

individuals who had recovered from natural

phase 1 trial of GLS-5300 represents an incremental but
important step in the development of vaccines against
emerging viral global threats.
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Use of reverse genetics to inform Ebola outbreak responses

Since 1976, Ebola viruses have caused sporadic
outbreaks and epidemics throughout central and west
Africa. In recent years, the size and duration of these
outbreaks has grown exponentially, as exemplified
by over 28000 cases with more than 11000 deaths
in the 2013-16 west African epidemic. An ongoing
outbreak in the Ituri and North Kivu provinces of the
Democratic Republic of the Congo, began in July 2018
and has spilled over to Uganda, resulting in 2181 cases
and 1459 deaths (as of June 17, 2019).** By contrast,
previous outbreaks never reached more than a few
hundred cases and were generally short-lived, likely
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because of their emergence in relatively isolated
locations. Factors leading to the scale and duration of
the 2013-16 west African epidemic included, but were
not limited to, a highly mobile society, inadequate
public health infrastructure, and absence of an approved
vaccine. Many important advances in the understanding
of Ebola virus infection and recovery were made during
this outbreak, which contributed to the refinement
of medical countermeasures
therapeutics, and diagnostics.
The development of reverse genetics systems
(ie, techniques for the generation of infectious

including  vaccines,
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virus entirely from cloned genetic constructs) has
substantially contributed to our understanding of the
molecular pathogenesis of a number of high-priority
viruses, including Ebola? The technique has also
proven invaluable for the generation of recombinant
experimental vaccines against these agents, including
the primary vaccine in use in the current outbreak in
DR Congo, rVSV-ZEBOV.* In 2001-02, the first filovirus
reverse genetics systems were described and valuable
information about the role of viral proteins was
examined;>® since then, the technique has been used
in vaccine efforts for a number of filoviruses,* and to
understand the host adaptation” and attenuation
mechanisms.*

In The Lancet Infectious Diseases, Laura K McMullan
and colleagues™ present the first occasion in which
reverse genetics technology has been used to generate
an Ebola virus isolate using sequence information
from an ongoing filovirus outbreak where isolates
were not readily available. The engineered isolate
contains a fluorescent reporter protein (Zoanthus
green fluorescent protein) that allows virus growth to
be quantified by measuring fluorescence in infected
cells. McMullan and colleagues assessed the efficacy of
investigational therapies against Ebola virus disease
and the sensitivity of diagnostic assays approved for
emergency use in the 2018 outbreak. Importantly, the
authors showed that investigational therapies being
tested in clinical trials in DR Congo (including remdesivir
and ZMapp monoclonal antibodies)? are effective
against viruses known to be circulating in the outbreak.
The Ebola diagnostic assays approved for emergency use
by the US Centers for Disease Control and Prevention
and WHO detected Ituri Ebola virus with high sensitivity
despite primer site binding mismatches.

Ensuring that medical countermeasures against Ebola
viruses are available and effective is crucial to timely and
targeted outbreak management, and indeed a number
of promising vaccine candidates, therapeutics, and rapid
diagnostic assays have been approved for emergency
use.! However, countermeasures are all of limited value
if they cannot reach the target population because
of safety concerns caused by civil conflict in affected
areas. Furthermore, their efficacy is dependent on the
availability of information about the exact virus isolate
responsible for the outbreak. Although heroic efforts
have been made by Congolese scientists and those

with the Institut National de Recherche Biomédicale
(Kinshasa, DR Congo) and United States Army Medical
Research Institute of Infectious Diseases (Fort Detrick,
MD, USA) to ensure sequence information is available
to the scientific community, only predictive inferences
can be made about the efficacy of any medical
countermeasure used in the current outbreak. During
the 2013-16 west African epidemic, viral isolates were
made available to the scientific community shortly after
the onset of the outbreak, which clearly assisted in the
generation and validation of experimental vaccines,
therapeutics, and diagnostics against the new Makona
outbreak strain.»* Additionally, a lot was learned about
the pathogenesis of the 2013-16 Makona strain through
the use of animal models, including ferrets and non-
human primates.**®

The findings by McMullan and colleagues™ support the
continued testing of investigational therapies against
Ebola virus disease in the ongoing outbreak, and have
renewed confidence in the Ebola assays approved for
emergency use. Further work is needed to characterise
host responses to infection with this engineered Ebola
isolate compared with other Ebola isolates. In vivo
verification of antiviral and vaccine candidate efficacy is
of equal importance to strengthen global confidence in
new medical countermeasures and make the necessary
refinements.
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