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Abstract

There is currently no effective treatment for the Ebola virus (EBOV) thus far. Most drugs and vaccines developed to
date have not yet been approved for human trials. Two FDA-approved c-AbI1 tyrosine kinase inhibitors Gleevec
and Tasigna block the release of viral particles; however, their clinical dosages are much lower than the dosages
required for effective EBOV suppression. An α-1,2-glucosidase inhibitor Miglustat has been shown to inhibit EBOV
particle assembly and secretion. Additionally, the estrogen receptor modulators Clomiphene and Toremifene
prevent membrane fusion of EBOV and 50-90% of treated mice survived after Clomiphene/Toremifene treatments.
However, the uptake efficiency of Clomiphene by oral administration is very low. Thus, I propose a hypothetical
treatment protocol to treat Ebola virus infection with a cumulative use of both Miglustat and Toremifene to inhibit
the virus effectively and synergistically. EBOV infection induces massive apoptosis of peripheral lymphocytes. Also,
cytolysis of endothelial cells triggers disseminated intravascular coagulation (DIC) and subsequent multiple organ
failures. Therefore, blood transfusions and active treatments with FDA-approved drugs to treat DIC are also
recommended.

Keywords: Ebola virus infection, Disseminated intravascular coagulation, Glycosylation inhibitors, Miglustat,
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Review
In the recent outbreak of the Ebola virus (EBOV) in
Africa, more than 20,000 people were infected causing
more than 8,000 deaths this year (recorded until January
14, 2015). No specific treatment for the Ebola virus is
available, as of yet. Vaccines have been recently developed
[1,2] and human trials are scheduled to begin shortly.
However, there is still a long way before these vaccines
can be applied clinically. Positively charged phosphorodia-
midate morpholino oligomers (PMOplus) are effective in
the treatment of EBOV [3]. BCX4430 is a type of adeno-
sine analogue, which can also inhibit viral replication [4].
TKM-Ebola, the most promising gene therapy agent, has
only recently entered phase I clinical trials [5]. Currently,
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neither antibodies nor existing drugs can directly relieve
the hemorrhagic fever symptom, and they are usually inef-
fective when applied later than 4 days after infection
(interferon-α at day 1 post-infection combined with an
antibody mixture at the fourth day are also effective, but
not any later) [6]. Furthermore, most of these are newly
developed drugs (antibodies) without FDA approval and
treatment may not be economically feasible for thousands
of African patients (Figure 1 and Table 1).
Viral infection often leads to excessive host immune

responses, which may cause death. In this case, the body
attacks itself [7]. If the excessive immune response was
restrained, the virus could possibly be cleared later by
the body's immune mechanisms (if the virus is
recognizable by the human immune system), similar to
the influenza virus [7]. In the last year, I proposed an
“Avian Influenza Cocktail Therapy” (AICT) to control
excessive inflammation and inhibit viral replication [7].
Here I put forward a similar treatment protocol for
Ebola virus infection, which includes two suggestions:
(a) Combined inhibition of glycosylation of viral GP pro-
tein (by Miglustat, presumably) and EBOV intracellular
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Figure 1 Flow chart algorithm for the literature search.

Yuan Infectious Diseases of Poverty  (2015) 4:23 Page 2 of 10
receptor NPC1 (by Toremifene, presumably) which may
limit viral spread and force the virus to be exposed
under the monitoring of the host immune system; (b)
Blood transfusion which may control EBOV-induced
acute DIC, an excessive immune response.

Methods
For the purpose of this scoping review, I conducted a lit-
erature search of peer reviewed papers in electronic da-
tabases for the period up to December 2014. The
purpose of the search and literature review was to as-
semble published articles and reports associated with
this review, as well as to identify any drugs to treat
EBOV infection on any level (in-vitro cell culture, animal
models or non-human primates) and their limitations.
The three main databases used in the search procedure
were PubMed, ScienceDirect, and ISI Web of Science.
We employed the keywords: ‘Ebola’, ‘drug’, with or
without ‘FDA’. These keywords were entered into the
‘Title’, ‘Abstract’ and ‘Keywords’ fields in the databases.
Through this search, we obtained a total of 320 results
without the keyword ‘FDA’ and 20 results with the keyword
‘FDA’. These were screened for relevancy, resulting in a
total of 42 research papers without ‘FDA’ and 10 research
papers with ‘FDA’ which were analyzed for this review
(Figure 1). For each drug, its side-effects were further ex-
plored in the three main databases with the keyword ‘side
effect’ or ‘adverse effect’ and the drug’s name (Figure 1).

Results and discussion
Current drugs and treatments
Antiserum transfer
Levels of neutralizing antibodies are always low in
EBOV-infected patients, likely because of glycosylation
of the viral surface glycoprotein GP [8,9]. On the other
hand, GP glycosylation induces antibody-dependent viral
enhancement (see next section for details) [10,11].
Therefore, simple transfer of antiserum from convales-
cing patients did not protect recipient patients. On the
contrary, plasma or serum from convalescing patients
undesirably enhanced the infection of primate kidney
cells by the EBOV [10].



Table 1 Drugs for inhibiting EBOV replication

Drug generic name (trade name) FDA
approvement

Evidence in living
animals with EBOV
infections

Max human clinical
dosage ≥ concentration to
effective EBOV inhibition

Safety (side effects) References

EBOV antibodies No (in phase
I trial)

Yes Not available In assessing [1,2,6]

TIM-1 antibody No No Not available Not available [15,16]

PMOplus No Yes Not available Not available [3]

BCX4430 No Yes Not available Not available [4]

TKM-Ebola No (in phase
I trial)

Yes Not available In assessing [5]

Ouabain No No Not available Toxic in high levels [14]

Imatinib (Gleevec or Glivec) Yes No No A little [17]

Nilotinib (Tasigna) Yes No No A little [17]

Miglustat Yes Yes Yes (by oral admin.) A little [23]

Benzylpiperazine adamantane
diamide

No No Not available Not available [26]

Clomiphene (Androxal, Clomid
or Omifin)

Yes Yes Yes (by injection) A little [27,28]

Toremifene (Fareston or Acapodene) Yes Yes Yes (by oral admin.) A little [27,28]

Amiodarone (Cordarone, or Nexterone),
Dronedarone (Multaq) or Verapamil
(Calan or Isoptin)

Yes No Not available Risk of QT prolongation
(cardiotoxicity)

[27,29]

Amiloride (Midamor) Yes No Not available A little [30,31]

Chloroquine (Aralen) Yes No Ineffective for primates A little [32,33]

Favipiravir (Avigan) No Yes Suboptimal for primates A little [35]

Yuan Infectious Diseases of Poverty  (2015) 4:23 Page 3 of 10
Interferon and drugs targeting VP24 protein
The innate immune reaction after EBOV infection is
characterized by a “cytokine storm,” with hypersecretion
of numerous proinflammatory cytokines, chemokines,
and growth factors, and by the noteworthy absence of
antiviral interferon-α2 [12]. Viral VP24 protein binds kar-
yopherin alpha nuclear transporters, inhibiting nuclear
import of the transcription factor STAT1, therefore pre-
venting interferon production [13]. However, a single
treatment with interferon cannot cure EBOV infection, al-
though interferon enhances the EBOV-specific adaptive
immune response as well as inhibits viral replication [6].
Recently, researchers identified several proteins which
interact with VP24 and found a small molecule inhibitor,
Ouabain, which can inhibit EBOV replication in human
lung cells [14]. However, Ouabain is not FDA-approved,
and may be toxic in high concentrations. Besides, there is
no experimental evidence for Ouabain in living animals
infected with EBOV available so far (Figure 2 and Table 1).
Drugs targeting TIM-1
T-cell Ig and mucin domain 1 (TIM-1) protein is a
cellular receptor for EBOV [15]. TIM-1 and related PS-
binding proteins promote infection of diverse families of
enveloped viruses [16]. Therefore, a monoclonal antibody
against TIM-1 blocked EBOV binding and infection [15].
However, small molecules targeting TIM-1 have not yet
been developed (Figure 2).
Drugs targeting c-AbI1
Two leukemia drugs, Gleevec (Imatinib) and Tasigna
(Nilotinib) lower the Ebola virus’ replication ability by
inhibiting c-AbI1 tyrosine kinase [17]. c-AbI1 is required
for tyrosine phosphorylation of the Ebola matrix protein
VP40, which is involved in the release of Ebola virus par-
ticles. Productive replication (TCID50) of the highly
pathogenic Ebola virus Zaire strain was inhibited by 20
μM Nilotinib by up to four orders of magnitude [17].
However, the plasma concentrations of Imatinib or
Nilotinib usually reached 2–3 μM at the normal dosages
[18,19]. Even at the maximal dosages (two times of the
normal dosage), the plasma concentrations (about 6 μM)
are still far below the concentration for effective EBOV
inhibition (20 μM) [17]. Besides, there is also no experi-
mental evidence with living animals showing clinical
validity to EBOV infection (Figure 2 and Table 1). Thus,
neither Imatinib nor Nilotinib are currently used for
EBOV therapy currently.



Figure 2 Model of the therapeutic mechanisms at the subcellular level: Drugs are shown with the stroke red color. EBOV, Ebola virus; L, viral RNA
polymerase L protein. In addition to the viral surface glycoprotein (GP trimer), EBOV directs the production of large quantities of a truncated
glycoprotein isoform (sGP dimer) that is secreted into the extracellular space. sGP can absorb anti-GP neutralizing antibodies (green ‘Y’) [9]. On
the other hand, another antibody against glycosylated GP peptides is generated (purple ‘Y’), which enhances virus infection. The complement
component C1q increases the likelihood of viral attachment to the cell surface [10,11]. Inhibition to GP glycans (dark-blue dot outside the GP
protein) may reduce this antibody-dependent enhancement (ADE) ideally. Miglustat is a clinically-approved glycosidase inhibitor. Three derivates
of Miglustat showed significant in-vitro antiviral activities against EBOV [23]. T-cell Ig and mucin domain 1 (TIM-1) and Niemann-Pick C1 (NPC1) are
cellular receptors for EBOV [15,25]. The membrane fusion mediated by EBOV glycoproteins and viral escape from the vesicular compartment
require the NPC1 protein [25]. Most NPC1 inhibitors are benzylpiperazine adamantane diamide derivates, non-FDA-approved drugs [26]. Recent
studies showed that Clomiphene and Toremifene are novel NPC1 inhibitors and act as potential inhibitors of EBOV [27,28]. Viral VP24 protein
inhibits nuclear import of the transcription factor STAT1, preventing interferon production [13]. Ouabain inhibits this process [14]. Two leukemia
drugs Gleevec and Tasigna lower Ebola virus replication by inhibiting c-AbI1 tyrosine kinase, which is required for the release of Ebola virus
particles [17].
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Glycosylation inhibitors
In addition to the viral surface glycoprotein (GP trimer),
EBOV directs the production of large quantities of a
truncated glycoprotein isoform (sGP dimer) that is se-
creted into the extracellular space. sGP can efficiently
compete for anti-GP antibodies and therefore absorb
anti-GP neutralizing antibodies [9]. The crystal structure
of sGP showed that the glycan cap surrounding EBOV
GP likely forms a shield that protects it from antigen-
antibody binding, which is central to its immune evasion
[8,20]. GP glycosylation inhibits neutralizing antibody
production. Subsequently, another antibody against glyco-
sylated GP peptides (the mucin-like domain) is generated,
which enhances viral infection (infecting more endothelial
cells and inducing extensive endothelial cell death). Com-
plement component C1q enables binding between the
virus-antibody complex and C1q ligands on the cell
surface, promoting interaction between the virus and its
receptor. Binding of the virus via the C1q molecule
increases the likelihood of viral attachment to the cell sur-
face [10,11]. Inhibition of GP glycans would ideally reduce
this antibody-dependent enhancement (ADE).
The glycans that reside on the outside of GP are very

complex in nature [8]. Therefore, glycosidases (especially
the peptide-N-glycosidase) cannot reach the cleavage
site efficiently. To target GP we must find another way
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to prevent (or change) the formation of the glycan cap. As
of now, Miglustat (N-butyldeoxynojirimycin, American
Actelion Pharms, for Gaucher’s Disease) is the only
clinically-approved glycosidase inhibitor. It is a D-glucose
analogue, which alters protein glycol processes within the
endoplasmic reticulum (ER) and inhibits the interactions
between folding glycoproteins and the ER chaperones cal-
nexin and calreticulin by alpha 1,2-glucosidase inhibition
[21,22]. The anti-viral effects of Miglustat have been well-
documented in mammalian cells. It changes the viral
envelope N-glycan composition and inhibits human im-
munodeficiency virus (HIV) entry (fusion) by a combined
effect of a reduction in virion GP120 content and a quali-
tative defect of GP120 shedding and GP41 exposure
[21,22]. For human hepatitis B virus (HBV), Miglustat pre-
vents the secretion of enveloped DNA and causes the
intracellular accumulation of excessive amounts of the en-
velope protein M [21].
EBOV GP proteins are heavily glycosylated and thus

should be very sensitive to Miglustat. This assumption
has been proved recently. Three derivates of Miglustat
showed significant in-vitro antiviral activities against
EBOV. Additionally, in a mouse model, high survival
rates (50-70%) were observed for the Miglustat-derivate-
treated animals [23]. Another recent study found that
the removal of all GP1 N-glycans outside the mucin-like
domain led to increases in protease sensitivity and anti-
body sensitivity, but also undesirably enhanced viral cell
entry (fusion) [24]. Therefore, I presume that Miglustat
may inhibit EBOV replication at the secretion or/and
envelopment steps, like the mechanism to HBV. Besides,
alteration to the EBOV GP glycan cap may also increase
viral sensitivity to neutralizing antibodies, stimulate
neutralizing antibody generation, and reduce the antibody-
dependent enhancement (ADE, mentioned above), which
would require further investigation (Figure 2 and Table 1).

NPC1 inhibitors
The endo/lysosomal cholesterol transporter protein
Niemann-Pick C1 (NPC1) is the intracellular receptor
to EBOV [25]. Cells defective for NPC1 function,
including primary fibroblasts derived from human
Niemann-Pick type C1 disease patients, are resistant to
infection by Ebola virus. The membrane fusion medi-
ated by EBOV glycoproteins and viral escape from the
vesicular compartment require the NPC1 protein. Inhib-
ition to NPC1 activity restricted the virus particles in cel-
lular vesicular compartments [25]. However, most NPC1
inhibitors are benzylpiperazine adamantane diamide deri-
vates; non-FDA-approved drugs [26]. In vitro screening of
readily available approved drugs showed that selective es-
trogen receptor modulators Clomiphene and Toremifene
are novel NPC1 inhibitors and act as potential inhibitors
of EBOV (Figure 2 and Table 1) [27,28]. Although the
survival rate of Toremifene treatment was only 50% (90%
for Clomiphene), its effective concentration (2 μM) for
EBOV inhibition (over 50%) was much lower than that of
Clomiphene (10 μM) [28].
Besides Clomiphene and Toremifene, other cationic

amphiphiles, including Amiodarone, Dronedarone, and
Verapamil, also have been identified as potent inhibitors
of the entry of the EBOV in a NPC1-dependent fashion
[27,29]. However their effectiveness has only been
proven in in-vitro cell culture assays. There is also no
experimental evidence with living animals showing
their clinical effectiveness against EBOV infections
(Figure 2 and Table 1).

Other FDA-approved drugs
The Na+/K+ exchanger Amiloride inhibits virus uptake
by macropinocytosis [30,31], however, experimental evi-
dence with living animals is still lacking. Chloroquine in-
duces alkalinization of endosomes and prevents the acid
pH-dependent cleavage of Ebola virus GP by endosomal
proteases cathepsin B and L [32,33]. However, proteo-
lytic processing of the EBOV glycoprotein has been
demonstrated to not be critical for EBOV replication in
cell culture or nonhuman primates [34]. Favipiravir is a
broad-spectrum inhibitor of viral RNA polymerase that
is able to inhibit the replication of many RNA viruses.
However, the survival benefit by oral administration was
suboptimal in nonhuman primates. Only one of the
six animals tested survived [35]. Antioxidants (such as
N-acetylcysteine) could also be used to treat some
viral infections, however clinical trials of some antioxi-
dants in humans showed negative or ambiguous results
or insignificant benefits [36]. These drug candidates
for EBOV therapy have been recently summarized in a
review [37].

Drug effective concentration calculation for humans
Effective concentration calculation for Miglustat
25–75 mg/kg (50–150 μM/kg) Miglustat derivates at a
12-h interval were administrated for EBOV-infected
mice and survival rates were achieved [23]. These dos-
ages for mice are equal to 5.5-16.5 μM/kg (85–250 mg
each time, 170–500 mg/day) for humans. The standard
dosage for human Gaucher’s disease is 100 mg each, 3
times a day. And the maximum daily dose is 600 mg,
which is a little higher than above maximum dosage
(500 mg/day).
Furthermore, we should not only calculate the dosage

based on the body weight. Considering that endothelial
cells are the main targets of EBOV, the drug plasma con-
centration may merit more relevance. 10 μM or higher
concentration of Miglustat derivatives achieved inhib-
ition ratios of over 50% to Ebola virus [23]. A single dose
of 100 mg Miglustat administration resulted in the
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maximum plasma concentration of about 3–5 μM (in-
fluenced by food-intake). The plasma concentration
reaches a maximal value within 4 hours, while the half-
life time t1/2 is approximately 8 hours [38]. If 100 mg
Miglustat is administered every 4 hours, 6 times a day,
the plasma concentration would be stabilized at approxi-
mately 10 μM after 24 hours (contrastingly 12-hour inter-
val causes a large fluctuation; Figure 3). Sustained high
levels of Miglustat would inhibit viral replication persist-
ently, and its curative effect would be much better than
the situation with a large fluctuation, where the virus can
be replicated intermittently. The side-effects of Miglustat
include tremors, diarrhea, numbness, thrombocytopenia,
and some gastrointestinal reactions [38]. This low-dose,
short-interval drug-administration method may help to
reduce these adverse reactions. If 200 mg Miglustat is
administered every 8 hours, 3 times a day, the plasma con-
centration will be also higher than 10 μM after 24 hours
(Figure 3), however this dose could lead to increased ad-
verse reactions.
Figure 3 Accumulative plasma levels of Miglustat and Clomiphene (Torem
Miglustat, three conditions are calculated: 250 mg each at an interval of 12
200 mg each at an interval of 8 hours (the maximum dosage and the no
(as suggested here). Plasma level of 250 mg/day Clomiphene (injection)
administration). Grey line indicates the supposed plasma level after sing
accumulative plasma levels of each drug. Purple line marks the concent
h, hours. d, days.
Effective concentration calculation to Clomiphene and
Toremifene
A high level of 60 mg/kg (100 μM/kg, 2-day interval)
Clomiphene/Toremifene was used for EBOV-infected
mice and high survival rates were achieved [28]. This
dosage for mice is equal to 11 μM/kg (400 mg/day, 2-day
interval) for humans.
A single dose of 250 mg Clomiphene (the maximum

daily dose) administration resulted in a maximum plasma
concentration of about 3–4 μM. The minimum concen-
tration required for effective EBOV inhibition is 10 μM
[28]. However, Clomiphene is degradated very slowly (t1/2
is 5–7 days) [39], and therefore, a plasma concentration of
10 μM would be achieved after a second administration of
the drug (Figure 3).
This plasma concentration of Clomiphene can only be

achieved via intravenous injection. For Clomiphene, the
plasma concentration by oral administration is about
27–50 times lower than the plasma concentration by
intravenous injection [40]. In a mouse model, Clomiphene
ifene) of different dosages and administration intervals in primates: For
hours (equal to the dosage and the interval for the mouse model);
rmal interval for humans); 100 mg each at an interval of 4 hours
is approximately equal to that of 600 mg/day Toremifene (oral
le drug administration. Red line or blue line shows the calculated
ration for effective EBOV inhibition as indicated in cell culture assay.



Yuan Infectious Diseases of Poverty  (2015) 4:23 Page 7 of 10
was also applied by the intraperitoneal injection method
[28]. Considering that Clomiphene injection is not fre-
quently used and inconvenient for African patients, oral
administration of Toremifene could be adopted instead. A
plasma concentration of 600 mg Toremifene by oral ad-
ministration is approximately equal to the plasma concen-
tration of 250 mg Clomiphene by intravenous injection
(14 μM on days 4; Table 1 and Figure 3) [41]. The side-
effects of Toremifene include hidrosis, metrorrhagia,
pruritus, fatigue, dizziness, headache, depression, and
other neurological symptoms, which are less severe than
Clomiphene [39].

Suggestion of Miglustat and Toremifene combination
Here I suggest the combination of both Miglustat and
Toremifene to treat and possibly cure EBOV infection.
Miglustat works at the secretion/envelopment step [23],
while Toremifene functions at the entry/fusion step [28].
They act through different mechanisms and thus should
be used in combination. A single use of Miglustat cannot
inhibit virus replication significantly (50-70% survival rates
were observed for the Miglustat-derivate-treated animals,
but not for Miglustat itself ) [23]. While application of
Toremifene alone could neither alter GP glycosylation nor
excite neutralizing antibody generation, and therefore the
remnant virus cannot be cleared efficiently. Only through
this combination, the lethal EBOV infection may be
cured. Toremifene is a NPC1 inhibitor [27,28]. High
levels of NPC1 inhibitors may cause a symptom similar
to Niemann-Pick disease, due to NPC1-inhibition-induced
cholesterol and sphingomyelin accumulation [42]. Luckily,
Miglustat is supposed to alleviate Niemann-Pick neuro-
logical symptoms by inhibiting sphingomyelin synthesis
[43]. In other words, Miglustat may partly alleviate the
side-effects of Toremifene.

Disseminated intravascular coagulation and possible
treatment options
Disseminated intravascular coagulation (DIC)
Although endothelial cells are the targets of EBOV, the
vascular endothelium remains relatively intact even at
terminal stages of disease [44]. The hemorrhagic fever is
not the direct result of EBOV-induced cytolysis of endo-
thelial cells, and is likely triggered by some immune-
mediated mechanisms: The virus itself and its toxins
damage vascular endothelial cells, induce activator XII,
kallikrein, and bradykinin, further activating the coagula-
tion system [45]. Bradykinin also causes blood vessels to
dilate (vasodilation) and therefore may cause hypotension
and shock [46]. DIC is subsequently induced [47,48].
Prolonged prothrombin and partial thromboplastin

[45] suggest microcirculation disturbance and the exist-
ence of these micro-thrombi during EBOV-infection.
EBOV-infection also induces a dramatic rise in circulating
D-dimers [45], indicating hyperfibrinolysis. Thus, both an-
ticoagulants (heparin or protein C) and anti-fibrinolytic
drugs (tranexamic acid) should be used for DIC patients
to prevent later multiple organ failure [47,48].

Blood transfusion
Acute DIC develops into the consumptive and hypocoa-
gulable stage very quickly, accompanied by acidosis [47].
Mechanical injuries to red blood cells and hemolysis
subsequently cause hemoglobin release, while free heme
causes severe oxidative damage [47]. DIC patient need
fresh blood to supply erythrocytes, fibrinogen, and co-
agulation factors (including platelets). Moreover, blood
transfusion also helps to balance serum electrolytes and
reduce oxidative stress. The innate immune reactions
after EBOV infection have been characterized as a “cyto-
kine storm”. Great immunosuppression occurs later,
which is characterized by very low levels of circulating
cytokines produced by T lymphocytes and by massive
apoptosis of peripheral CD4 and CD8 lymphocytes [12].
Blood transfusion could supply these cytokines and T
lymphocytes and therefore enhance the patient’s im-
mune system.

Haptoglobin
Adverse clinical effects associated with excessive free
hemoglobin can be attributed to several specific struc-
tural and biochemical properties of the hemoglobin mol-
ecule, and are caused by the following four mutually
interacting mechanisms: (a) extravascular translocation
of hemoglobin, which is a principal requirement for
hemoglobin and hemin to be able to induce their ad-
verse reactions in tissues; (b) nitric oxide and oxidative
reactions; (c) release of free hemin; and (d) molecular-
signaling effects of hemin. Haptoglobin can neutralize
hemoglobin and hemin and scavenge nitric oxide and
physiologic oxidants, preventing hemolytic transfusion
reactions and hemolysis-induced acute renal failure
[49,50]. A human plasma-derived haptoglobin product
has been approved for clinical use in Japan since 1985.
The effective haptoglobin doses ranges from 3 g to > 20
g [50]. Haptoglobin may be very helpful for the late-
stage patients.

Conclusions and perspective clinical trials
Among the possible FDA-approved drugs to treat Ebola
virus infection, Miglustat, Clomiphene, and Toremifene
are the most promising, with preclinical evidence in liv-
ing animals. Three derivates of Miglustat showed signifi-
cant in vitro antiviral activities against EBOV. In a
mouse model, significant survival rates (50-70%) were
observed for their treatments. The survival rate of mice
was 50-90% after Clomiphene/Toremifene treatments.
However, the uptake efficiency of Clomiphene by oral
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administration is very low. Thus, oral administration of
Toremifene is recommended. Miglustat works at the
secretion/envelopment step, while Toremifene functions
at the entry/fusion step. They act through different
mechanisms and thus should be used in combination. A
Single dose of Miglustat cannot inhibit virus replication
significantly. Meanwhile, application of Toremifene alone
cannot initiate neutralizing antibody generation, and
therefore the remnant virus cannot be cleared efficiently.
Only through this combination, the lethal EBOV infection
may be cured.
The effective dosages of Miglustat and Toremifene for

mice were much higher than those clinically used for
humans. Here I put forward a hypothetical treatment
protocol with cumulative uses of both Miglustat and
Toremifene to control EBOV effectively and synergistic-
ally. A comprehensive treatment protocol to EBOV in-
fection is proposed (Table 2). Miglustat and Toremifene
are FDA-approved drugs with oral availability, good
safety, and tolerability profiles and a long history of use.
The oral availability of these drugs offers great utility in
the resource-constrained geographical regions where
outbreaks of EBOV infection occur. With the evidences
in animal experiments and the effective plasma concen-
tration calculated here, this treatment protocol may be
Table 2 Suggested treatment protocol to EBOV infection

Stage Symptoms Sug

I. 2–3 days after onset Nausea and vomiting, diarrhea and
mucobloody stool, long-lasting
diarrhea [46]

a) M
inter

b) To
cons

c) W

II. 4–5 days after onset Hematemesis and melena, injection
area bleeding, hemorrhinia, hemoptysis,
sustained fever, accompanying myocarditis
or pneumonia [46]

a) M

b) To

c) 20

III. 6–7 days after onset Measles-like maculopapular rash at
shoulders, palms and feet, then spreading
throughout the body, desquamation
several days later [46]

a) M

b) To

c) 40
(hep
may

IV. 8–9 days after onset Possible kidney failure or liver failure,
orchitis, orchiatrophy, et al. [46]

a) M

b) To

c) 80
(hep
be u

d) 6–
(if av

Notes: (1) Miglustat and Toremifene should be used for patients in the latent period
Miglitol or other analogues without side chain alkylation [23]. (3) If 100 mg Miglusta
8 hours may be applied instead (as calculated in Figure 2). (4) Ebola infections prog
The low-dose, short-interval drug-administration method should not be applied for
because it may be not feasible on the large scale. Blood transfusion Tranexamic aci
Adequate heparin must be used before the application of anti-fibrinolytic drugs [47
body weight.
ready for human clinical trials. However, given the con-
straints of the FDA animal rules and the World Health
Organization (WHO) guidance, studies in non-human
primates to assess this treatment strategy are usually re-
quired before the advancement to human clinical trials.
There needs to be some level of efficacy demonstrated
in non-human primates through an administration route
and dosages similar to those that would be used in
humans. Furthermore, with all combinational therapies,
there is a potential antagonistic interaction(s) and/or
potential increase in cytotoxicity or toxicity in the animal
model, which should be also clarified before entering hu-
man clinical trials. Miglustat is a D-glucose analogue,
while Toremifene is a cationic amphiphile (a dimethy-
lethanamine derivate with three benzene rings). Therefore,
there should be no direct interaction between the two
drugs. Nevertheless, considering the severity of the
current outbreak, I hope the treatment protocol could be
approved by the World Health Organization (WHO)
and applied to patients tentatively (phase I clinical trial).
Alternatively, tests in non-human primates should be
carried out immediately before the human trial.
Because of its high mortality rate and infectious na-

ture, EBOV usually causes psychological panic among
the patients and the public that is more serious than the
gested drugs/treatments Matters needing attention

iglustat (100 mg each at an
val of 4 hours)

a,b) Until fully viral clearance. c)
If haemorrhage occurs, see
Stage II.

remifene (600 mg/day for 5
ecutive days, 2 days rest)

ater and electrolyte supply

iglustat (6 × 100 mg/day) a,b) Until fully viral clearance. c)
One or two more blood transfusions
in the later days, if symptoms persist.
If acute DIC occurs, see Stage III.

remifene (600 mg, 5 days)

0–400 ml blood transfusion

iglustat (6 × 100 mg/day) a,b) Until fully viral clearance. c) One
or two more blood transfusions. DIC
must be treated to prevent multiple
organ failures.

remifene (600 mg, 5 days)

0–800 ml blood transfusion
arin and tranexamic acid
be used)

iglustat (6 × 100 mg/day) a,b) Until fully viral clearance. c) One
or two more blood transfusions.
Massive blood transfusion or
hemodialysis may be adopted
if available.

remifene (600 mg, 5 days)

0 ml or more blood transfusion
arin and tranexamic acid should
sed)

20 g human plasma haptoglobin
ailable) [51]

upon diagnosis of EBOV infection. (2) Miglustat may not be replaced by
t at an interval of 4 hours is not feasible, 200 mg Miglustat at an interval of
ress very fast, thus the virus replication should be inhibited in the first time.
Toremifene (as calculated in Figure 2). (5) Blood transfusion is not obligatory,
d may be replaced by 4-aminomethyl benzoic acid or 6-amino acetic acid.
,48]. (6) Reduced dosages should be adopted for children according to their
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disease itself. In Africa, some EBOV patients refuse
treatment and some other patients are hidden by their
families, because of psychological panic [51]. However,
these actions have accelerated viral spread and made
epidemic prevention very difficult. Thus, if Miglustat
and Toremifene, two FDA-approved drugs, are effective
for humans, the panic may be eliminated and the current
outbreak may be better controlled, in addition to poten-
tially saving thousands of lives.

Additional file

Additional file 1: Multilingual abstracts in the six official working
languages of the United Nations.

Abbreviations
ADE: Antibody-dependent enhancement; AICT: Avian influenza cocktail
therapy; DIC: Disseminated intravascular coagulation; EBOV: Ebola virus;
ER: Endoplasmic reticulum; FDA: Food and drug administration; HBV: Human
hepatitis B virus; HIV: Human immunodeficiency virus; NPC1: Niemann-Pick
C1; PMOplus: Positively charged phosphorodiamidate morpholino oligomers;
TCID50: Tissue culture infective dose 50%; TIM-1: T-cell Ig and mucin domain
1; WHO: World Health Organization.

Competing interests
The author declares that they have no competing interests.

Author contributions
S.Y. contributed in writing this review and producing its figures.

Acknowledgments
We thank LetPub for its linguistic assistance during the preparation of this
manuscript. This work was supported by the National Natural Science
Foundation of China (31300207), the Preeminent Youth Fund of Sichuan
Province (2015JQO045) and the Support Program of Sichuan Agricultural
University (03570305).

Received: 18 January 2015 Accepted: 13 April 2015

References
1. Wilson JA, Hevey M, Bakken R, Guest S, Bray M, Schmaljohn AL, et al.

Epitopes involved in antibody-mediated protection from Ebola virus. Science.
2000;287:1664–6. Available: http://www.ncbi.nlm.nih.gov/pubmed/10698744.
Accessed 10 December 2014.

2. Pettitt J, Zeitlin L, Kim Do H, Working C, Johnson JC, Bohorov O, et al.
Therapeutic intervention of Ebola virus infection in rhesus macaques with
the MB-003 monoclonal antibody cocktail. Sci Transl Med. 2013;5:199ra113.
Available: http://www.ncbi.nlm.nih.gov/pubmed/23966302. Accessed 10
December 2014.

3. Warren TK, Warfield KL, Wells J, Swenson DL, Donner KS, Van Tongeren SA,
et al. Advanced antisense therapies for postexposure protection against
lethal filovirus infections. Nat Med. 2010;16:991–4. Available: http://
www.ncbi.nlm.nih.gov/pubmed/20729866. Accessed 10 December 2014.

4. Warren TK, Wells J, Panchal RG, Stuthman KS, Garza NL, Van Tongeren SA,
et al. Protection against filovirus diseases by a novel broad-spectrum
nucleoside analogue BCX4430. Nature. 2014;508:402–5. Available: http://
www.ncbi.nlm.nih.gov/pubmed/24590073. Accessed 10 December 2014.

5. Geisbert TW, Lee AC, Robbins M, Geisbert JB, Honko AN, Sood V, et al.
Postexposure protection of non-human primates against a lethal Ebola virus
challenge with RNA interference: a proof-of-concept study. Lancet.
2010;375:1896–905. Available: http://www.ncbi.nlm.nih.gov/pubmed/
20511019. Accessed 10 December 2014.

6. Qiu X, Wong G, Fernando L, Audet J, Bello A, Strong J, et al. mAbs and
Ad-vectored IFN-α therapy rescue Ebola-infected nonhuman primates when
administered after the detection of viremia and symptoms. Sci Transl Med.
2013;5:207ra143. Available: http://www.ncbi.nlm.nih.gov/pubmed/24132638.
Accessed 10 December 2014.

7. Yuan S. Drugs to cure avian influenza infection – multiple ways to prevent
cell death. Cell Death Dis. 2013;4:e835. Available: http://www.ncbi.nlm.nih.
gov/pubmed/24091678. Accessed 10 December 2014.

8. Lee JE, Fusco ML, Hessell AJ, Oswald WB, Burton DR, Saphire EO. Structure
of the Ebola virus glycoprotein bound to an antibody from a human
survivor. Nature. 2008;454:177–82. Available: http://www.ncbi.nlm.nih.gov/
pubmed/18615077. Accessed 20 December 2014.

9. Mohan GS, Li W, Ye L, Compans RW, Yang C. Antigenic subversion: a novel
mechanism of host immune evasion by Ebola virus. PLoS Pathog.
2012;8:e1003065. Available: http://www.ncbi.nlm.nih.gov/pubmed/23271969.
Accessed 20 December 2014.

10. Takada A, Feldmann H, Ksiazek TG, Kawaoka Y. Antibody-dependent
enhancement of Ebola virus infection. J Virol. 2003;77:7539–44. Available:
http://www.ncbi.nlm.nih.gov/pubmed/12805454. Accessed 20 December
2014.

11. Nakayama E, Tomabechi D, Matsuno K, Kishida N, Yoshida R, Feldmann H,
et al. Antibody-dependent enhancement of Marburg virus infection. J Infect
Dis. 2011;204(Suppl3):S978–85. Available: http://www.ncbi.nlm.nih.gov/
pubmed/21987779. Accessed 20 December 2014.

12. Wauquier N, Becquart P, Padilla C, Baize S, Leroy EM. Human fatal zaire
ebola virus infection is associated with an aberrant innate immunity and
with massive lymphocyte apoptosis. PLoS Negl Trop Dis. 2010;4:e837.
Available: http://www.ncbi.nlm.nih.gov/pubmed/20957152. Accessed 20
December 2014.

13. Xu W, Edwards MR, Borek DM, Feagins AR, Mittal A, Alinger JB, et al. Ebola
virus VP24 targets a unique NLS binding site on karyopherin alpha 5 to
selectively compete with nuclear import of phosphorylated STAT1. Cell Host
Microbe. 2014;16:187–200. Available: http://www.ncbi.nlm.nih.gov/pubmed/
25121748. Accessed 10 December 2014.

14. García-Dorival I, Wu W, Dowall S, Armstrong S, Touzelet O, Wastling J, et al.
Elucidation of the Ebola virus VP24 cellular interactome and disruption of
virus biology through targeted inhibition of host cell protein function.
J Proteome Res. 2014;13:5120–35. Available: http://www.ncbi.nlm.nih.gov/
pubmed/25158218. Accessed 10 December 2014.

15. Kondratowicz AS, Lennemann NJ, Sinn PL, Davey RA, Hunt CL, Moller-Tank
S, et al. T-cell immunoglobulin and mucin domain 1 (TIM-1) is a receptor for
Zaire Ebolavirus and Lake Victoria Marburgvirus. Proc Natl Acad Sci USA.
2011;108:8426–31. Available: http://www.ncbi.nlm.nih.gov/pubmed/
21536871. Accessed 10 December 2014.

16. Jemielity S, Wang JJ, Chan YK, Ahmed AA, Li W, Monahan S, et al. TIM-family
proteins promote infection of multiple enveloped viruses through virion-
associated phosphatidylserine. PLoS Pathog. 2013;9:e1003232. Available: http://
www.ncbi.nlm.nih.gov/pubmed/23555248. Accessed 10 December 2014.

17. García M, Cooper A, Shi W, Bornmann W, Carrion R, Kalman D, et al. Productive
replication of Ebola virus is regulated by the c-Abl1 tyrosine kinase. Sci Transl
Med. 2012;4:123ra24. Available: http://www.ncbi.nlm.nih.gov/pubmed/
22378924. Accessed 10 December 2014.

18. Gronchi A, Blay JY, Trent JC. The role of high-dose imatinib in the management
of patients with gastrointestinal stromal tumor. Cancer. 2010;116:1847–58.
Available: http://www.ncbi.nlm.nih.gov/pubmed/20166214. Accessed 25
December 2014.

19. Larson RA, Yin OQ, Hochhaus A, Saglio G, Clark RE, Nakamae H, et al.
Population pharmacokinetic and exposure-response analysis of nilotinib in
patients with newly diagnosed Ph+ chronic myeloid leukemia in chronic
phase. Eur J Clin Pharmacol. 2012;68:723–33. Available: http://
www.ncbi.nlm.nih.gov/pubmed/22207416. Accessed 25 December 2014.

20. Cook JD, Lee JE. The secret life of viral entry glycoproteins: moonlighting in
immune evasion. PLoS Pathog. 2013;9:e1003258. Available: http://
www.ncbi.nlm.nih.gov/pubmed/23696729. Accessed 20 December 2014.

21. Mehta A, Zitzmann N, Rudd PM, Block TM, Dwek RA. Alpha-glucosidase
inhibitors as potential broad based anti-viral agents. FEBS Lett.
1998;430:17–22. Available: http://www.ncbi.nlm.nih.gov/pubmed/
9678587. Accessed 20 December 2014.

22. Chang J, Block TM, Guo JT. Antiviral therapies targeting host ER
alpha-glucosidases: current status and future directions. Antiviral Res.
2013;99:251–60. Available: http://www.ncbi.nlm.nih.gov/pubmed/
23816430. Accessed 10 December 2014.

23. Chang J, Warren TK, Zhao X, Gill T, Guo F, Wang L, et al. Small molecule
inhibitors of ER α-glucosidases are active against multiple hemorrhagic fever

http://www.idpjournal.com/content/supplementary/s40249-015-0055-z-s1.pdf
http://www.ncbi.nlm.nih.gov/pubmed/10698744
http://www.ncbi.nlm.nih.gov/pubmed/23966302
http://www.ncbi.nlm.nih.gov/pubmed/20729866
http://www.ncbi.nlm.nih.gov/pubmed/20729866
http://www.ncbi.nlm.nih.gov/pubmed/24590073
http://www.ncbi.nlm.nih.gov/pubmed/24590073
http://www.ncbi.nlm.nih.gov/pubmed/20511019
http://www.ncbi.nlm.nih.gov/pubmed/20511019
http://www.ncbi.nlm.nih.gov/pubmed/24132638
http://www.ncbi.nlm.nih.gov/pubmed/24091678
http://www.ncbi.nlm.nih.gov/pubmed/24091678
http://www.ncbi.nlm.nih.gov/pubmed/18615077
http://www.ncbi.nlm.nih.gov/pubmed/18615077
http://www.ncbi.nlm.nih.gov/pubmed/23271969
http://www.ncbi.nlm.nih.gov/pubmed/12805454
http://www.ncbi.nlm.nih.gov/pubmed/21987779
http://www.ncbi.nlm.nih.gov/pubmed/21987779
http://www.ncbi.nlm.nih.gov/pubmed/20957152
http://www.ncbi.nlm.nih.gov/pubmed/25121748
http://www.ncbi.nlm.nih.gov/pubmed/25121748
http://www.ncbi.nlm.nih.gov/pubmed/25158218
http://www.ncbi.nlm.nih.gov/pubmed/25158218
http://www.ncbi.nlm.nih.gov/pubmed/21536871
http://www.ncbi.nlm.nih.gov/pubmed/21536871
http://www.ncbi.nlm.nih.gov/pubmed/23555248
http://www.ncbi.nlm.nih.gov/pubmed/23555248
http://www.ncbi.nlm.nih.gov/pubmed/22378924
http://www.ncbi.nlm.nih.gov/pubmed/22378924
http://www.ncbi.nlm.nih.gov/pubmed/20166214
http://www.ncbi.nlm.nih.gov/pubmed/22207416
http://www.ncbi.nlm.nih.gov/pubmed/22207416
http://www.ncbi.nlm.nih.gov/pubmed/23696729
http://www.ncbi.nlm.nih.gov/pubmed/23696729
http://www.ncbi.nlm.nih.gov/pubmed/9678587
http://www.ncbi.nlm.nih.gov/pubmed/9678587
http://www.ncbi.nlm.nih.gov/pubmed/23816430
http://www.ncbi.nlm.nih.gov/pubmed/23816430


Yuan Infectious Diseases of Poverty  (2015) 4:23 Page 10 of 10
viruses. Antiviral Res. 2013;98:432–40. Available: http://www.ncbi.nlm.nih.gov/
pubmed/23578725. Accessed 10 December 2014.

24. Lennemann NJ, Rhein BA, Ndungo E, Chandran K, Qiu X, Maury W.
Comprehensive functional analysis of N-linked glycans on Ebola virus GP1.
MBio. 2014;5:e00862–13. Available: http://www.ncbi.nlm.nih.gov/pubmed/
24473128. Accessed 20 December 2014.

25. Carette JE, Raaben M, Wong AC, Herbert AS, Obernosterer G, Mulherkar N,
et al. Ebola virus entry requires the cholesterol transporter Niemann-Pick C1.
Nature. 2011;477:340–3. Available: http://www.ncbi.nlm.nih.gov/pubmed/
21866103. Accessed 10 December 2014.

26. Côté M, Misasi J, Ren T, Bruchez A, Lee K, Filone CM, et al. Small molecule
inhibitors reveal Niemann-Pick C1 is essential for Ebola virus infection.
Nature. 2011;477:344–8. Available: http://www.ncbi.nlm.nih.gov/pubmed/
21866101. Accessed 10 December 2014.

27. Shoemaker CJ, Schornberg KL, Delos SE, Scully C, Pajouhesh H, Olinger GG,
et al. Multiple cationic amphiphiles induce a Niemann-Pick C phenotype
and inhibit Ebola virus entry and infection. PLoS One. 2013;8:e56265.
Available: http://www.ncbi.nlm.nih.gov/pubmed/23441171. Accessed 10
December 2014.

28. Johansen LM, Brannan JM, Delos SE, Shoemaker CJ, Stossel A, Lear C, et al.
FDA-approved selective estrogen receptor modulators inhibit Ebola virus
infection. Sci Transl Med. 2013;5:190ra79. Available: http://www.ncbi.nlm.nih.gov/
pubmed/23785035. Accessed 10 December 2014.

29. Gehring G, Rohrmann K, Atenchong N, Mittler E, Becker S, Dahlmann F,
et al. The clinically approved drugs amiodarone, dronedarone and verapamil
inhibit filovirus cell entry. J Antimicrob Chemother. 2014;69:2123–31. Available:
http://www.ncbi.nlm.nih.gov/pubmed/24710028. Accessed 10 December 2014.

30. Saeed MF, Kolokoltsov AA, Albrecht T, Davey RA. Cellular entry of ebola
virus involves uptake by a macropinocytosis-like mechanism and
subsequent trafficking through early and late endosomes. PLoS Pathog.
2010;6:e1001110. Available: http://www.ncbi.nlm.nih.gov/pubmed/20862315.
Accessed 20 December 2014.

31. Hunt CL, Kolokoltsov AA, Davey RA, Maury W. The Tyro3 receptor kinase Axl
enhances macropinocytosis of Zaire ebolavirus. J Virol. 2011;85:334–47.
Available: http://www.ncbi.nlm.nih.gov/pubmed/21047970. Accessed 10
December 2014.

32. Gnirss K, Kühl A, Karsten C, Glowacka I, Bertram S, Kaup F, et al. Cathepsins B
and L activate Ebola but not Marburg virus glycoproteins for efficient entry
into cell lines and macrophages independent of TMPRSS2 expression.
Virology. 2012;424:3–10. Available: http://www.ncbi.nlm.nih.gov/pubmed/
22222211. Accessed 10 December 2014.

33. Misasi J, Chandran K, Yang JY, Considine B, Filone CM, Côté M, et al.
Filoviruses require endosomal cysteine proteases for entry but exhibit
distinct protease preferences. J Virol. 2012;86:3284–92. Available: http://
www.ncbi.nlm.nih.gov/pubmed/22238307. Accessed 10 December 2014.

34. Marzi A, Reinheckel T, Feldmann H. Cathepsin B & L are not required for
ebola virus replication. PLoS Negl Trop Dis. 2012;6:e1923. Available: http://
www.ncbi.nlm.nih.gov/pubmed/23236527. Accessed 20 December 2014.

35. World Health Organization. potential Ebola therapies and vaccines. 2014.
Available: http://www.who.int/csr/disease/ebola/ebola-new-interventions-02-
sep-2014.pdf. Accessed 2 October 2014.

36. Firuzi O, Miri R, Tavakkoli M, Saso L. Antioxidant therapy: current status and
future prospects. Curr Med Chem. 2011;18:3871–88. Available: http://
www.ncbi.nlm.nih.gov/pubmed/21824100. Accessed 25 December 2014.

37. Lai KY, Ng WYG, Cheng FF. Human Ebola virus infection in West Africa: a
review of available therapeutic agents that target different steps of the life
cycle of Ebola virus. Infect Dis Poverty. 2014;3:43. Available: http://
www.ncbi.nlm.nih.gov/pubmed/25699183. Accessed 25 December 2014.

38. van Giersbergen PL, Dingemanse J, van Giersbergen PL, Dingemanse J.
Influence of food intake on the pharmacokinetics of miglustat, an inhibitor
of glucosylceramide synthase. J Clin Pharmacol. 2007;47:1277–82. Available:
http://www.ncbi.nlm.nih.gov/pubmed/17720777. Accessed 25 December
2014.

39. Rostami-Hodjegan A, Lennard MS, Tucker GT, Ledger WL. Monitoring
plasma concentrations to individualize treatment with clomiphene citrate.
Fertil Steril. 2004;81:1187–93. Available: http://www.ncbi.nlm.nih.gov/
pubmed/15136073. Accessed 25 December 2014.

40. Szutu M, Morgan DJ, McLeish M, Phillipou G, Blackman GL, Cox LW, et al.
Pharmacokinetics of intravenous clomiphene isomers. Br J Clin Pharmacol.
1989;27:639–40. Available: http://www.ncbi.nlm.nih.gov/pubmed/2757886.
Accessed 25 December 2014.
41. Lara Jr PN, Gandara DR, Wurz GT, Lau D, Uhrich M, Turrell C, et al. High-dose
toremifene as a cisplatin modulator in metastatic non-small cell lung cancer:
targeted plasma levels are achievable clinically. Cancer Chemother Pharmacol.
1998;42:504–8. Available: http://www.ncbi.nlm.nih.gov/pubmed/9788578.
Accessed 25 December 2014.

42. Rosenbaum AI, Maxfield FR. Niemann-Pick type C disease: molecular
mechanisms and potential therapeutic approaches. J Neurochem.
2011;116:789–95. Available: http://www.ncbi.nlm.nih.gov/pubmed/20807315.
Accessed 25 December 2014.

43. Lyseng-Williamson KA. Miglustat: a review of its use in Niemann-Pick disease
type C. Drugs. 2014;74:61–74. Available: http://www.ncbi.nlm.nih.gov/
pubmed/24338084. Accessed 25 December 2014.

44. Geisbert TW, Young HA, Jahrling PB, Davis KJ, Larsen T, Kagan E, et al.
Pathogenesis of Ebola hemorrhagic fever in primate models: evidence that
hemorrhage is not a direct effect of virus-induced cytolysis of endothelial cells.
Am J Pathol. 2003;163:2371–82. Available: http://www.ncbi.nlm.nih.gov/
pubmed/14633609. Accessed 20 December 2014.

45. Paessler S, Walker DH. Pathogenesis of the viral hemorrhagic fevers. Annu
Rev Pathol. 2013;8:411–40. Available: http://www.ncbi.nlm.nih.gov/pubmed/
23121052. Accessed 20 December 2014.

46. Kaplan AP, Joseph K. Pathogenic mechanisms of bradykinin mediated
diseases: dysregulation of an innate inflammatory pathway. Adv Immunol.
2014;121:41–89. Available: http://www.ncbi.nlm.nih.gov/pubmed/24388213.
Accessed 25 December 2014.

47. Wada H, Matsumoto T, Yamashita Y, Hatada T. Disseminated intravascular
coagulation: Testing and diagnosis. Clin Chim Acta. 2014;436C:130–4.
Available: http://www.ncbi.nlm.nih.gov/pubmed/24792730. Accessed 25
December 2014.

48. Di Nisio M, Baudo F, Cosmi B, D'Angelo A, De Gasperi A, Malato A, et al.
Diagnosis and treatment of disseminated intravascular coagulation:
guidelines of the Italian Society for Haemostasis and Thrombosis (SISET).
Thromb Res. 2012;129(5):e177–84. Available: http://www.ncbi.nlm.nih.gov/
pubmed/21930293. Accessed 25 December 2014.

49. Levy AP, Asleh R, Blum S, Levy NS, Miller-Lotan R, Kalet-Litman S, et al.
Haptoglobin: basic and clinical aspects. Antioxid Redox Signal. 2010;12:293–304.
Available: http://www.ncbi.nlm.nih.gov/pubmed/19659435. Accessed 25
December 2014.

50. Schaer DJ, Buehler PW, Alayash AI, Belcher JD, Vercellotti GM. Hemolysis and
free hemoglobin revisited: exploring hemoglobin and hemin scavengers as
a novel class of therapeutic proteins. Blood. 2013;121:1276–84. Available:
http://www.ncbi.nlm.nih.gov/pubmed/23264591. Accessed 25
December 2014.

51. Borchert M, Mutyaba I, Van Kerkhove MD, Lutwama J, Luwaga H, Bisoborwa
G, et al. Ebola haemorrhagic fever outbreak in Masindi District, Uganda:
outbreak description and lessons learned. BMC Infect Dis. 2011;11:357.
Available: http://www.ncbi.nlm.nih.gov/pubmed/22204600. Accessed 25
December 2014.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.ncbi.nlm.nih.gov/pubmed/23578725
http://www.ncbi.nlm.nih.gov/pubmed/23578725
http://www.ncbi.nlm.nih.gov/pubmed/24473128
http://www.ncbi.nlm.nih.gov/pubmed/24473128
http://www.ncbi.nlm.nih.gov/pubmed/21866103
http://www.ncbi.nlm.nih.gov/pubmed/21866103
http://www.ncbi.nlm.nih.gov/pubmed/21866101
http://www.ncbi.nlm.nih.gov/pubmed/21866101
http://www.ncbi.nlm.nih.gov/pubmed/23441171
http://www.ncbi.nlm.nih.gov/pubmed/23785035
http://www.ncbi.nlm.nih.gov/pubmed/23785035
http://www.ncbi.nlm.nih.gov/pubmed/24710028
http://www.ncbi.nlm.nih.gov/pubmed/20862315
http://www.ncbi.nlm.nih.gov/pubmed/21047970
http://www.ncbi.nlm.nih.gov/pubmed/22222211
http://www.ncbi.nlm.nih.gov/pubmed/22222211
http://www.ncbi.nlm.nih.gov/pubmed/22238307
http://www.ncbi.nlm.nih.gov/pubmed/22238307
http://www.ncbi.nlm.nih.gov/pubmed/23236527
http://www.ncbi.nlm.nih.gov/pubmed/23236527
http://www.who.int/csr/disease/ebola/ebola-new-interventions-02-sep-2014.pdf
http://www.who.int/csr/disease/ebola/ebola-new-interventions-02-sep-2014.pdf
http://www.ncbi.nlm.nih.gov/pubmed/21824100
http://www.ncbi.nlm.nih.gov/pubmed/21824100
http://www.ncbi.nlm.nih.gov/pubmed/25699183
http://www.ncbi.nlm.nih.gov/pubmed/25699183
http://www.ncbi.nlm.nih.gov/pubmed/17720777
http://www.ncbi.nlm.nih.gov/pubmed/15136073
http://www.ncbi.nlm.nih.gov/pubmed/15136073
http://www.ncbi.nlm.nih.gov/pubmed/2757886
http://www.ncbi.nlm.nih.gov/pubmed/9788578
http://www.ncbi.nlm.nih.gov/pubmed/20807315
http://www.ncbi.nlm.nih.gov/pubmed/24338084
http://www.ncbi.nlm.nih.gov/pubmed/24338084
http://www.ncbi.nlm.nih.gov/pubmed/14633609
http://www.ncbi.nlm.nih.gov/pubmed/14633609
http://www.ncbi.nlm.nih.gov/pubmed/23121052
http://www.ncbi.nlm.nih.gov/pubmed/23121052
http://www.ncbi.nlm.nih.gov/pubmed/24388213
http://www.ncbi.nlm.nih.gov/pubmed/24792730
http://www.ncbi.nlm.nih.gov/pubmed/21930293
http://www.ncbi.nlm.nih.gov/pubmed/21930293
http://www.ncbi.nlm.nih.gov/pubmed/19659435
http://www.ncbi.nlm.nih.gov/pubmed/23264591
http://www.ncbi.nlm.nih.gov/pubmed/22204600

	Abstract
	Multilingual abstracts
	Review
	Methods
	Results and discussion
	Current drugs and treatments
	Antiserum transfer
	Interferon and drugs targeting VP24 protein
	Drugs targeting TIM-1
	Drugs targeting c-AbI1
	Glycosylation inhibitors
	NPC1 inhibitors
	Other FDA-approved drugs

	Drug effective concentration calculation for humans
	Effective concentration calculation for Miglustat
	Effective concentration calculation to Clomiphene and Toremifene

	Suggestion of Miglustat and Toremifene combination
	Disseminated intravascular coagulation and possible treatment options
	Disseminated intravascular coagulation (DIC)
	Blood transfusion
	Haptoglobin


	Conclusions and perspective clinical trials
	Additional file
	Abbreviations
	Competing interests
	Author contributions
	Acknowledgments
	References

