Postexposure Protection of Guinea Pigs
against a Lethal Ebola Virus Challenge
Is Conferred by RNA Interference
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Background. Ebola virus (EBOV) infection causes a frequently fatal hemorrhagic fever (HF) that is refractory
to treatment with currently available antiviral therapeutics. RNA interference represents a powerful, naturally
occurring biological strategy for the inhibition of gene expression and has demonstrated utility in the inhibition
of viral replication. Here, we describe the development of a potential therapy for EBOV infection that is based
on small interfering RNAs (siRNAs).

Methods. Four siRNAs targeting the polymerase (L) gene of the Zaire species of EBOV (ZEBOV) were either
complexed with polyethylenimine (PEI) or formulated in stable nucleic acid-lipid particles (SNALPs). Guinea pigs
were treated with these siRNAs either before or after lethal ZEBOV challenge.

Results. Treatment of guinea pigs with a pool of the L gene-specific siRNAs delivered by PEI polyplexes
reduced plasma viremia levels and partially protected the animals from death when administered shortly before
the ZEBOV challenge. Evaluation of the same pool of siRNAs delivered using SNALPs proved that this system
was more efficacious, as it completely protected guinea pigs against viremia and death when administered shortly
after the ZEBOV challenge. Additional experiments showed that 1 of the 4 siRNAs alone could completely protect

guinea pigs from a lethal ZEBOV challenge.
Conclusions.

Further development of this technology has the potential to yield effective treatments for EBOV

HF as well as for diseases caused by other agents that are considered to be biological threats.

Ebola virus (EBOV; family Filoviridae) is a single-
stranded, negative-sense RNA virus that is among the
best known of the viruses that cause hemorrhagic fever
(HF). Although outbreaks have been sporadic and geo-
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graphically restricted to areas of Central Africa, the HFs
caused by these viruses are remarkably severe and are
associated with high case fatality rates, which often ex-
ceed 80%. In addition to causing human infection, these
viruses have decimated populations of wild apes in Cen-
tral Africa [1]. Although significant advances have been
made in the development of vaccines to combat EBOV
infection, there are at present no vaccines or effective
therapies available for human use. There is clearly a need
to develop effective treatments that can be used to re-
spond to outbreaks of EBOV in Africa and to counter
acts of bioterrorism that may occur. In addition, the
unfortunate death of a Russian scientist after accidental
exposure to EBOV [2] underscores the need for medical
countermeasures for postexposure prophylaxis.

EBOV particles contain an ~19-kb noninfectious
RNA genome that encodes 7 structural proteins and 1
nonstructural protein, with a gene order of 3’ leader,
nucleoprotein (NP), virion protein (VP) 35, VP40, gly-
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coprotein, VP30, VP24, polymerase (L) protein, and 5’ trailer
[3]. Four of these proteins are associated with the viral genomic
RNA in the ribonucleoprotein complex: NP, VP30, VP35, and
the L protein. The L and VP35 proteins together comprise the
polymerase complex, which is responsible for transcribing and
replicating the EBOV genome. The L protein provides the RNA-
dependent RNA polymerase activity of the complex and, thus,
is an ideal target for antiviral approaches—not only because
its suppression should lead to a nearly total loss of all RNA
synthesis, but also because of the absence of similar proteins
in mammalian cells.

RNA interference (RNAi) represents a powerful, naturally
occurring biological strategy for inhibiting gene expression.
RNAIi has been used in cell-culture systems to inhibit the rep-
lication of a number of viruses that cause disease in humans,
including HIV, hepatitis B virus (HBV), hepatitis C virus, in-
fluenza virus, herpesviruses, poliovirus, human papillomavirus,
respiratory syncytial virus, and coxsackievirus (reviewed in [4,
5]); more recently, it has been used to inhibit some emerging
and reemerging viruses, including Marburg virus [6], lympho-
cytic choriomeningitis virus [7], and severe acute respiratory
syndrome coronavirus [8]. Although these in vitro results have
been highly encouraging, the difficulty involved in the effective
delivery of small interfering RNAs (siRNAs) in vivo has been
the major obstacle to their use as therapeutic agents.

Several approaches have been employed in attempts to de-
velop an in vivo siRNA delivery system. Early proof-of-concept
studies included the use of mouse models and rapid hydro-
dynamic intravenous (iv) injection of large volumes of siRNA
solution [9-11]. However, this invasive procedure appears to
have little utility for human use. Several key breakthroughs have
highlighted the feasibility of the use of siRNAs as antiviral thera-
peutics. Researchers have shown that cationic polymers have the
ability to promote the successful delivery of siRNA by iv ad-
ministration in influenza virus—infected mice [12]. More recently,
the efficacy of lipid-encapsulated siRNAs targeted to HBV has
been demonstrated in an in vivo mouse model of HBV repli-
cation [13]. In that study, siRNA targeted to HBV RNA was
incorporated into a specialized liposome to form a stable nucleic
acid-lipid particle (SNALP) and administered to HBV-infected
mice. Importantly, the reduction in the quantity of HBV DNA
observed was specific and lasted for up to 7 days after admin-
istration. Here, we used SNALPs as a postexposure treatment in
a lethal animal model of EBOV HE

MATERIALS AND METHODS

Guinea pigs and virus. An animal model of EBOV infection
and pathogenesis has been developed in inbred strain 13 guinea
pigs (US Army Medical Research Institute of Infectious Dis-
eases) by serial passage of the Zaire species of EBOV (ZEBOV;
Mayinga isolate) 4 times [14]. The resulting guinea pig—adapted

strain gives rise to high plasma viremia (typically >1 X 10° pfu/
mL) and is highly lethal to guinea pigs, typically causing death
7-12 days after challenge. Infection experiments were per-
formed under biosafety level (BSL)-4 biocontainment. Re-
search was conducted in compliance with the Animal Welfare
Act and other federal statues and regulations relating to animals
and to experiments involving animals and adhered to the prin-
ciples stated in the Guide for the Care and Use of Laboratory
Animals [15]. The BSL-4 facility used is fully accredited by the
Association for Assessment and Accreditation of Laboratory
Animal Care International. Noninfectious mouse and guinea
pig clearance and biodistribution experiments were conducted
at Protiva Biotherapeutics, in accordance with the guidelines
of the Canadian Council on Animal Care.

siRNAs. siRNAs were designed to target individual regions
of the ZEBOV L gene, in accordance with “the Tuschl rules”
(available at: http://www.rockefeller.edu/labheads/tuschl/sirna
.html). The siRNAs duplexes were chemically synthesized by
Dharmacon or TriLink Biotechnologies. Sequences used were
designated as follows: EK1, 5-GUACGAAGCUGUAUAUAAA-
dTdT-3' (sense) and 5-UUUAUAUACAGCUUCGUACATAT-3'
(antisense); EK2, 5-GGAUCUUGGUACAGUGUUAJdTAT-3’
(sense) and 5-UAACACUGUACCAAGAUCCATAT-3' (anti-
sense); EK3, 5-CAGGCUUAUUCCAGUUAAAdTAT-3' (sense)
and 5-UUUAACUGGAAUAACCUGATdT-3' (antisense); EK4,
5-GUAAACGGCUGAACAUUAUATAT-3' (sense) and 5-AU-
AAUGUUCAGCCGUUUACATAT-3' (antisense); and EbL-
Scraml, 5-CAAAAAAAUUUUUACGGGGATAT-3' (sense) and
5-CCCCGUAAAAAUUUUUUUGATAT-3' (antisense).
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Figure 1. Inhibition of the replication of the Zaire species of Ebola

virus (ZEBOV) in Vero cells by a pool of 4 different small interfering RNAs
(siRNAs) targeting individual regions of the ZEBOV polymerase (L) gene.
Cells were transfected with either the siRNA pool or an equivalent dose
of EbL-Scram1, an irrelevant scrambled sequence (SCR), as a control. At
various time points after transfection (0, 24, and 48 h), the transfected
cells were infected with ZEBOV, and cells and culture fluids were har-
vested 24 h later, for determination of the level of infectious virus by
plaque assay.
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Figure 2.

Inhibition of the replication of the Zaire species of Ebola virus (ZEBOV) in Vero cells, as demonstrated by immunofluorescence staining.

Cells were transfected with either a pool of 4 different small interfering RNAs (siRNAs) targeting individual regions of the ZEBOV polymerase (L) gene
or an equivalent dose of EbL-Scram1, an irrelevant scrambled sequence (SCR), as a control. Cells were counterstained with 4',6"-diamidino-2-phenylindole
and Evans blue, to aid visualization. ZEBOV-positive cells are identified by green fluorescence.

Lipid encapsulation of siRNA.
by the process of spontaneous vesicle formation reported by
Jeffs et al. [16]. SNALPs were composed of synthetic cholesterol
(Sigma), the phospholipid DSPC (1,2-distearoyl-sn-glycero-3-
phosphocholine; Avanti Polar Lipids), the PEG lipid PEG-
C-DMA (3-N-[(w-methoxy poly(ethylene glycol)2000)carbam-
oyl]-1,2-dimyrestyloxy-propylamine), and the cationic lipid
DLinDMA (1,2-dilinoleyloxy-3-N,N-dimethylaminopropane),
at the molar ratio 48:20:2:30. PEG-C-DMA and DLinDMA
were synthesized as described elsewhere [17]. The resulting
SNALPs were dialyzed in PBS and filter sterilized (0.2-pm filter)
before use. Particle sizes ranged from 71 to 84 nm, and typically
90%-95% of the siRNA was found to be encapsulated within
these liposomes.

siRNA were encapsulated

Cell-culture experiments. siRNAs (60 pmol) were trans-
fected into Vero cells by use of Oligofectamine (Invitrogen), in
accordance with the manufacturer’s instructions. At 0, 24, or
48 h after transfection, Vero cells were infected with ZEBOV
at an MOI of 1.0. Culture fluids were collected at 24, 48, and
96 h for determination of the level of infectious ZEBOV, and
Vero cells were collected for immunofluorescence staining.

In vivo pharmacokinetics and tissue distribution. Ra-
diolabeled SNALPs were prepared for plasma clearance and
biodistribution experiments by incorporation of 16 uCi of the
nonexchangeable lipid label [*H]cholesteryl oleyl ether (CHE)
per milligram of total lipid [18]. SNALPs were administered in

a single bolus of 0.75 mg of siRNA per kilogram of body weight
to 6-week-old female and male Hartley guinea pigs (Charles River
Laboratories) via ear vein injection, and blood was collected via
contralateral ear nicks over the course of 24 h. At 24 h, guinea
pigs were killed by CO, inhalation, and harvested tissues were
homogenized in lysing matrix tubes (MP Biomedicals) contain-
ing 500 uL of distilled water. Homogenates were assayed for
radioactivity by liquid scintillation counting with Picofluor 40
(tissues) or Picofluor 15 (blood) (PerkinElmer).

siRNA treatment and ZEBOV challenge of guinea pigs.
siRNAs (30 nmol total) were mixed with polyethylenimine
(PEI) (in vivo jetPEL Qbiogene) at an N/P ratio of 5 at room
temperature for 20 min, in accordance with the manufacturer’s
instructions. Guinea pigs were treated via intraperitoneal (ip)
injection of 300 uL of the PEI polyplexes, corresponding to 8
mg/kg siRNA. Three hours after treatment, guinea pigs were
challenged via subcutaneous (sc) injection of 1000 pfu of guinea
pig—adapted ZEBOV. The guinea pigs received additional treat-
ments with the PEI polyplexes (prepared as described above
immediately before administration) at 24, 48, and 96 h after
the ZEBOV challenge.

For experiments evaluating the SNALP delivery system, the
SNALP-formulated siRNAs were administered ip 1 h after chal-
lenge of guinea pigs via sc injection of 1000 pfu of guinea pig—
adapted ZEBOV. The guinea pigs received additional treatments
with the SNALP-formulated siRNAs at 24, 48, 72, 96, 120, and
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Figure 3. Plasma viremia levels of inbred strain 13 guinea pigs 4 days
after challenge with the Zaire species of Ebola virus (ZEBOV). Guinea
pigs were treated 3 h before the ZEBOV challenge and 1, 2, and 4 days
afterward with either a pool of 4 different small interfering RNAs (siRNAs)
targeting individual regions of the ZEBOV polymerase (L) gene (n = 5)
or an equivalent dose of EbL-Scram1, an irrelevant scrambled sequence
(SCR) (n = 5). Data are means =+ SDs.

144 h after the ZEBOV challenge. The guinea pigs were carefully
monitored for signs of disease and survival during the 30-day
course of the experiment.

Virus titration by plaque assay. Virus titration was per-
formed by conventional plaque assay on Vero E6 cells from
cell-culture fluids of blood collected from guinea pigs, as de-
scribed elsewhere [14, 19]

Immunofluorescence assay. Cells were fixed with 10% neu-
tral-buffered formalin for 24 h, to inactivate infectious ZEBOV.
After fixation, cells were washed with copious amounts of PBS
and processed for immunofluorescence staining for viral pro-
teins. Briefly, cells were incubated in ready-to-use Proteinase
K (Dako) for 10 min at room temperature. Cells were then
washed with PBS and blocked in normal goat serum (KPL Lab-
oratories) for 20 min at room temperature. Viral antigen was
detected by incubating cells with a mouse monoclonal antibody
against the guinea pig—adapted ZEBOV for 20 min at room
temperature, rinsing in PBS, and incubating with an anti-mouse—
AlexaFluor 488 conjugate (Invitrogen) for 20 min at room tem-
perature. Cells were counterstained with 4',6'-diamidino-2-phen-
ylindole and Evans blue, to aid visualization. The percentage of
antigen-positive cells was determined by examining random
fields for fluorescence.

In vivo cytokine induction. SNALPs were administered in
0.2 mL of PBS to 6-8-week-old CD1 ICR mice (Harlan) by
standard iv injection in the lateral tail vein. Blood was collected
by cardiac puncture 6 h after administration and then processed
as plasma for cytokine analysis. Levels of the mouse cytokines
interferon (IFN)-« and IFN-3 were measured by use of sand-
wich ELISA kits (PBL Biomedical), in accordance with the man-

ufacturer’s instructions.
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Figure 4. In vivo clearance and biodistribution of stable nucleic acid—
lipid particles (SNALPs). Shown are plasma clearance (A) and biodistri-
bution (B and C) of [*H]cholesteryl oleyl ether—labeled SNALPs. Each
guinea pig received a single intravenous injection of 0.75 mg/kg small
interfering RNAs (siRNA) formulated as SNALPs. Biodistribution data were
collected 24 h after injection. Data are means = SDs (for all tissues,
n = b guinea pigs, except for testes [n = 3] and ovaries [n = 2]).
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Figure 5. Antiviral efficacy of a pool of 4 different small interfering
RNAs (siRNAs) targeting individual regions of the Zaire species of Ebola
virus (ZEBOV) polymerase (L) gene and encapsulated in stable nucleic
acid-lipid particles (SNALPs). Shown are plasma viremia levels (4) and
survival rates (B) for inbred strain 13 guinea pigs after ZEBOV challenge.
One hour after challenge and daily on days 1-6 thereafter, guinea pigs
were treated, via the SNALP delivery system, with the siRNA pool (1.0
mg/kg) or an equivalent dose of EbL-Scram1, an irrelevant scrambled
sequence (SCR). Plasma viremia levels were determined on day 7. Viremia
data are means = SDs (n = b).

RESULTS

To determine whether siRNAs can inhibit the replication of
ZEBOV in vitro, we first transfected Vero cells with either a
pool of 4 different siRNAs (EK1-EK4) specific for the ZEBOV
L gene or an equivalent dose of an irrelevant scrambled se-
quence (EbL-Scram1). We used Vero cells because they lack the
structural genes for IFN-« and IFN-3 [20-22], thus precluding
any confounding effects of these cytokines. At various time
points after transfection (0, 24, and 48 h), the transfected cells
were infected with ZEBOV. Cells and culture fluids were har-
vested 24 h later, to determine the level of virus production.
The results showed that the siRNA pool inhibited the produc-
tion of infectious ZEBOV 2-10-fold, depending on when the

transfected cells were infected (figure 1). By immunofluores-
cence antibody staining, we were able to demonstrate a mean
+ SD reduction of 83% = 14% (P = .006, Student’s ¢ test) in
the numbers of cells expressing EBOV protein (figure 2). In-
dividual testing of the 4 L gene—specific siRNAs yielded similar
results (data not shown). The irrelevant scrambled sequence
did not inhibit the production of infectious ZEBOV and failed
to reduce the numbers of cells expressing EBOV protein (figures
1 and 2).

We then tested whether the pool of 4 siRNAs could protect
guinea pigs from a lethal ZEBOV challenge. Although both
mouse and guinea pig models are available for ZEBOV infection
[14, 23, 24], we chose to use guinea pigs for these experiments
because (1) they appear (on the basis of evaluation of coagu-
lation changes [25, 26]) to reproduce human filoviral infection
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Figure 6. Antiviral efficacy of small interfering RNAs (siRNAs) targeting
individual regions of the Zaire species of Ebola virus (ZEBOV) polymerase
(L) gene and encapsulated in stable nucleic acid—lipid particles (SNALPs).
Shown are plasma viremia levels (A) and survival rates (B) for inbred
strain 13 guinea pigs after ZEBOV challenge. One hour after the challenge
and daily on days 1-6 thereafter, guinea pigs were treated, via the SNALP
delivery system, with a pool of 4 siRNA (0.75 mg/kg); an equivalent dose
of EbL-Scram1, an irrelevant scrambled sequence (SCR); or 1 of the 4
siRNAs alone (EK1-EK4). Plasma viremia levels were determined on day
7. Viremia data are means = SDs (n = 5). The P value is for the com-
parison between EK2 and SCR.
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Figure 7. Small interfering RNA (siRNA)-mediated cytokine induction
in mice. Shown are serum interferon (IFN}-« (A) and IFN-B (B) levels 6
h after intravenous administration of 100 ug (~5 mg/kg) of stable nucleic
acid—lipid particles encapsulating either a pool of 4 different siRNAs that
targeted individual regions of the Zaire species of Ebola virus polymerase
(L) gene; an equivalent dose of EbL-Scram1, an irrelevant scrambled
sequence (SCR); or 1 of the 4 siRNAs alone (EK1-EK4). Injection of PBS
alone induced no detectable IFN-o or IFN-B. Note that injection of empty
liposomes or naked siRNA alone also failed to induce detectable IFN-c
or IFN-83 (data not shown). Data are means + SDs (n = 4).

slightly better than mice and (2) there are no mouse models
available for other filoviruses, whereas guinea pigs have been
used to study the Sudan species of EBOV [27] and as models
for infection with several strains of the EBOV-related Marburg
virus [28, 29]. In the first in vivo experiment, guinea pigs were
treated with either the L gene—specific siRNA pool (n = 5) or
the irrelevant scrambled sequence (n = 5), which were mixed
with PEI and injected retroorbitally 3 h before the ZEBOV
challenge; the guinea pigs then received equivalent doses of the
siRNAs (8 mg/kg) at 24, 48, and 96 h after the ZEBOV chal-
lenge. A significant reduction in plasma viremia (P = .02) was
demonstrated on day 4 after challenge in the guinea pigs re-
ceiving the L gene—specific siRNA pool, compared with that in
the guinea pigs receiving the irrelevant scrambled sequence
(figure 3). All of the control guinea pigs treated with the ir-
relevant scrambled sequence died or were euthanized by day

12 after challenge, whereas 1 of the guinea pigs treated with
the siRNA pool survived and the other 4 guinea pigs either
died or were euthanized on day 10, 13, 13, and 14, respectively.

To improve the potency of the 4 L gene—specific siRNAs,
they were encapsulated in lipid particles previously shown to
have antiviral efficacy in a mouse model of HBV infection [13].
The SNALP method yields particles with uniform, reproducible
performance specifications regardless of the siRNA payload.
The mean + SD particle size of the 7 SNALP preparations used
in the present study was 81 = 3.0 nm, and the mean * SD
polydispersity was 0.11 = 0.024. The mean = SD encapsulation
efficiency was 92% =+ 1.5%, with a mean = SD nucleic acid:
lipid ratio of 49 + 2.7 ug of siRNA/umol of lipid.

To assess plasma clearance and biodistribution, SNALPs were
prepared containing the nonexchangable lipid label *H-CHE
[18], as described elsewhere [30]. The plasma clearance of
SNALPs in guinea pigs was determined after a single iv ad-
ministration. We have previously shown that iv administration
of unstabilized, unformulated siRNA in mice results in rapid
elimination from the plasma compartment, with an elimination
half-life of ~2 min [13]. The calculated serum half-life for the
SNALPs used in the present study was 39.3 min after admin-
istration in guinea pigs (figure 4A).

Because the liver is known to be one of the early and primary
sites of ZEBOV replication in rodents and nonhuman primates
[14, 31], it was also of interest to determine the pattern of
biodistribution after SNALP administration. As is shown in
figure 4B and 4C, substantial quantities of SNALPs accumulated
in the liver (mean * SD, 83.4% = 6.5%) within 24 h after in-
jection. Substantially fewer SNALPs accumulated in the spleen
(mean * SD, 2.2% = 0.27%) and the lungs (mean * SD,
2.29% =+ 0.28%). The brain (mean *+ SD, 0.068% = 0.016%),
gonadal tissues (mean * SD, 0.016% =+ 0.002% and 0.08%
+0.012% for ovaries and testes, respectively), and thymus
(mean * SD, 0.0044% = 0.0006%) remained relatively inac-
cessible, accumulating very few SNALPs. This rapid and selec-
tive accumulation of SNALPs in the liver compares favorably
with the results of targeted delivery technologies that use re-
ceptor-ligand interactions as well as with the results of other
targeting technologies [32-35].

We evaluated the pool of the 4 L gene—specific siRNAs using
the SNALP delivery system in a rodent model of EBOV HFE
As with the previous challenge experiment, 5 guinea pigs re-
ceived the siRNA pool (1.0 mg/kg), and 5 control guinea pigs
received the irrelevant scrambled sequence (1.0 mg/kg). How-
ever, in this experiment, the guinea pigs were not treated with
siRNA before the ZEBOV challenge. Rather, treatment was in-
itiated 1 h after the challenge, and additional treatments were
administered daily on days 1-6 after infection. Plasma viremia
levels, which peak on day 7 in this guinea pig model [14], were
not detected on day 7 in any of the guinea pigs treated with
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the siRNA pool but ranged from ~3.5 to 4.5 log,, pfu/mL in
the control guinea pigs (figure 5A). One guinea pig treated with
the siRNA pool died on day 6, most likely because of toxicity,
given that we were unable to demonstrate the presence of in-
fectious ZEBOV in this animal. Another guinea pig from this
treatment group had to be euthanized on day 26; this death
could not be attributed to viral replication either. The remain-
ing 3 guinea pigs treated with the siRNA pool did not show
any evidence of illness and survived the ZEBOV challenge,
whereas all 5 of the control guinea pigs died or were euthanized
by day 13 (figure 5B).

A further experiment was performed to assess the efficacy
of the siRNA pool at a lower dose and to individually evaluate
the 4 L gene—specific siRNAs (EK1-EK4). ZEBOV-infected guin-
ea pigs that received a lower dose (0.75 mg/kg) of the siRNA
pool were completely protected from viremia and death (figure
6). Although varying levels of viremia and mortality were ob-
served among the groups treated with individual siRNAs (figure
6), the lowest levels of mortality were associated with the EK1-
and EK4-treated guinea pigs.

Recent studies have demonstrated that synthetic siRNA can
induce a high level of type I IFN and inflammatory cytokines
in mammalian cells [36, 37] and that this immune response
could contribute to the antiviral efficacy or toxicities associated
with systemic administration of formulated siRNA [13, 36].
The immunostimulatory properties of the siRNA-containing
SNALPs were examined directly after iv administration in mice.
Strikingly, all of the SNALP-formulated siRNAs, including the
irrelevant scrambled sequence, induced IFN-« and IFN-8 in
the serum of the injected mice (figure 7). Both the guinea pigs
and mice that were treated with the immunostimulatory
SNALPs showed symptoms of systemic toxicity, including a
transient decrease in body weight and piloerection (data not
shown), that have previously been shown to be associated with
siRNA-mediated stimulation of the mammalian innate immune
system [13, 36]. These adverse effects were not evident in the
control animals treated with PBS or in the animals injected
with empty liposomes or naked siRNA. Of note, EK1, which
conferred the greatest benefit when used to treat ZEBOV-in-
fected animals, was the least immunostimulatory of the siRNAs
examined. This provides further evidence supporting an RNAi-
specific antiviral effect in our infection experiments.

DISCUSSION

Currently, there are no known effective pre- or postexposure
therapies for human EBOV infection. At this time, treating
patients infected with EBOV consists of palliative care directed
toward maintaining blood volume and electrolyte balance. A
number of therapies—including IFN-«, heparin, convalescent
serum, and equine anti-EBOV immunoglobulin—have been
used to treat infections in humans and/or nonhuman primates,

but the results have been inconsistent and, in general, of little
effect [19, 38]. Although a number of postexposure treatments
have shown promise in rodent models of EBOV HF [39-41],
none has shown any success in nonhuman primates. To date,
the only postexposure treatment that has been shown to protect
nonhuman primates after challenge with ZEBOV is a strategy
designed to modulate the manifestations of disease rather than
to block replication of the virus; in a study in rhesus monkeys
[42], we demonstrated that a postexposure strategy to mitigate
the coagulation disorders that typify EBOV infection improved
survival from 0% to 33%. However, improved efficacy is clearly
needed.

Although there is no assurance that the SNALP-based siRNA
strategy described here will protect against EBOV infection in
the more-rigorous nonhuman primate models, there is reason
for optimism in light of comparative data from historical stud-
ies. Specifically, as noted above, several previous studies have
shown complete postexposure protection of mice [39, 40] and
guinea pigs [41] against a lethal ZEBOV challenge; however,
in each of these cases, the rodents were not protected against
viremia. Subsequent transition of these strategies to nonhuman
primates was uniformly unsuccessful in protecting macaques
against a lethal infection [43, 44]. This suggests that the inability
to completely inhibit viremia in rodents predicts an unfavorable
outcome in nonhuman primates. In the present study, after
administration of the EK1 siRNA, we were unable to detect
viremia in any of the ZEBOV-challenged guinea pigs. Clearly,
this observation does not guarantee success of the SNALP-based
siRNA approach in nonhuman primates; on the other hand, it
does offer some hope that the prospects for success are at least
improved.

Here, we have focused on the L gene of ZEBOV, to demon-
strate the in vivo utility of the SNALP technology. Future studies
will focus on evaluating sequences of other EBOV genes and the
possibility of employing cocktails of siRNAs for increased anti-
viral effect. Furthermore, because of the unique mechanism of
RNAi, there may be benefits to combining a siRNA treatment
for EBOV infection with complementary antiviral approaches,
such as immunoglobulins or coagulation inhibitors.
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