COMMENTARY AND OPINIONS

New rules needed to stop the Ebola epidemic

We are currently facing an Ebola epidemic that can assume huge proportions unless more effective counter-
measures are implemented. Although vaccines and anti-virals exist, standard rules stipulate that none of
them are ready for use on human beings. The World Health Organization (WHO) has now given approval for
experimental interventions to be deployed. This is a wise move, but it may still be too cautious and too late.

I recently spent some time in Monrovia,
Liberia on commission from Médecins
Sans Frontiéres (MSF). During my stay [
was able to see for myself how this disease
can eradicate healthy families in the space
of a few days. The ongoing Ebola epidemic
is the most severe so far. It is too early to
say how it will evolve since there is no
overview of how widespread or contagious
the virus is. The duration and extent of the
epidemic indicates that this virus will not be
weakened through the chain of infection.
Its epidemiological reproduction rate (R)
in this outbreak is estimated at 1.6—-2.0,
with an incubation period of 15 days (1),
although this is based on measurements that
were taken while containment measures
were still functioning.

At present the capacity of the medical
support network allows only a small pro-
portion of those infected to be cared for.

It is likely that local communities will
themselves implement countermeasures

to contain contagion. I saw one group from
a local community who had had their faces
painted white to indicate that they were
suspected Ebola patients. If the crisis gets
much worse, there is every reason to fear
that more drastic measures may be put in
place. Unless the global community man-
ages to mobilise the necessary resources
swiftly enough, in the worst case the
poorest countries could experience an epi-
demic of huge proportions accompanied by
a humanitarian catastrophe resulting from
the disintegration of social structures, law-
lessness and a halt in production, imports
and food distribution.

Promising vaccines

The Ebola virus is classified into several
subtypes, and the virus in question in West
Africa is the Zaire Ebola virus. Untreated,
the mortality rate from this subtype is
80-90 %, but survival can be somewhat
improved by supportive care (2). In addi-
tion to attempting to combat the epidemic
by contact tracing and isolation, it would
be advantageous to be able to administer
vaccines and to provide antiviral treatment.
An expert panel discussion arranged by
WHO on 11 August 2014 concluded that in
this situation the initiation of experimental
interventions on patients could be accepted
for drugs that do not have a scientifically
documented effect and that are not fully
validated with regard to safety and adverse
effects in humans. The expert panel set
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several requirements: such use was to
follow the ethical rules (including informed
consent), the distribution of such treatment
had to be carried out fairly, and all data
involved in the treatment were to be syste-
matically gathered to enable professionals
to learn from them (3). They did not expli-
citly mention that this should be done in the
form of placebo-controlled clinical trials,
even though — as was concluded in a sub-
sequent commentary in The Lancet (4) —
this is the best way of avoiding confoun-
ding factors.

A vaccine developed by GlaxoSmithKline
(GSK) and the National Institute of Allergy
and Infectious Diseases (NIAID) is now
ready for phase 1 trials in the UK, Gambia
and Mali as soon as ethical approval has
been granted. It is hoped that the vaccine’s
safety will be clarified before the end of this

«Time Is against
us in this particular
epidemic»

year so that clinical trials can then be initi-
ated on populations in the areas at risk. This
vaccine is based on a live viral vector, the
chimpanzee adenovirus type 3 (ChAd3),
with genetic material from the Ebola virus.
According to a press release from GSK, stu-
dies on primates that were infected with the
Ebola virus show promising protection (5).

Another promising Ebola vaccine plat-
form, developed by the Public Health
Agency of Canada among others, is based
on the recombinant vesicular stomatitis
virus (rVSV) (6). A trial of various rVSV
vaccines provided 100 % protection against
the Ebola virus pre-exposure in primates,
but did not elicit cross-immunity between
the Zaire Ebola virus and the Sudan Ebola
virus (7). Surprisingly enough, the vaccines
could also be used post-exposure. In experi-
ments with the Marburg virus — a virus in
the same taxonomic family as the Ebola
virus — five out of six primates survived
when the vaccine was administered 24
hours after they had been given a fatal dose
of the virus, and two out of six survived
when it was administered 48 hours after-
wards (8).

Bavaria Nordic is also working on an

Ebola vaccine, and is planning to start
phase 1 studies in 2015 (9). The possibility
of vaccinating healthcare workers, hygiene
staff and infected contact persons against
the Ebola virus will represent a large step
forward, although time is against us in

this particular epidemic. Ultra-fast ethical
approval of the trials by WHO and national
health authorities will be crucial.

Drug therapy

There is no registered antiviral medication
with documented effect against the Ebola
virus in humans. A publication from 1999
demonstrated the effect of a number of
nucleoside analogues (S-adenosylhomocys-
teine hydrolase inhibitors) on the Ebola virus
in cell cultures. One of them, Ca-c3Ado, was
tested on mice. With the Ebola virus dose
that was given, all the untreated mice died
after five to seven days, while all those that
were given more than 0.7 mg/kg Ca-c3Ado
from day 0—1 survived. Survival rates when
treatment was started on days 2 and 3 were
90 % and 40 % respectively (10). The fact
that these findings have not been followed
up illustrates that so far the Ebola virus has
been a low-priority field.

The nucleoside analogue BCX4430,
which acts on both the Ebola virus and the
Marburg virus, was given to primates one
hour, 24 hours and 48 hours after they were
infected with the Marburg virus. Seventeen
out of 18 primates in the treatment group
survived, while all six in the control group
died. Consideration is now being given to
starting phase 1 trials of BCX4430 (11, 12).
Yet another drug — TKM-Ebola, based on
siRNA — is at the phase 1 trial stage (13).
Another treatment principle could be gluco-
sidase inhibitors, which hinder the morpho-
genesis of the virus (14).

In two studies, specific monoclonal anti-
bodies had an effect on primates that started
the medicine one hour and 24 hours respec-
tively after they were infected with the
Ebola virus (15, 16). This drug has been
given to Ebola patients under the name of
ZMapp as so-called compassionate treat-
ment. As far as [ have been able to ascertain
from the media coverage, only seven people
with the Ebola virus infection have so far
been given ZMapp. Five have survived,
of whom at least two were already getting
better when they were given the drug. As
yet it is impossible to say whether it has any
effect. Stocks have now run out, and it will
take a long time to produce more. A drug
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that is so complicated to produce will of
necessity be extremely expensive, and it is
difficult to believe that it will ever be used
for large outbreaks in countries with few
resources.

At an expert panel meeting on 5 Sep-
tember 2014 WHO decided to attempt to
give infected patients transfusions of blood
from people who had survived the Ebola
virus infection (17). The only scientific
publication on this is a report from the
Democratic Republic of the Congo that
describes how seven out of eight Ebola
patients who were given blood from con-
valescent patients survived (18). Treatment
involving blood transfusions will generate
considerable logistic problems in a disaster
situation where there is hardly sufficient
capacity to take care of the dead. In the long
term it may be possible to develop an anti-
Ebola virus immunoglobulin antibody.

New rules

A potentially fruitful approach is to seek
efficacy against the Ebola virus among
drugs that have already been registered
and tried out and where adverse effects and
safety for human beings have already been
well validated. Madrid and his colleagues
found that chloroquine has an anti-Ebola
virus effect, with nine out of ten mice in the
treatment group surviving (19). The mice
were given a far higher dose of chloroquine
than that used in the treatment of malaria.
Another study tested oestrogen receptor
inhibitors in vitro and in a mouse model
(20). It was found that 90 % of the mice sur-
vived if they were injected with chlomip-
hene one hour after being given an injection
of a fatal dose of the Ebola virus. Chlomi-
phene is normally used to correct anovula-
tion. It has been on the market so long that
there are now generic substitutes, and it is
therefore cheap and easily available.

A new Japanese antiviral — T-705 (favi-
piravir) — is currently undergoing phase 3
trials for use against influenza. When this
medicine was tested on mice, all the mice
that were treated on day 6 after they were
infected with the Ebola virus survived (after
signs of the disease had begun to be appa-
rent), while all the mice in the control group
died. The mice that received treatment from
day 8 did not show a significantly better
survival rate than the control group (21).
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In my opinion the global community should
now assign high priority to testing more
drugs that are already available for their
possible effect against the Ebola virus.
This would allow trials of combination
therapies to be initiated as quickly as pos-
sible to avoid resistance development.

Ideally drug efficacy should be tested
on primates with the Ebola virus infection
before a clinical trial is implemented in
humans. Antivirals’ point of attack is the
virus rather than the host organism. Experi-
ments on mice will therefore be more rele-
vant with regard to use in humans than if,
for example, blood pressure medicine is
being tested. The main differences will
apply to pharmacokinetics, the adverse-
effect profile and toxicity. Experiments
with primates are resource-intensive,
somewhat risky and take time to prepare.
The question must also be raised as to
whether in this case it is more ethical to
infect primates with the Ebola virus than
to give some Ebola patients a chance. The
Ebola epidemic situation is so precarious
and the time factor so critical that in my
view changing the rules can be defended
for the public good. WHO’s decision to
now allow the use of experimental Ebola
treatment directly in human beings seems
to be a wise one.

Gunnar Hasle
hasle@reiseklinikken.com

Gunnar Hasle (born 1954) is a specialist in
infectious diseases and runs the travel clinic
Reiseklinikken in Oslo. His PhD thesis was
at the point of intersection between zoology
and medicine.

The author has completed the ICMJE form
and declares no conflicts of interest.

References

1. Fisman D, Khoo E, Tuite A. Early epidemic dyna-
mics of the West African 2014 Ebola outbreak:
Estimates derived with a simple two-parameter
model. PLoS Curr 2014; e-publisert 8.9.2014.

2. Peters CJ. Marburg and Ebola virus hemorrhagic
fevers. I: Mandell, Douglas and Bennets’s. Prin-
ciples and practise of infectious diseases. Chur-
chill Livingstone 2000; 1821-1823.

3. WHO. Ethical considerations for use of unregiste-
red interventions for Ebola virus diseaes (EVD).
www.who.int/mediacentre/news/statements/2014/
ebola-ethical-review-summary/en/ (16.9.2014).

COMMENTARY AND OPINIONS

4. Rid A, Emanuel EJ. Ethical considerations of
experimental interventions in the Ebola outbreak.
Lancet 2014; e-publisert 22.8.2014.

5. GSK press releases. www.gsk.com/en-gb/media/
press-releases/2014/ebola-vaccine-trials-fast-
tracked-by-international-consortium/ (16.9.2014).

6. Geisbert TW, Feldmann H. Recombinant vesicular
stomatitis virus-based vaccines against Ebola
and Marburg virus infections. J Infect Dis 2011;
204 (suppl 3): S1075-81.

7. Jones SM, Feldmann H, Stroher U et al. Live
attenuated recombinant vaccine protects non-
human primates against Ebola and Marburg
viruses. Nat Med 2005; 11: 786-90.

8. Geisbert TW, Hensley LE, Geisbert JB et al. Post-
exposure treatment of Marburg virus infection.
Emerg Infect Dis 2010; 16: 1119-22.

9. Bavarian-Nordic. Bavarian Nordic accelerates
Ebola vaccine development programs in collabo-
ration with the U.S. National Institutes of Health.
www.bavarian-nordic.com/investor/news.aspx?
news=4073 (16.9.2014).

10. Huggins J, Zhang Z-X, Bray M. Antiviral drug
therapy of filovirus infections: S-adenosylhomo-
cysteine hydrolase inhibitors inhibit Ebola virus
invitro and in a lethal mouse model. J Infect Dis
1999: 179 (suppl 1): S240-7.

11. Warren TK, Wells J, Panchal RG et al. Protection
against filovirus diseases by a novel broad-spec-
trum nucleoside analogue BCX4430. Nature 2014;
508: 402-5.

12. Bray N. Spanner in the works of filovirus infection.
Nat Rev Drug Discov 2014; e-publisert 11.4.2014.

13. Tekmira. About investigational TKM-Ebola thera-
peutic. www.tekmira.com/pipeline/tkm-ebola.php
(16.9.2014).

14. Chang J, Ju-Tao G, Du Y et al. Imino sugar gluco-
sidase inhibitors as broadly active anti-filovirus
agents. Emerg Microbes Infect 2013; 2: e77.

15. Olinger GG Jr, Pettitt J, Kim D et al. Delayed treat-
ment of Ebola virus infection with plant-derived
monoclonal antibodies provides protection in
rhesus macaques. Proc Natl Acad Sci U S A 2012;
109: 18030-5.

16. Qiu X, Audet J, Wong G et al. Successful treatment
of ebola virus-infected cynomolgus macaques with
monoclonal antibodies. Sci Transl Med 2012; 4:
38ra81.

. Butler D. Blood transfusion named as priority
treatment for Ebola. Therapy uses serum from
disease survivors, but data on effectiveness is
scarce. Nature 2014; e-publisert 5.9.2014.

18. Mupapa K, Massamba M, Kibadi K et al. Treatment
of Ebola hemorrhagic fever with blod transfusions
from convalescent patients. J Infect Dis 1999; 179
(suppl 1): 18-23.

19. Madrid PB, Chopra S, Manger ID et al. A syste-
matic screen of FDA-approved drugs for inhibitors
of biological threat agents. PLoS ONE 2013; 8:
e60579.

20. Johansen LM, Brannan JM, Delos SE et al. FDA-
approved selective estrogen receptor modulators
inhibit Ebola virus infection. Sci Transl Med 2013;
5: 190ra79.

21. Qesterreich L, Ludtke A, Wurr S et al. Successful
treatment of advanced Ebola virus infection with
T-705 (favipinavir) in a small mammal model. Anti-
viral Res 2014; 105: 17-21.

~

Received 16 September 2014, approved 20 Septem-
ber 2014. Editor Hanne Stgre Valeur.

1827




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


