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Abstract

Filoviruses, such as Marburg and Ebola viruses, cause severe disease in humans with high case 

fatality rates and are therefore considered biological threat agents. To date, no licensed vaccine or 

therapeutic exists for their treatment. T-705 (favipiravir) is a pyrazinecarboxamide derivative that 

has shown broad antiviral activity against a number of viruses and is clinically licenced in Japan to 

treat influenza. Here we report the efficacy of T-705 against Marburg virus infection in vitro and in 
vivo. Notably, oral administration of T-705 beginning one or two days post-infection and 

continuing for eight days resulted in complete survival of mice that had been intraperitoneally 

infected with mouse-adapted Marburg virus (variant Angola). Moreover, lower doses of T-705 and 

higher doses administered later during infection (day 3 or 4 post-infection) showed partial efficacy, 

with at least half the infected mice surviving. Accordingly, we observed reductions in infectious 

virus particles and virus RNA levels following drug treatment that appeared to correlate with 

survival. Our findings suggest that T-705 may be an effective therapeutic against Marburg virus 

and might be especially promising for use in the event of an outbreak, where it could be orally 

administered quickly and safely even after exposure.
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1. Introduction

Marburg virus (MARV) and Ebola virus (EBOV), both negative-stranded RNA viruses 

belonging to the family Filoviridae, are known for causing severe disease in humans, 

characterized by high viremia, inflammatory dysregulation, multi-organ failure, and case-

fatality rates up to 90% (Feldmann et al., 2013). Both MARV and EBOV have caused 

numerous outbreaks throughout Africa, and EBOV is responsible for the 2013–2015 West 

African epidemic that infected over 28,000 people and left over 11,000 dead (World Health 

Organization, 2016). No vaccine is currently approved to prevent filovirus disease, although 

many candidates have shown efficacy in non-human primates as well as in human trials 

conducted during the West African Ebola epidemic (Feldmann et al., 2013; Martins et al., 

2016). Likewise, no drug candidate has been approved for use, but several candidates have 

been developed, including siRNAs, monoclonal antibodies, interferon, and estrogen receptor 

modulators (Johansen et al., 2013; Bixler et al., 2017; Connor et al., 2017; Olinger Jr et al., 

2012; Qiu et al., 2012).

Numerous studies have identified small molecules that can inhibit EBOV in vitro, yet only a 

few of these have been evaluated in animal models (Warren et al., 2014; Warren et al., 2016; 

Furuta et al., 2013; Picazo et al., 2015; Madelain et al., 2015). One such drug, known as 

T-705 (or favipiravir), is a pyrazinecarboxamide derivative thought to act as a nucleoside 

analog that inhibits the viral RNA polymerase or causes fatal mutagenesis following 

incorporation into viral RNA (Jin et al., 2013; Furuta et al., 2013). Remarkably, T-705 

displays anti-viral activity against a broad spectrum of viruses, both in vitro and in vivo. 

T-705 has been used effectively in the mouse model of EBOV infection, where it reduced 

viremia, ameliorated clinical and biochemical signs of disease, and prevented lethal 

outcomes (Oestereich et al., 2014). T-705 has also been demonstrated to have therapeutic 

effect against a broad range of influenza viruses, including H1N1, H5N1, and the recently 

emerged H7N9 avian virus, and the drug has been shown to inhibit the replication of 

numerous other RNA viruses, including arenaviruses (such as Junin, Machupo, and Pichinde 

viruses), flaviviruses (such as yellow fever and West Nile viruses) and enteroviruses (such as 

polio-, rhino-, and noroviruses) (Furuta et al., 2013). Notably, T-705 is currently licensed to 

treat influenza in Japan (Yen et al., 2016), and it was used (albeit with inconclusive results) 

as a treatment during the West African EBOV outbreak (Sissoko et al., 2016). Thus, given its 

broad anti-viral activity, along with its emergency clinical use for EBOV infection, we 

sought to evaluate the inhibitory effect of T-705 against MARV infection.

The present study offers the first evidence that T-705 effectively inhibits MARV infection 

both in vitro and in vivo. T-705 potently inhibited MARV replication in cell culture and it 

dramatically improved the disease outcome in our mouse model of MARV infection, with 

100% survival observed using higher doses of drug and at least 50% survival using lower 
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doses of drug or higher doses delivered later during infection. Overall, this study suggests 

that T-705 may be an effective candidate therapeutic for MARV infection that warrants 

additional investigation.

2. Materials and methods

2.1. Ethics statement

The protocol was approved by the Animal Care Committee of the Canadian Science Centre 

for Human and Animal Health (CSCHAH) in accordance with guidelines from the Canadian 

Council on Animal Care. Based on approved protocols, animals were acclimatized for seven 

days prior to infection and given food and water ad libitum. All animals were monitored 

twice daily. Cage environmental enrichment was also provided throughout the study 

procedure. All staff working on animal experiments completed education and training 

programs according to the standard protocols appropriate for this level of biosafety.

2.2. Cells, virus, and T-705

Vero E6 cells were obtained from the American Type Culture Collection (ATCC) and 

maintained at 37°C and 5% CO2 in Dulbecco’s modified Eagle’s medium (DMEM) 

supplemented with 10% heat-inactivated fetal bovine serum (FBS) and 1% antibiotics 

(Penicillin-Streptomycin). Wild type MARV (Marburg virus H.sapiens-tc/AGO/2005/

Angola) and mouse-adapted MARV (Marburg virus NML/M.musculus-lab/AGO/2005/Ang-

MA-P2) were propagated on Vero E6 cells. The T-705 compound (favipiravir; CAS No. 

259793-96-9) was purchased from BOC Science (New York, USA) and either dissolved in 

Tween 80 (0.5%) and DPBS to 10 mg/ml for orally administered treatment in vivo. For in 
vitro work, T-705 was dissolved in dimethyl sulfoxide (DMSO) at a concentration of about 

10 mg/ml and stored at −20°C. The final concentration of DMSO in the cell culture 

supernatant was 0.1%. All work with infectious MARV was performed in the containment 

level 4 laboratories at the CSCHAH, Public Health Agency of Canada, Winnipeg, MB, 

Canada.

2.3. In vitro antiviral activity of T-705 against Marburg virus

Vero E6 cells were grown in 96-well plates to 95% confluence and infected with MARV at 

an MOI of 0.01. A series of diluted T-705 solutions (starting at 50 µg/ml followed by 1:3 

dilutions) was added 1 h pre-infection. One hour post-infection, the inoculum was removed 

and replaced with 100 µl of fresh DMEM plus 2% FBS. Seventy two hours post-infection, 

cell supernatants were collected and MARV RNA levels were analyzed by RT-qPCR, as 

described below, to determine the half maximal effective concentration (EC50) of inhibitory 

function and the 90% effective inhibitory concentration (EC90) according to the Reed-

Muench method. The cell culture supernatant was also tested with infectious virus titrations 

to determine antiviral activity as described in section 2.6.

2.4. In vivo antiviral activity of T-705 against Marburg virus

Groups of nine or ten 6- to 8-week-old female BALB/c mice (Charles River) received a 

challenge dose of 1000X the 50% lethal dose (LD50) of mouse-adapted MARV (LD50=0.01 

PFU/animal) (Qiu et al., 2014) in 200 µl of DPBS (pH 7.4) by intraperitoneal injection. Mice 
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were subsequently treated with either 300 mg/kg of body weight of T-705 starting on day 1, 

2, 3, or 4 post-infection or 75 or 150 mg/kg T-705 starting on day 2 post-infection. Drug was 

administered orally once per day, and treatment was continued for a total of eight 

consecutive days. Control animals were treated in the same manner with PBS instead of 

drug. All animals were monitored daily for symptoms of disease, and six mice in each 

treatment group were assessed for survival and weight change. Blood and tissues from three 

or four mice per treatment group were collected at day 6 post-infection to determine viral 

RNA levels and viral loads, evaluate biochemical markers, and count blood cell numbers.

2.5. Quantification of viral RNA levels by RT-qPCR

Viral RNA was extracted from mouse blood using the QIAamp viral RNA minikit (Qiagen), 

and total RNA was extracted from mouse tissues using the RNeasy mini Kit according to the 

manufacturer’s instructions (Qiagen). Viral RNA levels were determined by reverse 

transcription quantitative PCR (RT-qPCR) using the LightCycler 480 thermal cycler (Roche) 

and the LightCycler 480 RNA Master Hydrolysis Probes kit (Roche) along with the primers 

and probe indicated in Table 1. 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.

2.6. Infectious virus titrations

Titration of wild type and mouse-adapted MARV was performed as follows: Supernatants or 

Virus purified from whole blood or harvested organs were first serially diluted 10-fold in 

DMEM supplemented with 2% heat-inactivated FBS. Vero E6 cells (at 95% confluence in a 

96-well plate (Corning)) were then inoculated with 100 µl of each dilution, in triplicate, and 

cells were incubated at 37°C for 1 h. Following the incubation, the supernatant was removed 

and replaced with 100 µl of fresh DMEM with 2% FBS. Cells were then incubated for 14 

days, after which they were scored for the presence of cytopathic effects (CPE), and titers 

were calculated by the Reed and Muench method. Results are expressed as TCID50/ml or 

TCID50/g of tissue.

2.7. Blood biochemistry and cell counts

Blood biochemistry was evaluated at day 6 post-infection with the VetScan VS2 blood 

analyzer (Abaxis, USA) using heparinized blood for concentrations of the following 

indicators: alkaline phosphatase (ALP), alanine aminotransferase (ALT), amylase (AMY), 

total bilirubin (TBIL), blood urea nitrogen (BUN), and glucose (GLU). To determine the 

complete blood cell counts, whole blood was analyzed using a VetScan HM5 hematology 

system (Abaxis, USA) for the following cells: white blood cells (WBC), monocytes (MON), 

neutrophils (NEU), platelets (PLT), and lymphocytes (LYM). All analyses were performed 

according to manufacturers’ instructions.

2.8. Data analysis

Unpaired statistical comparisons of viral RNA, blood cell counts, and blood biochemistry 

data were performed using a one-way ANOVA test with Bonferroni’s multiple-comparison 

test using Graph Pad Prism 6 software. Analysis of survival curves was performed with the 
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Mantel-Cox (log-rank) test. P values less than or equal to 0.05 were considered significant 

and marked with a single asterisk, P values less than or equal to 0.01 were considered very 

significant and marked with two asterisks, and P values less than or equal to 0.001 were 

considered extremely significant and marked with three asterisks.

3. Results

3.1. In vitro antiviral activity and toxicity of T-705 against MARV

We first sought to assess the antiviral activity of T-705 against MARV in cell culture. To this 

end, Vero E6 cells were infected with wild type MARV at an MOI of 0.01 and treated with 

increasing concentrations of T-705, ranging from 0.20 to 50 µg/ml. Viral RNA levels in the 

supernatant were analyzed by reverse transcription quantitative PCR (RT-qPCR) 72 hours 

post-infection, and percent inhibition of infection was determined. Overall, our data showed 

that T-705 was able to suppress MARV RNA replication by about 3 log units, with an EC50 

of 8.406 µg/ml and EC90 of 33.38 µg/ml (Fig. 1A). Titration of virus in the cell culture 

supernatant showed that T-705 was able to greatly reduce MARV infectious particles, with 

an EC50 of 1.2 µg/ml and EC90 of 4.4 µg/ml (Fig. 1B). Importantly, cell growth and 

viability following treatment with T-705 alone revealed no adverse effects on Vero E6 cells, 

even at the highest concentration of 1 mg/ml (data not shown), in line with previously 

published results (Smither et al., 2014)).

3.2. In vivo antiviral activity of T-705 in MARV-infected mice

Next we evaluated the in vivo efficacy of T-705 against MARV in infected mice. Mice were 

intraperitoneally infected with mouse-adapted MARV at 1000X the LD50 (0.01 PFU/

animal), followed by oral administration of differing concentrations of T-705 beginning on 

day 1, 2, 3, or 4 post-infection and continuing for eight consecutive days (Fig. 2A). 

Remarkably, administration of T-705 at a dose of 300 mg/kg/day initiated at day 1 or 2 post-

infection completely protected the mice, with no animals succumbing to infection or 

exhibiting weight loss (Fig. 2B). When 300 mg/kg/day treatment was initiated on day 3 or 4 

post-infection, partial protection was observed, with survival rates of 50% and 66%, 

respectively, although the former result was not statistically significant (Fig. 2B). Mice 

treated with 150 mg/kg/day T-705 beginning at day 2 post-infection also showed significant 

weight loss starting on day 9, but, again, 66% of the animals survived infection (Fig. 2C). 

Likewise, mice treated with 75 mg/kg/day T-705 starting on day 2 post-infection showed a 

significant reduction in body weight beginning at day 6, although 66% of the animals 

survived infection (Fig. 2C). As expected, all of the control mice treated with PBS instead of 

T-705 exhibited rapid and significant weight loss and succumbed to infection within eight 

days (Figs. 2B and 2C). These data demonstrate that T-705 is an effective treatment for 

MARV infection, resulting in complete survival at high, early doses and partial survival at 

doses administered up to four days post-infection.

3.3. Virus RNA levels and viral loads in MARV-infected mouse blood and tissues

In order to assess the systemic spread of MARV in treated and untreated mice, we harvested 

the liver, spleen, kidney, lungs, and blood on day 6 post-infection and assessed these samples 

for viral RNA by RT-qPCR (Fig. 3) and infectious viral loads by titration (Fig. 4). We found 
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the MARV RNA levels and viral loads in the blood and livers of mice treated with 75, 150, 

or 300 mg/kg/day of T-705 beginning on day 2 post-infection were significantly decreased 

compared to the control mice treated with PBS, indicating an inhibition of virus replication 

(Fig. 3A, B) and infectious particle formation (Fig. 4A, B). Intriguingly, while there were no 

differences in viral RNA levels in the liver and blood when mice were treated with 300 

mg/kg/day beginning on day 3 or 4 post-infection (Fig. 3A, B), decreases in infectious 

particles in these samples were evident and statistically significant for all but one treatment 

condition (Fig. 4A, B). Similarly, there were also no statistically significant differences in 

RNA levels in the spleens, kidneys, and lungs between any of the T-705-treated mice and the 

PBS-treated controls under any treatment condition (Fig. 3C-E). Nevertheless, we did 

observe at least some reduction in infectious virus particles in all of these tissues under most 

conditions, with mice treated with 300 mg/kg/day T-705 beginning on day 2 post-infection 

exhibiting statistically significant decreases in all tissues (Fig. 4C-E). The lungs also showed 

statistically significant reductions in infectious virus particles when mice were treated with 

as little as 75 or 150 mg/kg/day T-705 beginning on day 2 or 300 mg/kg/day beginning on 

day 3 (Fig. 4E). Together, these data demonstrate that T-705 treatment reduces virus 

replication and effectively inhibits the formation of infectious virus particles.

3.4. Blood biochemistry analysis in MARV-infected mice

To better understand the course of Marburg virus disease and the protective effect of T-705, 

we next analyzed blood biochemistry in mice treated with 75, 150, and 300 mg/kg/day 

T-705 beginning on day 2 post-infection (Fig. 5). The results showed that the ALP (alkaline 

phosphatase), AMY (amylase), and TBIL (total bilirubin) levels were significantly lower in 

all treated mice than in PBS-treated control mice, closely resembling the values observed in 

uninfected mice (Fig. 5A-C). For ALT (alanine aminotransferase), mice treated with 150 or 

300 mg/kg/day T-705 exhibited significantly lower values than PBS control-treated mice or 

mice treated with 75 mg/kg/day T-705 (Fig. 5D). BUN (blood urea nitrogen) levels in mice 

treated with 300 mg/kg/day T-705 were lower than the control group but not significantly 

different, whereas mice treated with 75 or 150 mg/kg/day T-705 did show a significant 

difference (Fig. 5E). Finally, GLU (glucose) levels were significantly higher in mice treated 

with 150 or 300 mg/kg/day T-705 compared to the PBS-treated animals, while mice treated 

with 75 mg/kg/day T-705 exhibited levels closer to the PBS-treated mice (Fig. 5F). In line 

with the reduction in MARV replication, these data suggest that T-705 treatment greatly 

reduces the damage to the liver, pancreas, and kidneys that is associated with MARV 

infection in mice (Qiu et al. 2014).

3.5. Blood cell quantification in MARV-infected mice

In order to examine the effect of T-705 on the immune system of MARV-infected mice, we 

quantified white blood cells, lymphocytes, monocytes, neutrophils, and platelets in mouse 

blood (Fig. 6). No significant differences in cell numbers were observed between T-705-

treated mice and PBS-treated, control mice; however, the lymphocyte population in all 

infected mice was significantly reduced compared to uninfected mice (Fig. 6C) and the 

neutrophil population was significantly elevated (Fig. 6E). Decreases were also observed in 

white blood cell numbers (Fig. 6A) and platelets (Fig. 6F) when comparing infected to 

uninfected animals, but these were not significant.
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4. Discussion and conclusions

T-705, which is also known as favipiravir, is currently used to treat influenza in Japan and 

has undergone phase II clinical trials for the treatment of Ebola virus disease, albeit with 

inconclusive results (Yen et al., 2016; Sissoko et al., 2016). The drug’s use against influenza, 

along with its apparently broad-spectrum antiviral activity against a number of other viruses, 

including EBOV, could make T-705 an attractive therapeutic candidate against MARV. 

Indeed, in the present study, we demonstrate that T-705 is effective against MARV infection 

both in vitro and in vivo.

Initially, we evaluated the antiviral activity of T-705 in vitro and demonstrated that T-705 

was able to prevent MARV replication in Vero E6 cells. It has previously been reported that 

T-705 inhibits EBOV replication in Vero cells two days post-infection at a dose as low as 

62.5 µg/ml (Smither et al., 2014), and Oestereich et al. (2014) calculated the EC50 of T-705 

against EBOV in Vero E6 cells to be 10.5 µg/ml. Our calculated EC50 of 8.406 µg/ml for 

T-705 against MARV is consistent with the Oestereich et al. (2014) study and suggests that 

T-705 has similar efficacy against both EBOV and MARV, at least in tissue culture. 

Importantly, treatment of cells with levels of T-705 as high as 1 mg/ml showed no adverse 

effect on cell viability (data not shown), in concordance with Smither et al. (2014) who 

demonstrated that T-705 was only toxic to cells at concentration higher than 2 mg/ml. 

Together, our results suggest that T-705 possesses antiviral activity against MARV at 

concentrations far below the levels that cause toxicity in cell culture.

Evaluation of T-705 in our recently developed mouse model of MARV infection (Qiu et al., 

2014) revealed a potent therapeutic effect of the drug against MARV. Remarkably, the 300 

mg/kg/day dose of T-705 completely protected MARV-infected mice whether administered 

beginning on day 1 or 2 post-infection. These results are similar to those obtained by 

Oestereich et al. (2014), who demonstrated that treatment with 300 mg/kg/day of T-705 

from days 6 to 13 post-infection completely protects mice from EBOV infection. Notably, 

however, unlike the Oestereich study, which divided the T-705 treatment into two daily 

doses of 150 mg/kg, our study demonstrated that a single, large dose of drug per day could 

provide complete protection against MARV when begun up to two days post-infection. 

Indeed, we also demonstrated partial protection against MARV infection when 300 mg/kg of 

T-705 was administered beginning as late as 4 days post-infection. Following cell entry, 

T-705 undergoes conversion into a ribosylated, triphosphorylated nucleotide analogue 

known as T-705 RTP (Furuta et al., 2005). Interestingly, this active form of the drug is 

catabolized slowly, and T-705 RTP has been reported to persist and accumulate 

intracellularly even after extracellular T-705 has been cleared (Smee et al., 2009), perhaps 

explaining why a single, large dose of T-705 was effective against MARV. Using the body 

surface normalization method to convert the 300 mg/kg dose in mice to the human 

equivalent dose (Reagan-Shaw et al., 2008) revealed a value of ~24 mg/kg, which is within 

range of the dose of T-705 used in the recent EBOV clinical trial (Sissoko et al., 2016; 

Mentre et al., 2015) and suggests that the human equivalent dose of T-705 may be effective 

at safely treating human MARV infection, although more research is required. Whether 

multiple daily doses are as effective as, or more effective than, a single daily dose in treating 

MARV infection in mice will require further investigation. It will also be particularly 
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interesting to determine the efficacy of multiple daily doses totalling less than 300 mg/kg, 

since single doses of 75 and 150 mg/kg/day of T-705 provided partial protection when 

administered beginning on day 2 post-infection.

As expected, T-705 treatment resulted in decreases in both virus replication and infectious 

viral particle formation. The high, early dose of T-705 (i.e., 300 mg/kg/day beginning on day 

2 post-infection) significantly reduced or eliminated infectious virus particles in all tissues, 

highlighting the drug’s potent antiviral activity and correlating with the complete survival of 

the animals. Lower doses administered early post-infection (i.e., 75 or 150 mg/kg/day 

beginning on day 2) and higher doses administered later post-infection (i.e., 300 mg/kg/day 

beginning on day 3 or 4) also appeared to reduce the formation of infectious virus particles 

in most tissues, although the differences were only significant in the liver, blood, and lungs. 

Accordingly, these doses offered only partial protection to infected animals, suggesting that 

survival correlates with the degree to which infectious virus is reduced. Interestingly, 

decreases in viral RNA levels did not seem to uniformly correlate with the decreases in 

infectious virus. Viral RNA levels in the blood and livers of drug-treated mice were reduced 

compared to PBS-treated control mice following early treatment with T-705; however, 

significant reductions in virus RNA levels were not observed in any other tissues. These 

results are puzzling, although they may offer a hint towards the mechanism of T-705 against 

MARV.

T-705 has been proposed to function as a nucleoside analogue that either inhibits the viral 

polymerase or results in catastrophic mutation upon incorporation into the newly 

synthesized genome (Jin et al., 2013; Furuta et al., 2013). Although our data may provide 

some evidence for the former, they seem to more strongly support the latter. Viral RNA was 

detected in every organ and tissue tested, suggesting that some degree of viral replication 

was occurring systemically, yet, in many of these tissues, infectious virus particles were 

undetectable or significantly reduced. This phenomenon is best highlighted in the lungs, 

where virus replication in drug-treated animals was indistinguishable from that observed in 

control animals, but infectious virus particles were significantly reduced or undetectable in 

almost all cases following drug treatment. These data suggest that T-705 may have permitted 

virus replication but, upon incorporation into the genome, resulted in virus particles that 

were no longer infectious, thereby reducing viral load. Indeed, the dramatic and highly 

significant decreases in infectious particles observed in the liver and blood may account for 

the reduction in virus RNA levels in these same tissues, rather than the other way around. 

Notably, these data are in accordance with work by Arias et al. (2014), who demonstrated 

that T-705 treatment of norovirus-infected mice resulted in an increased frequency of virus 

mutation and a decrease in infectious virus in feces and tissue samples. Future studies will 

be required to further explore this phenomenon in MARV-infected mice, with larger animal 

numbers (to more accurately assess the significance of slight changes in viral loads and 

RNA levels) and virus genome sequencing necessary.

For the most part, blood biochemistry values in drug-treated mice showed little change from 

the values observed in uninfected mice, suggesting that T-705 treatment reduces the liver 

(ALP, ALT, TBIL, GLU), kidney (BUN, GLU), and pancreas (AMY) pathology associated 

with severe MARV infection. This was particularly evident in the animals that were treated 
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with 300 mg/kg/day of T-705 starting on day 2; however, animals treated with 75 or 150 

mg/kg/day also exhibited reductions in most of these parameters. Indeed, the levels of ALP, 

ALT, TBIL, and GLU, which are all markers of liver dysfunction, are in line with the 

reduced viral loads and RNA levels observed in the liver for all animals that received 

treatment beginning on day 2, indicating that viral replication in the liver is linked to 

pathology. A similar but less obvious phenomenon may have been apparent in the kidneys, 

where viral loads were slightly reduced and reductions in BUN levels were present but less 

or not statistically significant. Nevertheless, these data demonstrate a clear therapeutic 

efficacy of T-705 in reducing pathology caused by MARV infection.

Hematologic analyses revealed that immune cell populations in T-705-treated mice were 

generally similar to those in PBS-treated control mice. Moreover, lymphocyte and neutrophil 

populations in all infected mice, regardless of treatment, were significantly decreased and 

increased, respectively. Lymphopenia and neutrophilia are typically observed in response to 

MARV infection (Nakayama & Sajio 2013; Mehedi et al., 2011), and the data presented here 

suggest that the immune response to MARV was not altered by T-705 treatment, although 

more work is necessary. Decreases in platelet numbers suggest that infected animals may 

have developed thrombocytopenia, although the differences from uninfected animals were 

slight in all cases except the PBS-treated mice. Regardless, these data are in agreement with 

the hypothesis that that T-705 reduces viral loads, thereby reducing tissue and organ damage, 

while still allowing the host to mount an immune response against infection. It will be 

interesting to examine T-705-treated animals for cytokine, MARV-specific antibodies and/or 

CD8+ T cells to determine the effect of T-705 on the adaptive immune response.

Overall, our results indicate that, in mice, T-705 is able to effectively reduce viral loads (and, 

to some degree, viral RNA levels), relieve signs of disease, and increase survival rates, even 

in low doses administered orally as late as two days post-infection. Our findings are in 

accordance with other studies demonstrating T-705’s efficacy against EBOV (Oestereich et 

al., 2014, Smither et al., 2014), and they suggest that future evaluation in non-human 

primate models is warranted. Indeed, our study provides the basis for the advancement of 

T-705 as a novel therapeutic against MARV disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Favipiravir inhibits MARV replication in cell culture.

• Favipiravir reduces MARV viremia in MARV-infected mice.

• Favipiravir provides complete survival in MARV-infected mice.
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Fig. 1. Antiviral activity of T-705 against MARV in cell culture
(A) Vero E6 cells were treated with a dilution series of T-705 (starting at 50 µg/ml followed 

by 1:3 dilutions) 1 h prior to infection with wild type MARV at MOI of 0.01. After 72 hours, 

MARV RNA in the supernatant was quantified by RT-qPCR. The EC50 and EC90 values for 

T-705 with 95% confidence interval (95% CI) were calculated from the sigmoidal function. 

(B) Virus titers in Vero E6 cell culture supernatants were determined by TCID50 assay.
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Fig. 2. Survival rate and relative weight change in MARV-infected mice
(A) Six mice in each group were inoculated via the intraperitoneal route with mouse-adapted 

MARV. Mice were treated orally once daily with 300 mg/kg/day T-705 beginning on day 1, 

2, 3, or 4 post-infection, or with 150 or 75 mg/kg/day T-705 beginning on day 2 post-

infection and continuing for eight consecutive days. Control mice were treated on the same 

schedule with an equal volume of PBS. All mice were monitored daily for survival and 

weight loss. (B, C) Kaplan-Meier survival curves and relative body weight changes in 

MARV-infected mice treated with 300 mg/kg/day of T-705 beginning on day 1, 2, 3, or 4 

post-infection (B) or treated with 150 mg/kg/day or 75 mg/kg/day of T-705 beginning on 
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day 2 post-infection (C). Relative weight changes are depicted as the mean of six mice. 

Statistical comparisons between PBS-treated and T-705-treated animals were performed 

using the Mantel-Cox (log-rank) test: ***, P<0.001; **, P < 0.01; *, P < 0.05.
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Fig. 3. Virus RNA replication in mouse blood and tissues
(A-E) MARV genome equivalent (GEQ) RNA levels in liver (A), blood (B), spleen (C), 

kidney (D), and lung (E) samples collected at day 6 post-infection were determined by RT-

qPCR for uninfected mice or mice treated with PBS (control), 300 mg/kg/day T-705 

beginning on day 2, 3 or 4 post-infection, 150 mg/kg/day T-705 beginning on day 2 post-

infection, or 75 mg/kg/day T-705 beginning on day 2 post-infection. Statistical comparisons 

between PBS-treated and T-705-treated animals were performed using a one-way ANOVA 

test with Bonferroni’s multiple-comparison correction: ***, P<0.001; **, P < 0.01; *, P < 

0.05.
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Fig. 4. Virus titers in the blood and tissues of mice infected with MARV
(A-E) Whole blood and tissues were collected from individual BALB/c mice (4 per time 

point) infected with 1000X LD50 of mouse-adapted MARV. Virus titers in blood (B) or 

tissue homogenates of liver (A), spleen (C), kidney (D), and lung (E) were determined by a 

TCID50 assay. Statistical comparisons between PBS-treated and T-705-treated animals were 

performed using a one-way ANOVA test with Bonferroni’s multiple-comparison correction: 

***, P<0.001; **, P < 0.01; *, P < 0.05.
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Fig. 5. Blood biochemistry analysis in MARV-infected mice
(A-F) Blood enzyme levels for ALP (alkaline phosphatase) (A), AMY (amylase) (B), TBIL 

(total bilirubin) (C), ALT (alanine aminotransferase) (D), BUN (blood urea nitrogen) (E), 

and GLU (glucose) (F) were measured in whole blood using the Abaxis VS2 system. All 

data points were collected on day 6 post-infection from uninfected mice or mice treated with 

PBS (control), 300 mg/kg/day T-705, 150 mg/kg/day T-705, or 75 mg/kg/day T-705 

beginning on day 2 post-infection. Statistical comparisons between PBS-treated and T-705-

treated animals were performed using a one-way ANOVA test with Bonferroni’s multiple-

comparison correction: ***, P<0.001; **, P < 0.01; *, P < 0.05.
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Fig. 6. Blood cell quantification in MARV-infected mice
(A-F) WBC (white blood cell) counts (A), LYM (lymphocyte) counts (B), LYM percentage 

(C) MON (monocyte) percentage (D), NEU (neutrophil) percentage (E), and PLT (platelet) 

counts (F) were calculated from whole blood using the Abaxis HM5 system. All data points 

were collected on day 6 post-infection from uninfected mice or mice treated with PBS 

(control), 300 mg/kg/day T-705, 150 mg/kg/day T-705, or 75 mg/kg/day T-705 beginning on 

day 2 post-infection. Statistical comparisons between infected and uninfected animals were 
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performed using a one-way ANOVA test with Bonferroni’s multiple-comparison correction: 

***, P<0.001; **, P < 0.01; *, P < 0.05.
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Table 1

Primers and probe used in RT-qPCR

Primer 1-F 5’-GCAAAAGCATTCCCTAGTAACATGA-3’

Primer 1-R 5’-CACCCCTCACTATRGCGTTYTC-3’

Primer 2-F 5’-GCGAAGGCATTCCCTAGTAATATGA-3’

Primer 2-R 5’-CACCTCTTACTATGGCATTCTC-3’

Probe 5’-56-FAM/TGGCACCAY/ZEN/AATTCAGCAAGCATAGG/3IABkFQ-3’
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