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Postexposure Protective Efficacy of T-705 (Favipiravir) 
Against Sudan Virus Infection in Guinea Pigs
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Filoviruses such as Ebola virus (EBOV), Marburg virus (MARV), and Sudan virus (SUDV) cause deadly viral hemorrhagic fever 
in humans, with high case-fatality rates; however, no licensed therapeutic agent or vaccine has been clinically approved to treat 
or prevent infection. T-705 (favipiravir) is a novel antiviral drug that has been approved for the treatment of influenza in Japan. 
T-705 exhibits broad-spectrum antiviral activity against different viruses, including MARV and EBOV, and here, we are the first to 
report the in vitro and in vivo antiviral activity of T-705 against SUDV. T-705 treatment reduced SUDV replication in Vero E6 cells. 
Subcutaneous administration of T-705, beginning 1–4 days after infection and continuing for 7 days, significantly protected SUDV-
infected guinea pigs, with a survival rate of 83%–100%. Viral RNA replication and infectious virus production were also significantly 
reduced in the blood, spleen, liver, lungs, and kidney. Moreover, early administration of low-dose T-705 and late administration (at 
5 days after infection) of higher-dose T-705 also showed partial protection. Overall, our study is the first to demonstrate the antiviral 
activity of T-705 against SUDV, suggesting that T-705 may be a potential drug candidate for use during outbreaks.
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The Filoviridae family comprises 3 genera and multiple spe-
cies, each represented by at least 1 virus: Ebola virus (EBOV), 
Sudan virus (SUDV), Bundibugyo virus, Taï Forest virus, and 
Reston virus, belong to the Ebolavirus genus; Marburg virus 
(MARV) and Ravn virus, belong to the Marburgvirus genus; 
and Lloviu virus, belonging to the Cuevavirus genus [1–3]. In 
humans and nonhuman primates, all filoviruses except Reston 
virus and Lloviu virus are capable of causing severe hemor-
rhagic fevers known as Ebola virus disease or Marburg virus 
disease, depending on the genus of the causative agent [3, 
4]. EBOV, in particular, is responsible for numerous deadly 
outbreaks throughout Africa, including the 2014–2016 West 
African outbreak that resulted in >28 000 cases and >11 000 
deaths [5], and for importation of virus into Europe and North 
America via infected travelers [6]. SUDV, which is about 58% 
identical to EBOV at the nucleotide level [7], has also caused 
several devastating outbreaks since its discovery in 1976, with 
cumulative case-fatality rates of >50%. Nevertheless, despite 
the global public health threat posed by these viruses, no vac-
cine or therapeutic agent has so far been clinically approved for 
the treatment of Ebola virus disease or Marburg virus disease. 
Moreover, although several candidate vaccines and therapeutic 

agents have been identified, the majority of these have been 
developed and tested to treat disease caused by EBOV or 
MARV [8, 9].

Previous studies have identified various small molecules 
and inhibitors that are effective against EBOV in vitro; how-
ever, only few of these have been assessed in animal models 
[10–13]. One such small molecule, known as T-705 (favipiravir; 
6-fluoro-3-hydroxy-2-pyrazinecarboxamide), is a novel anti-
viral agent recently approved in Japan to treat influenza virus 
infection [14]. T-705 is a nucleoside analogue that, following 
phosphoribosylation by host enzymes, is recognized as a sub-
strate by the viral RNA–dependent RNA polymerase and is 
thought to either directly inhibit polymerase activity or result 
in a catastrophic genetic mutation [10, 14–16]. Previous in 
vitro and in vivo studies have demonstrated that T-705 exhib-
its antiviral activity against a wide range of viruses, including 
EBOV, MARV, and other RNA viruses, such as alphaviruses, 
arenaviruses, paramyxoviruses, picornaviruses, flaviviruses, 
and bunyaviruses [14, 17–19]. Recently, we and other groups 
demonstrated the antiviral activity of T-705 against MARV and 
EBOV in vitro and in vivo [19–22]. However, whether T-705 is 
effective against other filoviruses, like SUDV, is unclear. Indeed, 
there has been a relative lack of research into SUDV counter-
measures, owing at least in part to the absence of suitable exper-
imental animal model for this virus. Recently, we developed a 
guinea pig–adapted SUDV (GA-SUDV) variant that causes 
uniformly lethal disease in guinea pigs and therefore permits 
the evaluation of antiviral countermeasures [23]. In the pres-
ent study, we used the guinea pig model of SUDV infection 
to investigate the antiviral effect of T-705 and became the first 
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group to demonstrate that this drug effectively inhibits SUDV 
infection both in vitro and in vivo.

MATERIALS AND METHODS

Ethics Statement

The animal study procedure was approved by the Animal Care 
Committee at the Canadian Science Centre for Human and 
Animal Health according to the guidelines of the Canadian 
Council on Animal Care. The animals were acclimatized for 
7  days before starting the experiment, given food and water 
ad libitum, and monitored every day. All work with infectious 
SUDV and potential infectious materials derived from the 
infected animals was performed in the containment level 4 lab-
oratory at the National Microbiology Laboratory (Winnipeg, 
Canada).

Cells, Animals, Viruses, and T-705

Vero E6 and monkey kidney CV-1 cells were obtained from the 
American Type Culture Collection and maintained at 37oC and 
5% CO2 in Dulbecco’s modified Eagle’s medium (DMEM) and 
minimum essential medium (MEM), respectively, supplemented 
with 1% penicillin-streptomycin and 10% heat-inactivated 
fetal bovine serum (FBS). Wild-type SUDV variant Boneface 
(Sudan virus/C.porcellus-lab/SSD/1976/Nzara-Boneface) was  
used for the in vitro study and GA-SUDV (Sudan virus/NML/C.
porcellus-lab/SSD/1976/Nzara-Boneface-GP) was used for  
all in vivo studies [23]. The T-705 compound (favipiravir; 
Chemical Abstract Service no. 259793-96-9) was purchased from 
BOC Science (Shirley, NY). For the in vitro study, T-705 was dis-
solved in dimethyl sulfoxide at a concentration of about 10 mg/mL 
and stored at −20°C. For the in vivo studies, T-705 was dissolved 
in sterile water with 74.6 mg/mL meglumine excipient according 
to the protocol of Safronetz et al [17]. The absence of cellular toxic-
ity caused by T-705 at concentrations of <2 mg/mL [20] was con-
firmed by treating Vero E6 cells in triplicate with 1 mg/mL T-705 
and observing them for cytopathic effect over 4 days.

In Vitro SUDV Infection and T-705 Efficacy

A series of diluted T-705 solutions was prepared in DMEM, 
starting at 100  µg/mL and followed by 1:3 dilutions. Vero 
E6 cells (95% confluent) were pretreated with T-705 for  
1 hour. After pretreatment, the medium containing T-705 was 
removed, and the cells were infected with SUDV at a multi-
plicity of infection (MOI) of 0.01 in the presence of T-705. 
One hour after infection, the inoculum was removed and 
replaced with fresh DMEM with 2% FBS and T-705. The con-
trol cells were treated with DMEM and infected with virus 
at the same MOI in the absence of T-705. Cell supernatants 
were harvested at 72 hours after infection, and SUDV RNA 
levels were analyzed by reverse transcription–quantitative 
polymerase chain reaction analysis (RT-qPCR), as described 
below. The viral RNA level in medium containing control cells 

was considered indicative of 0% inhibition. Therefore, the 
inhibitory effects of T-705–treated cells were determined by 
measuring the ratio of the viral RNA yield from treated and 
control cells. The percentage inhibition of infection was cal-
culated as 100% – [(Viral RNA in treated cells/viral RNA in 
control cells) x 100]. The half maximal effective concentration 
(EC50) of inhibitory function and the 90% effective inhibitory 
concentration (EC90) were determined according to the Reed-
Muench method.

In Vivo SUDV Challenge and T-705 Efficacy

The in vivo efficacy of T-705 was tested in different indepen-
dent studies. Female guinea pigs (strain Hartley; Charles River 
Laboratories) aged 6–8 weeks were challenged with GA-SUDV 
at 1000 times the median lethal dose (ie, fifty-three 50% tissue 
culture infectious doses [TCID50]/animal) by intraperitoneal 
injection. Guinea pigs were subsequently treated once per day 
by subcutaneous injection with either 150 mg/kg or 300 mg/kg 
of body weight of T-705, starting 1, 2, 3, 4, or 5 days after infec-
tion and continuing daily for 7 consecutive days. Control ani-
mals were treated with meglumine only in the same manner. All 
animals were observed daily for disease symptoms, and 5–18 
guinea pigs in each treatment group were assessed for survival 
and weight changes. Additionally, to determine viral RNA levels 
and infectious virus titers, as well as blood cell counts, 2 groups 
of 3 guinea pigs were infected with GA-SUDV, as described 
above, and treated daily with 150 mg/kg or 300 mg/kg of body 
weight of T-705, starting on day 2 and continuing for 7 con-
secutive days, as described above. Control animals were unin-
fected (n = 3) or infected but treated with meglumine (n = 3), 
as described above. Blood samples were collected 5 and 9 days 
after infection, to assess viral RNA levels, infectious virus titers, 
and blood cell counts. Tissue samples were collected upon 
euthanasia 9 days after infection, to determine viral RNA levels 
and infectious virus titers.

Detection of Viral RNA by RT-qPCR Analysis

Viral RNA was extracted from guinea pig blood and tissue sam-
ples, using the QIAamp viral RNA mini kit (Qiagen, Germany) 
and the RNeasy mini Kit (Qiagen, Germany) according to the 
manufacturer’s instructions. Viral RNA levels were measured 
by RT-qPCR analysis, using the Light Cycler 480 RNA Master 
Hydrolysis Probes kit (Roche, Germany) and the Light Cycler 
480 thermal cycler (Roche, Germany). The primers and probe 
used in this study have been previously described [23]. Cycling 
conditions were as follows: 63°C for 3 minutes and 95°C for 30 
seconds, followed by 45 cycles of 95°C for 15 seconds and 60°C 
for 30 seconds.

Titration of Infectious Virus

Titration of infectious GA-SUDV from blood specimens and 
different tissue homogenates was done by the TCID50 assay. In 
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brief, samples were serially diluted 10-fold in MEM. CV-1 cells 
(80% confluent) in a 96-well plate (Corning) were then infected 
with 100 µL of each diluted sample. After 1 hour of adsorption 
at 37°C, the inoculum was removed, and cells were overlaid 
with 100  µL of fresh MEM containing 2% FBS. Infected cells 
were then incubated for 14 days, observed for cytopathic effect, 
and scored. Viral titers were calculated by the Reed and Muench 
method.

Blood Cell Counts and Data Analysis

Complete blood counts of white blood cells (WBCs), lympho-
cytes, neutrophils, monocytes, and platelets were performed by 
using the VetScan HM5 hematology system (Abaxis, Germany). 
Statistical analyses of viral RNA, TCID50, and blood cell count 
data were done by means of 1-way analysis of variance with the 
Bonferroni multiple-comparison test, using Graph Pad Prism 
5 software. The survival curves were analyzed with the Mantel-
Cox test.

RESULTS

In Vitro Antiviral Effect of T-705 Against SUDV

Vero E6 cells were infected with SUDV at a MOI of 0.01 and 
treated with different concentrations of T-705, ranging from 
0.41 to 100  μg/mL. A  total of 72 hours after infection the 
supernatants were harvested to detect the viral load. T-705 
treatment reduced viral RNA levels in a dose-dependent man-
ner. Overall, approximately 90% of viral RNA replication was 
inhibited during T-705 treatment, which resulted in EC50 and 

EC90 values of 8.224  µg/mL and 58.80  µg/mL, respectively 
(Figure  1). Consistent with findings from a previous study 
[20], no cytotoxic effect was observed when Vero cells were 
treated with T-705 at 1  mg/mL, a concentration 10 times 
higher than the highest concentration used in this study (data 
not shown).

In Vivo Efficacy of T-705 Treatment in GA-SUDV–Infected Guinea Pigs

Initially, we sought to identify the antiviral activity and effec-
tive dose of T-705 in GA-SUDV–infected guinea pigs. Based 
on other studies investigating the effect of T-705 against 
arenaviruses in the guinea pig model [17, 24, 25], we chose 
150 and 300  mg/kg/day doses to begin. Following infection 
with 1000 times the median lethal dose of GA-SUDV, guinea 
pigs were treated with control or by subcutaneous admin-
istration of T-705, at either 150 or 300  mg/kg/day, starting 
on day 2 after infection and continuing every day up to day 
8 (Figure  2A). The control-treated animals started losing 
weight on days 4–5 after infection, and the entire control 
group (n = 17) was euthanized within 10–14 days (Figure 2B). 
Conversely, animals treated with 150 mg/kg/day or 300 mg/
kg/day showed partial protection, with approximately 38% (5 
of 13) and approximately 83% (15 of 18) of animals surviving, 
respectively (Figure 2B). Most animals that received 150 mg/
kg/day began to lose weight on days 5–6 after infection, and 8 
died 12–18 days after infection (Figure 2B). In contrast, most 
animals treated with 300  mg/kg/day of T-705 gained weight 
after treatment, with the exception of 3 animals, which lost 
significant weight during days 6–11 after infection and ulti-
mately died 15–17  days after infection (Figure  2B). Overall, 
although both doses of T-705 offered some protection against 
GA-SUDV infection, the 300-mg/kg/day dose was clearly the 
most efficacious.

To further assess the 300-mg/kg/day dose, we performed a 
follow-up efficacy experiment to determine the protective effi-
cacy of T-705 when administered early or late after infection. To 
this end, 4 groups of guinea pigs were infected with GA-SUDV 
and treated with T-705 at 300  mg/kg/day, starting 1, 3, 4, or 
5 days after infection and continuing every day for a total of 
7 consecutive days (Figure 2C). The control group was treated 
with meglumine for 7 days, beginning 1 day after infection. All 
animals treated daily with 300 mg/kg/day, starting 1 (n = 5), 3 
(n = 5), and 4 (n = 6) days after infection, were protected against 
GP-SUDV infection (Figure 2D). All animals in which treat-
ment began 1 day after infection remained healthy and gained 
weight throughout the experiment, while 1 and 2 animals in 
which treatment began 3 and 4  days after infection, respec-
tively, lost some weight but recovered (Figure  2D). Guinea 
pigs treated with 300 mg/kg/day starting 5 days after infection 
(n = 6) were partially protected (83.3%), with all animals losing 
weight and 5 of 6 recovering (Figure 2D). Collectively, the in 
vivo findings suggest that T-705 is an effective treatment for 
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Figure 1.  In vitro antiviral effect of T-705 against Sudan virus (SUDV). Vero E6 
cells were pre-treated with a dilution series of T-705 (starting at 100 µg/mL fol-
lowed by 1:3 dilutions) for 1 hour prior to infection with wild type SUDV at MOI 
0.01. After 72 hours post infection, SUDV RNA in the supernatant was measured 
by reverse transcription–quantitative polymerase chain reaction (RT-qPCR). The half 
maximal effective concentration (EC50) and 90% effective inhibitory concentration 
(EC90) values for T-705 were calculated from the sigmoidal function. Abbreviation: 
CI, confidence interval..
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SUDV infection that can provide complete protection at high 
and early doses (beginning 1, 3, and 4 days after infection) and 
partial protection when administrated beginning 5 days after 
infection. It is unclear why initiation of T-705 treatment on day 
2 after infection offered only partial protection.

Viral RNA and Infectious Virus in GA-SUDV–Infected Guinea Pigs

To investigate the systemic spread of SUDV in T-705–treated 
and untreated guinea pigs, 2 groups of 3 guinea pigs were 

infected with GA-SUDV and treated with control or with 150 
or 300  mg/kg/day of T-705, beginning 2  days after infection. 
Whole-blood specimens were collected 5 and 9  days after 
infection to analyze the viral RNA load by RT-qPCR, and the 
animals were euthanized 9  days after infection to harvest the 
liver, lung, kidney, and spleen for quantification of viral RNA 
and infectious virus. Treatment with 150 or 300 mg/kg/day of 
T-705 significantly reduced viral RNA levels in the blood by 
1–1.5 logs 5 and 9  days after infection (Figure  3B). However, 
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Figure 2.  Survival rate and relative weight change in guinea pig–adapted Sudan virus (GA-SUDV)–infected guinea pigs after T-705 treatment. A, Two groups of guinea 
pigs (n = 18 and 13, respectively) were challenged with GA-SUDV via the intraperitoneal route and treated subcutaneously with 300 mg/kg/day and 150 mg/kg/day of T-705, 
beginning 2 days after infection and continuing for 7 consecutive days. Seventeen control guinea pigs were treated with meglumine instead of study drug, according to the 
same schedule. All guinea pigs were monitored daily for survival and weight change. B, Kaplan-Meier survival curves and relative body weight changes in GA-SUDV–infected 
guinea pigs treated with 300 and 150 mg/kg/day of T-705, beginning 2 days after infection. C, Four groups of guinea pigs were challenged with GA-SUDV followed by daily 
T-705 treatment with 300 mg/kg/day, starting 1 (n = 5), 3 (n = 5), 4 (n = 6), and 5 (n = 6) days after infection and continuing for 7 consecutive days. Control animals were treated 
daily with meglumine, starting 1 day after infection and continuing for 7 days. D, Kaplan-Meier survival curves and relative body weight changes in GA-SUDV–infected guinea 
pigs after treatments. Relative weight changes are shown as the mean value of all guinea pig weights in each group. Statistical comparisons between control- and T-705-
treated animals were done using the Mantel-Cox (log-rank) test:. **P < .01, ***P < .001, and ****P < .0001.
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Figure 3.  Infectious virus titers and RNA in blood and tissue specimens from guinea pig–adapted Sudan virus (GA-SUDV)–infected guinea pigs. A, Whole blood and tissue 
specimens were collected 9 days after infection from GA-SUDV–infected guinea pigs (n = 3 for each treatment group) treated with control or with 150 mg/kg/day or 300 mg/
kg/day of T-705, starting 2 days after infection and continuing every day up to day 8. Infectious virus titers in blood specimens and tissue homogenates of liver, spleen, 
kidney, and lungs were determined by a 50% tissue culture infective dose (TCID50) assay. B, Two groups of 3 guinea pigs were challenged with GA-SUDV and treated with 
150 and 300 mg/kg/day of T-705, starting 2 days after infection and continuing every day up to day 8. An additional group of 3 animals were treated with meglumine instead 
of study drug. Blood samples were collected 5 and 9 days after infection. Animals were euthanized and tissue samples were harvested 9 days after infection. SUDV genome 
equivalent (GEq) RNA levels were detected by reverse transcription–quantitative polymerase chain reaction analysis in blood, liver, spleen, kidney, and lungs. Statistical 
comparisons between control-treated and T-705–treated guinea pigs were done by 1-way analysis of variance with the Bonferroni multiple comparison correction. *P < .05 
and **P < .01.
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viral RNA levels in the liver, spleen, kidney, and lungs were sig-
nificantly reduced only following treatment with 300  mg/kg/
day of T-705 (Figure  3B). Accordingly, infectious virus titers 
were significantly reduced in the blood, liver, spleen, and kid-
ney following treatment with 300 mg/kg/day but not 150 mg/
kg/day, while both doses significantly reduced virus titers in the 
lung (Figure 3A).

Blood Cell Count in SUDV-Infected Guinea Pigs

To assess the immune response to GA-SUDV infection in 
T-705–treated and untreated guinea pigs, we quantified the 
WBCs, lymphocytes, neutrophils, and platelets 5 and 9  days 
after infection. We also quantified the blood cells of uninfected 
animals. Nine days after infection, the WBC count was signifi-
cantly higher in animals treated with 300 mg/kg/day of T-705, 
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Figure 4.  Blood cell counts in guinea pig–adapted Sudan virus (GA-SUDV)–infected guinea pigs. Two groups of 3 guinea pigs were challenged with GA-SUDV and treated 
with 150 and 300 mg/kg/day of T-705, starting 2 days after infection and continuing every day up to day 8. One group of uninfected animals and 1 group of infected, con-
trol-treated animals were also included. Blood samples were collected 5 and 9 days after infection. White blood cell (WBC) counts (A), platelet (PLT) counts (B), lymphocyte 
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comparisons between control-treated and T-705–treated infected animals were performed using 1-way analysis of variance with the Bonferroni multiple comparison correc-
tion. *P < .05, **P < .01, and ***P < .001.
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compared with those treated with control (Figure 4A). Although 
the lymphocyte population was reduced in most of the infected 
animals as compared to the uninfected animals, the count was 
significantly higher among animals treated with 300 mg/kg/day 
of T-705, compared with control-treated animals, at both 5 and 
9 days after infection (Figure 4C), and this was reflected in the 
percentage of WBCs that were lymphocytes (Figure 4C). Nine 
days after infection, the percentage of neutrophils in animals 
treated with 300  mg/kg/day was similar to that in the unin-
fected animals but significantly lower than in the other T-705– 
and control-treated animals, although these differences were 
not as obvious in the absolute neutrophil counts (Figure 4D). 
There were no significant differences in platelet levels among 
the treated and untreated animals; however, platelet counts in 
all infected animals were lower than counts in mock-infected 
animals (Figure 4B).

DISCUSSION

Currently no clinically approved antifilovirus drugs or vaccines 
are available, and given the global public health threat posed by 
these viruses, the development of cross-protective therapeutics 
targeting all filoviruses is an urgent priority. T-705 (favipiravir) 
is an antiviral agent that is well tolerated in humans and cur-
rently approved for influenza treatment in Japan [14]. T-705 has 
also been shown to potently inhibit other RNA viruses, includ-
ing EBOV and MARV [14, 19, 21, 22]. Like EBOV and MARV, 
SUDV is capable of causing severe disease and large outbreaks, 
yet relatively few countermeasures have been developed specif-
ically against this virus [8, 9]. In this study, we have demon-
strated that T-705 has a strong antiviral effect against SUDV 
both in vitro and in vivo, indicating that this drug may repre-
sent an effective pan-filovirus treatment.

Our in vitro data revealed that T-705 effectively inhibited 
SUDV infection in tissue culture, with efficacy similar to that 
seen when T-705 was evaluated against EBOV and MARV 
infection [19, 21]. Indeed, the EC50 for T-705 against SUDV 
was 8.224 µg/mL, which is within the same range as the EC50 
values calculated for MARV and EBOV treatment—8.406 and 
10.5 µg/mL, respectively [19, 21]. Moreover, previous investi-
gations have shown that T-705 is only toxic to cells when used 
at a concentration of ≥2  mg/mL [20], which is much greater 
than the concentration of T-705 used in our study. Collectively, 
our results and those of previous reports indicate that SUDV, 
MARV, and EBOV are uniformly susceptible to similar concen-
trations of T-705 in vitro.

To evaluate the in vivo efficacy of T-705, we used our recently 
developed lethal guinea pig model of SUDV infection [23]. Initially, 
we noticed that the 300-mg/kg/day dose was more protective than 
the 150-mg/kg/day dose when treatment was administered begin-
ning 2 days after infection, which is similar to what was observed 
in guinea pigs infected with Pichinde and Lassa viruses [17, 25]. 
Although the 150-mg/kg/day treatment limited weight loss, at 

least initially, in most animals—indicating some protection from 
disease—later during infection most animals began to lose weight, 
and only 5 of 13 animals ultimately recovered and survived. These 
data suggest that T-705 was partially effective but that the dose 
of 150 mg/kg/day was likely too low for effective viral inhibition. 
Accordingly, although 150 mg/kg/day appeared to reduce the lev-
els of viral RNA and infectious virus detected in the blood and 
various tissues, the majority of these decreases were not statisti-
cally significant. Unlike the 150-mg/kg/day T-705 treatment, the 
300-mg/kg/day treatment starting 2  days after infection signifi-
cantly protected approximately 83% of animals. Although com-
plete protection was not observed, most survivors were healthy 
and exhibited no weight loss after treatment was initiated, indi-
cating that T-705 effectively prevented disease. Indeed, the effec-
tiveness of this dose of T-705 was corroborated by the fact that 
levels of viral RNA and infectious virus were significantly reduced 
in all samples examined. Hematological analyses revealed high 
levels of lymphocytes in these treated animals (compared with the 
typically observed lymphopenia in untreated animals), which may 
suggest that T-705–mediated control of viral replication permitted 
the host to mount an effective immune response. The neutrophil 
percentage also decreased significantly by 9 days after infection (in 
contrast to the neutrophilia observed in the untreated animals), 
perhaps indicating a more controlled immune response to infec-
tion. Together these data suggest that 300  mg/kg/day of T-705, 
starting 2  days after infection, was highly effective at inhibiting 
SUDV infection, ameliorating disease presentation, and facili-
tating the development of an immune response, although future 
work, including cytokine and anti-SUDV antibody profiling, will 
be necessary to further characterize the host response following 
T-705 treatment.

Remarkably, 300-mg/kg/day T-705 treatment that began 
earlier or later than 2 days after infection resulted in complete 
protection of GA-SUDV-infected guinea pigs. This was not an 
unexpected result for treatment beginning 1  day after infec-
tion; however, we were surprised to find that treatment begin-
ning 3 and 4 days after infection appeared to be more effective 
than treatment beginning 2 days after infection. It is possible 
that the relatively protracted disease course of SUDV infection 
(compared with that of EBOV infection, for example) [26–28] 
permitted an extended treatment window [29], and, indeed, 
even T-705 treatment begun 5 days after infection offered par-
tial protection. However, why treatment beginning 2 days after 
infection also offered only partial protection remains unclear. 
One possible explanation may be related to the fact that, 
because the Hartley guinea pigs used in this study are outbred, 
variations among the animals may mean that larger sample sizes 
are required. Regardless, these data are promising because they 
suggest that a broad treatment window is available following 
SUDV infection, although more research is required.

While T-705 has demonstrated remarkable efficacy against 
multiple filoviruses, it is somewhat difficult to draw direct 
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comparisons between different studies, owing not only to dif-
ferences in the challenge viruses themselves but also to dif-
ferences in drug dose, administration, and timing, as well as 
virus dose, inoculation route, and animal model system [19, 
21, 30, 31]. For EBOV, administration of 300  mg/kg/day of 
T-705, beginning 2 days after infection and lasting for 8 days, 
resulted in 100% survival of infected mice, and doses as low 
as 30 mg/kg/day, beginning 2 days after infection, also offered 
complete protection from EBOV challenge [21]. A  separate 
study demonstrated that an extended 11-day course of T-705 
treatment at 37.5 mg/kg/day, beginning 1 day after infection, 
resulted in 100% survival following EBOV challenge but that 
treatment with 8 mg/kg/day, beginning at the time of infec-
tion, resulted in 0% survival [31]. These data demonstrate a 
large treatment window for T-705 against EBOV, suggesting 
that EBOV may be particular susceptible this drug; however, 
a nonhuman primate study failed to show significant efficacy 
despite an extended treatment course with high T-705 doses 
[30]. In the case of MARV infection, 300  mg/kg/day deliv-
ered for 8 consecutive days beginning 2  days after infection 
resulted in 100% survival of infected mice, while lower doses 
of T-705 (75–150 mg/kg/day) were only moderately effective 
[19]. Similarly, treatment with higher doses (300 mg/kg/day), 
beginning 3 or 4 days after infection, also demonstrated mod-
erate efficacy [19]. Unlike findings for EBOV, however, T-705 
was considerably more efficacious in the nonhuman primate 
model, although this may have been related to differences 
in drug administration [30]. Thus, based on available data, 
there appears to be no obvious treatment window or drug 
dose that is commonly effective against disparate filoviruses, 
although direct and controlled comparisons in a common 
animal model, using a common infection and treatment pro-
tocol, have yet to be performed. Overall, our study suggests 
that T-705 is able to effectively inhibit SUDV replication, pre-
vent lethal disease in guinea pigs, and increase survival rates. 
Furthermore, these data, together with previous publications 
[19–22], suggest that T-705 may be a useful pan-filovirus 
treatment that could be deployed during outbreaks, which 
occur sporadically and can be caused by any one of a number 
of different filoviruses, including SUDV. Notably, during the 
West African EBOV outbreak, T-705 was used as a treatment, 
and, although efficacy was inconclusive, the drug appeared to 
be well tolerated [32]. Indeed, it is worth noting that, using the 
body surface area conversion calculation [33], the human dose 
of T-705 equivalent to the 300 mg/kg guinea pig dose used in 
this study is 65  mg/kg, which is similar to the loading dose 
used in the West African clinical trial [32]. Although further 
work is required, including characterization of the mechanism 
of action of T-705 against filoviruses, as well as evaluation of 
T-705 against SUDV in the nonhuman primate model, the 
data presented here suggest that T-705 may be an effective 
pan-filovirus therapeutic agent.
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