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Abstract

Pritelivir, a helicase-primase inhibitor, has excellent /n vitroand in vivo activity against human
herpes simplex virus (HSV). Mice lethally infected with HSV type 1 or 2, including acyclovir-
resistant strains, were treated 72 hours after infection for 7 days with pritelivir or acyclovir. Both
drugs were administered orally twice daily either alone or in combination. Dosages of pritelivir
from 0.3 to 30 mg/kg reduced mortality (P<0.001) against HSV-1, E-377. With an acyclovir
resistant HSV-1, 11360, pritelivir at 1 and 3 mg/kg increased survival (P<0.005). With HSV-2, MS
infected mice, all dosages higher than the 0.3 mg/kg dose of pritelivir were effective (P<0.005).
For acyclovir resistant HSV-2, strain 12247, pritelivir dosages of 1 to 3 mg/kg significantly
improved survival (P<0.0001). Combination therapies of pritelivir at 0.1 or 0.3 mg/kg/dose with
acyclovir (10 mg/kg/dose) were protective (P<0.0001) when compared to the vehicle treated group
against HSV-2, strain MS (in line with previous data using HSV-1). An increased mean days to
death (P<0.05) was also observed and was indicative of a potential synergy. Pharmacokinetic
studies were performed to determine pritelivir concentrations and a dose dependent relationship
was found in both plasma and brain samples regardless of infection status or time of initiation of
dosing. In summary, pritelivir was shown to be active when treatment was delayed to 72 hours post
viral inoculation and appeared to synergistically inhibit mortality in this model in combination
with acyclovir. We conclude pritelivir has potent and resistance-breaking antiviral efficacy with
potential for the treatment of potentially life-threatening HSV type 1 and 2 infections, including
herpes simplex encephalitis.
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1. Introduction

The seroprevalence of herpes simplex virus (HSV) infection worldwide has not changed
significantly over the past several decades. Once infected, people may have either clinical
and or asymptomatic recurrences resulting in person to person transmission. HSV is the
most frequently reported pathogen responsible for infectious encephalitis in 2016 (Boucher,
2017). There are two distinct types of HSV infections of the central nervous system (CNS),
encephalitis of older children and adults, mainly by HSV type 1 (HSV-1), and neonatal
encephalitis usually caused by HSV type 2 (HSV-2) (Whitley, 2015). It is estimated that
encephalitis caused by HSV occurs in approximately 1 in 250,000 to 1 in 500,000
individuals per year (Whitley, 2006). Taking into account a world population of currently 7.6
billion people (http://www.worldometers.info/world-population/, retrieved 25 Oct 2017) this
equals to approximately 15,000 to 30,000 HSV encephalitis cases globally per year, with a
risk of up to 70% mortality when left untreated (Whitley, 2006).

The nucleoside analog acyclovir (ACV), which needs to become activated by the viral
thymidine kinase (TK) in HSV infected cells, is the only US Food and Drug Administration
(FDA)-approved treatment for HSV encephalitis. However, mortality of up to 25% can still
occur (Whitley, 2015).

Therefore, additional therapeutic antiviral compounds with low toxicity and non-TK
dependent mechanisms of action are needed, especially in light of the increasing prevalence
of ACV resistant isolates of HSV in the immunocompromised host where only limited
treatment options are available (Burrel et al., 2013, Frobert et al., 2014, Piret and Boivin,
2016). Further, because of disease severity, combination therapies must be developed with
drugs having differing mechanisms of action.

Pritelivir (PTV, formerly known as BAY-57-1293 or AIC316) is a non-nucleosidic inhibitor
specifically targeting the viral helicase-primase complex (Kleymann et al., 2002). PTV does
not need to be activated by viral or cellular enzymes such as the TK, and is active against
nucleoside analog resistant strains. In two clinical trials, superior efficacy over placebo and
valacyclovir (prodrug of ACV), respectively, was demonstrated in otherwise healthy persons
with genital herpes (Wald et al., 2014; Wald et al., 2016). In both trials, PTV treatment led to
a significant reduction in HSV shedding, genital lesions and the amounts of virus shed. PTV
was also shown to be active against HSV infections in a murine model of HSV encephalitis
when treatment was initiated shortly after viral inoculation (i.e. 6 h) and using dosages up to
60 mg/kg three times a day (Betz et al., 2002).

The present studies were designed to extend the time of initiation of treatment following
viral inoculation and determine the lowest effective dose of PTV in these models for both
HSV-1 and HSV-2, including ACV resistant strains and supported by determination of PTV
plasma and brain concentrations. In addition, combination studies of PTV with ACV were
conducted to evaluate the effect of these combinations in potential life-threatening HSV
infections, namely herpes simplex encephalitis.
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2. Materials and Methods

2.1 Experimental animals

Female BALB/c mice were purchased from Charles River Laboratories (Raleigh, North
Carolina) at 3 — 4 weeks of age. Animals were quarantined and acclimated for a minimum of
3 days prior to use. Mice were group housed in microisolator cages and utilized at a quantity
of 15 mice per treatment group. They were obtained, housed, utilized and euthanized
according to United States Department of Agriculture (USDA) and Association for
Assessment and Accreditation of Laboratory Animal Care (AAALAC) regulatory policies.
All animal procedures were approved by the University of Alabama at Birmingham
Institutional Animal Care and Use Committee prior to initiation of studies.

2.2 Viruses and cells

2.3 Antiviral

The strains of HSV-1 utilized were the laboratory strain E-377 and the clinical isolate11360
and the strains of HSV- 2 were the laboratory strain MS and the clinical isolate 12247.
Isolates were gifts of Jack Hill, Burroughs Wellcome. The susceptibilities of these viruses
have been reported previously (Prichard et al., 2009; Tardif et al., 2014). The /n vitro half
maximal efficacy concentration (ECsg) for ACV for strain 11360 was >100 pM and for
strain 12247 was also >100 UM and both strains are considered ACV resistant. The strains
have the following polymorphisms with ACV resistance-mediating mutations underlined:
TK polymorphisms C6G, N23S, K36E, S181N, A192V, G251C, A265T, V267L, P268T,
D286E, and N376H (relative to NC_001806) for strain 11360 and G39E, N78D, L140F and
C337Y (relative to NP044492.1) and DNA polymerase polymorphisms A9T, P15S and
L60P for strain 12247 (relative to NP 044500.1), and S33G, V905M, A1203T, and T1208A
(NC_001806) for strain 11360. Human foreskin fibroblast (HFF) cells were prepared as
primary cultures from freshly obtained newborn human foreskins and virus stocks were
prepared and quantified in HFF cells for use /in vivo by methods reported previously
(Prichard et al., 2013).

compounds

PTV was kindly provided by AiCuris (Wuppertal, Germany) and was suspended in 1.0%
carboxymethylcellulose (CMC) in water for oral delivery to mice. ACV (Sigma Co., St.
Louis, Missouri) was also suspended in 1.0% CMC for oral administration. Compounds
were prepared in a 0.2 ml volume. Treatments for efficacy and drug distribution evaluations
were administered to mice for 7 consecutive days beginning 24—72 h post viral inoculation
by oral gavage using doses ranging from 0.03 to 45 mg/kg of PTV or 1 to 50 mg/kg of ACV
given twice daily at approximately 12 h intervals depending on the specific protocol. For
combination studies, data was used from previous studies which indicated that the lowest
effective dose of ACV was 30 mg/kg administered orally twice daily (Prichard et al., 2011).
The lowest effective dose of PTV was determined in these studies to be 0.3 mg/kg when
given orally twice daily. Dose levels of 10 mg/kg for ACV and 0.3 mg/kg for PTV were
selected as the highest dosages to enable the detection of improved efficacy of the
combination by employing an experimental design previously reported (Quenelle et al.,
2007). All mice in combination studies were dosed twice daily beginning 72 h following
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viral inoculation using a total volume of 0.2 ml solution of vehicle or drug solutions to
equilibrate stress.

2.4 Experimental infections

Mice were manually restrained for intranasal inoculations using a total volume of 0.04 ml/
mouse containing an approximate lethal dose 90% (LDgg) of HSV-1, strain E-377, HSV-1,
strain 11360, HSV-2, strain MS or HSV-2, strain 12247. For HSV-1, strain E-377 studies, the
inoculum contained 1 x 103 plaque forming units (PFU)/mouse. For HSV-1, strain 11360
studies, the inoculum contained 3 x 10° PFU/mouse. For pharmacokinetic and efficacy
studies with HSV-2, strain MS, the viral inoculum contained 1.1 x 10° PFU/mouse. The
combination efficacy study used 2.1 x 104 PFU/mouse for HSV-2. For HSV-2, strain 12247
studies, the inoculum contained 8.8 x 10* PFU/mouse. For mortality experiments, animals
were evaluated at least once daily for 21 days post viral inoculation and three or more times
daily during peak occurrence of neurological signs so that mice could be humanely
euthanized. Mice exhibiting hind limb weakness, head tilt, circling or other signs of viral
encephalitis were immediately euthanized and recorded as dead the following day for
statistical purposes.

For pharmacokinetic studies, five mice each from vehicle and drug-treated groups were
euthanized on day 8, 9 or 10 post viral inoculation following the last treatment for aseptic
collection of brain and serum. Treatments were initiated at 24, 48 or 72 h post viral
inoculation and uninfected mice were included for comparison. Mice were anesthetized with
ketamine-xylazine via intraperitoneal injection for retro-orbital collection of whole blood
using capillary tubes into a heparinized tube setting in an ice bath. Blood was stored on ice
then centrifuged 134 x g for 7 min. Plasma was collected and transferred to a new vial and
immediately frozen at —80°C until assayed for PTV levels by high-performance liquid
chromatography coupled with mass spectrometry (HPLC-MS) (below). Mice were
euthanized via carbon dioxide-oxygen asphyxiation for aseptic retrieval of brain samples.
Samples were snap frozen on ethanol-dry ice and stored frozen at —80° C until assayed for
PTV concentrations by HPLC-MS (below).

2.5 Analyses of brain and plasma samples

Brains were weighed and homogenized by use of a Gentle MACS™ Octo Dissociator after
addition of twice the weight of extraction medium (acidified methanol). The samples were
centrifuged at 8°C for 10 minutes at ca. 1,800 x g. The supernatant was transferred into fresh
tubes and centrifuged again at 8°C for 10 minutes at 13,400 x g. All extracts were stored at
—80°C until subsequent analyses were performed.

Plasma and brain extract samples were diluted in the corresponding blank matrix or directly
mixed with protein precipitation solution (acidified methanol) containing internal standard
([*3C2H3 N]pritelivir).

The samples were thoroughly mixed and proteins and particulates were removed by
centrifugation (10 minutes at approximately 2,100 x g). The supernatant was transferred to a
96-well plate and was evaporated to dryness. The residue was reconstituted in methanol/
acetonitrile/water/acetic acid (25+25+50+1, volume %) prior to analysis.
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All samples were subjected to HPLC-MS (Sciex 3200 QTrap, Agilent 1200 HPLC system,
and PAL HTC autosampler). Samples were separated with an Ascentis RP-amide column
(Supelco), using an injection volume of 10 pl. Water containing 1% acetic acid (mobile
phase A) and methanol/acetonitrile/acetic acid at 50+50+1 (volume %; mobile phase B) was
used in a gradient that was held at 0% mobile phase B for 0.5 min, linearly increased to 70%
mobile phase B in 2.5 min, and then held at 70% mobile phase B for 1.5 min, at a flow of
0.4 ml/min. The column was then flushed with 95% mobile phase B for 0.9 min and
reequilibrated for 4.6 min. Detection was performed in the APl 3200 QTrap system with a
TurbolonSpray ion source operating in the positive mode, with an ionization voltage of
5,000 V and a declustering potential of 31 V. The mass transitions for the multiple-reaction
monitoring were m/z 403.6 to 196.3 and 408.6 to 196.3 for PTV and its internal standard,
respectively, at a collision energy of 27 eV.

The calibration range was from 2 ng/ml to 2,000 ng/ml, quality control samples were
prepared as intra-batch controls. The retention time was 3.3 min for both PTV and its stable-
isotope-labeled internal standard.

2.6 Statistical evaluation

3. Results

Survival curves were created in GraphPad Prism® and survival was evaluated by log rank
Mantel-Cox analyses. P values were considered significant when comparing each treated
group to the vehicle treated group once corrections were made with Bonferroni (Dunn,
1961), using a significance level of P<0.05 as starting point for the entire family of
comparisons. Mean day of death (MDD) was assessed using the Mann-Whitney U rank sum
test with a P value of <0.05 considered significant.

3.1 In vivo efficacy of single agent therapy

The effects on survival with PTV or ACV treatment of mice infected with the ACV sensitive
HSV-1 strain E-377 are shown in Figure 1 and Supplemental Table 1. When PTV was
administered twice daily orally at doses of 30, 10, 3 or 1 mg/kg, survival was significantly
increased to 80-100% as compared to the vehicle treatment (7%, P<0.0001) when therapy
was initiated 72 h post viral inoculation. Even the lowest PTV dose of 0.3 mg/kg twice daily
was effective in increasing survival to 53% (P=0.0015). With twice daily ACV treatment at
50 mg/kg, the positive control, survival was also significantly increased to 87% (P<0.0001).

The effects of PTV or ACV on the ACV resistant HSV-1 strain 11360 survival from lethal
viral infection are shown in Figure 2 and Supplemental Table 2. When PTV was orally
administered twice daily at 3 or 1 mg/kg, survival was significantly increased (P<0.0001 and
p=0.0025, respectively) when treatment was initiated 72 h post viral inoculation. Lower PTV
doses and all ACV doses were ineffective in increasing survival as compared to the vehicle
treatment with 7% survival.

The effects on survival with PTV or ACV against the ACV sensitive HSV-2 strain MS lethal
viral infection are shown in Figure 3 and Supplemental Table 3. HSV-2 survival was
significantly increased to 93—-100% (P<0.0001) during PTV therapy when treatments of 30,
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10 or 3 mg/kg twice daily were initiated 72 h post viral inoculation in comparison to the
vehicle treated group with 13% survival. The 1 mg/kg twice daily dose of PTV also
increased survival (73%) compared to the vehicle treated group (P=0.0005), but not the 0.3
mg/kg twice daily dose. When twice daily treatments of ACV using doses of 50 mg/kg were
started 72 h post viral inoculation, survival was also increased to 67% compared to the
vehicle treated group (P=0.0009).

The effects of PTV or ACV against the ACV resistant HSV-2 strain 12247 on survival from
lethal viral infection are shown in Figure 4 and Supplemental Table 4. HSV-2 survival was
significantly increased during PTV therapy when treatments of 3 or 1 mg/kg twice daily
were initiated 72 h post viral inoculation in comparison to the vehicle treated group with
13% survival (P<0.0001). The lowest doses of PTV using 0.3 or 0.1 mg/kg and all doses of
ACV were ineffective.

3.2 In vivo efficacy of combined therapy

The results of PTV therapy with or without ACV against the ACV sensitive HSV-2 strain
MS are shown in Table 1. ACV at the suboptimal dose of 10 mg/kg twice daily plus the
suboptimal doses of PTV of 0.3 or 0.1 mg/kg twice daily showed improved survival to 47 or
40%, respectively, (P<0.0001) when compared to the vehicle treated group which had 0%
survival. Also, increases in MDD from 8.0 days in the vehicle treated group to 10.9 or 10.2
days was significant (p<0.05) for the ACV 10 mg/kg with PTV at 0.3 or 0.1 mg/kg treated
groups, respectively. When compared to survival with ACV alone at 10 mg/kg twice daily
(27%, not significant) or PTV alone at 0.3 or 0.1 mg/kg twice daily (7 or 13%, both not
significant), a combination of both treatments seems to have a beneficial effect.

3.3 Pharmacokinetic analyses

Pharmacokinetic analysis of drug concentrations showed dose dependent amounts of PTV in
infected and uninfected mice. Twice daily doses of 5 mg/kg, 15 mg/kg or 45 mg/kg resulted
in mean plasma concentrations of 2 pg/ml, 4 pg/ml and 9 pug/ml, respectively, independent of
infection status or time of initiation of dosing (Figure 5). Similarly, brain samples showed
mean concentrations of approximately 0.05 ug/g for the 5 mg/kg dose group, 0.11 pg/g for
the 15 mg/kg dose group and 0.22 ug/g for the mice given 45 mg/kg dose group independent
of infection status or time of initiation of dosing (Figure 6).

4. Discussion and Conclusions

In our study, PTV demonstrated potent antiviral activity /n vivo against both HSV-1 and
HSV-2, including ACV resistant strains, when treatment was delayed 72 h post viral
inoculation exceeding the time of treatment initiation (6 h post viral inoculation) that was
reported previously (Betz et al., 2002). The delayed onset of treatment of 72 h post infection
is considered to closer mimic the clinical situation where patients first develop symptoms
and see the doctor before getting treatment.

The activity of PTV in the combination study with ACV indicates that there is at least an
additive if not a synergistic effect against HSV-2, strain MS. We previously reported
potential synergy against HSV-1, E-377 in a similar study where ACV doses of 10 mg/kg
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combined with PTV doses of 0.3 mg/kg increased survival significantly over either agent
given independently (Quenelle et al., 2016). Though further studies are needed to formally
prove a synergistic effect the data demonstrate that PTV alone or in combination with ACV
might be a new treatment option for HSV encephalitis as ACV is less than optimal and more
effective therapy is warranted. In addition, the distinct molecular targets of the compounds
(HSV helicase-primase complex for PTV and viral polymerase for ACV) would greatly
reduce the risk of development of drug resistance. Furthermore, as demonstrated in our
model, PTV therapy due to the different mode of action would allow for treatment of ACV-
resistant infections, which also have been reported for HSV encephalitis (Kakiuchi, et. al.,
2012; Schepers, et.al, 2014; Bergmann et al., 2017).

It is also of importance that we could demonstrate the presence of PTV in both plasma and
brain. PTV was detected in the brain of both uninfected and infected animals and the brain
exposure was proportional to the exposure in plasma. As HSV encephalitis is caused by viral
replication in the brain leading to acute inflammation, congestion, and/or hemorrhage
(Whitley 2006), drug delivery and activity within the CNS is vital for the treatment of this
condition. In the previous study (Betz et al., 2002), it was shown that viral load could be
significantly reduced in the brain cortex under PTV treatment vs. parallel placebo and
valacyclovir treatment. Therefore, PTV exposure in the brain is considered to be sufficient
for efficacy.

In human dose finding clinical trials for patients with genital HSV-2 infections, PTV
reduced lesions and viral shedding. In addition, no resistant isolates of HSV-2 were found
after 4 weeks of daily therapy (Edlefsen et al., 2016). These results and the new data
presented here indicate that PTV might be useful for the treatment of HSV encephalitis in
the future.

Supplementary Material

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

. Pritelivir, a HSV helicase-primase inhibitor, was shown to be active in an
murine model of herpes simplex encephalitis

. Treatment was efficacious even when onset was delayed to 72 hours post
infection with sensitive or acyclovir resistant HSV

. Combination therapy with acyclovir indicated an additive (potentially
synergistic) effect on drug sensitive HSV

. Pritelivir crossed the blood/brain barrier with comparable exposures in HSV
infected and uninfected animals

. Pritelivir could be a useful treatment option for herpes simplex encephalitis
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Figure 1. Survival curves for pritelivir (PTV) efficacy compared to acyclovir (ACV) against
lethal intranasal inoculation using the ACV sensitive HSV-1 strain E-377

Mice were infected intranasally with the ACV sensitive HSV-1 strain E-377 and treated
twice daily with PTV, ACV, or vehicle (1% carboxymethylcellulose) as indicated for 7 days
beginning 72 h after infection. Primary endpoint was mortality within 21 days post virus
inoculation.

Overlapping lines are partially offset for better readability.
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Figure 2. Survival curves for pritelivir (PTV) efficacy compared to acyclovir (ACV) against
lethal intranasal inoculation using the ACV resistant HSV-1 strain 11360

Mice were infected intranasally with the ACV resistant HSV-1 strain 11360 and treated
twice daily with PTV, ACV, or vehicle (1% carboxymethylcellulose) as indicated for 7 days
beginning 72 h after infection. Primary endpoint was mortality within 21 days post virus
inoculation.

Overlapping lines are partially offset for better readability.
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Figure 3. Survival curves for pritelivir (PTV) efficacy compared to acyclovir (ACV) against
lethal intranasal inoculation using the ACV sensitive HSV-2 strain MS

Mice were infected intranasally with the ACV sensitive HSV-2 strain MS and treated twice
daily with PTV, ACV, or vehicle (1% carboxymethylcellulose) as indicated for 7 days
beginning 72 h after infection. Primary endpoint was mortality within 21 days post virus
inoculation.

Overlapping lines are partially offset for better readability.
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Figure 4. Survival curves for pritelivir (PTV) efficacy compared to acyclovir (ACV) against
lethal intranasal inoculation using the ACV resistant HSV-2 strain 12247

Mice were infected intranasally with the ACV resistant HSV-2 strain 12247 and treated
twice daily with PTV, ACV, or vehicle (1% carboxymethylcellulose) as indicated for 7 days
beginning 72 h after infection. Primary endpoint was mortality within 21 days post virus
inoculation.

Overlapping lines are partially offset for better readability.
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Figure 5. Pritelivir concentrations in the plasma of uninfected or HSV-2 infected mice
Pritelivir concentrations from plasma samples of uninfected or HSV-2 infected mice treated

at 5, 15 or 45 mg/kg twice daily for 7 consecutive days beginning 24, 48 or 72 h post viral
inoculation.
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Figure 6. Pritelivir concentrations in the brain of uninfected or HSV-2 infected mice
Pritelivir concentrations from brain samples of uninfected or HSV-2 infected mice treated at

5, 15 or 45 mg/kg twice daily for 7 consecutive days beginning 24, 48 or 72 h post viral
inoculation.

Antiviral Res. Author manuscript; available in PMC 2019 January 01.



Page 17

Quenelle et al.

“JuedIIUBIS PAIBPISUOD GO'0> JO BNJBA d & UMM 1S3} WNS 3uel N Asulypn-uuel sy Buisn passasse sem gaaiN

P

‘UoneINaQ pepUeIS=AIALS "Uiead 40 Aeq uesiN = QAW

HCEIRITEN
'SA suosedwod GT=u Aq papIAIp G0'0>d) SUOI981109 1UOLIBJUOG YIIM SBAIND [BAIAINS JO SISA[eUe X0D-|8lueA yuel B0 Buisn [013U0d 3]91YaA 8y} 0} pasedwiod usym Juedy1ubis paIapIsuod €00°0>d

q

350|N|199AYIBWAX0GIRI=DIND

‘uonoaul Jsle Y z/ BuiuuiBag skep / Ajrep 801m) paless) aiem Sjewiuy Y

SN 60F¢€8 SN 08 ST/ZT  €0°0 ALd + T ADV
SN TTFC8 SN €6 STT T0ALd + T ADV
SN  8TFL8 SN 001 ST/ST €0ALd+TAJV
SN  87FC6 SN 08 ST/ZT  €0°0 ALd + € ADV
SN  O0TFV8 SN 18 ST/ET T'0 ALd + € ADV
SN TZ¥88 SN /8 ST/ET €0 ALd+E AV
SN ZTF06 SN €L ST/TT  €0°0 Ald + 0T ADV

S00> ¥ZFZO0T  T0000> 09 GT/6  TOALd+0T AJV
S00> TEF60T  T0000> €5 ST/ €0ALd+0T AJV
ALd + ADV
SN  TT¥T8 SN €6 STVT B3/6w £0°0
SN 17F98 SN /8 ST/ET /6w T°0
SN LT%26 SN €6 STVT Bx/6w €0
AlLd
SN O0T*T8 SN 00T ST/ST Boy/6w T
SN 0T*!.8 SN 08 ST/2T B3/Bw ¢
SN O0vFEO0T aSN €L STTT B>y/6w 01
uzli+ AOV
- GTF08 00T ST/ST JND % 0T
BJOIUSA

_uwz_m> u>m_h_._.m JU3d.3d JaquinN
-d Faaw gnread Aujeron pluswIeaI |

T alqeL

Author Manuscript Author Manuscript

SIN Urens Z-ASH dAIISUas ADV a3 Yum Ajjeseuenul
Pa103ju] 331Nl J0 A[EHOIN 33 U0 (A Ld) JIAISHId YHM uorreulquiod Ul (ADYV) J1n019Ady Buisn Juawiess] [eiQ pakelaq Ajreq so1ml Jo 10343

Author Manuscript

Author Manuscript

Antiviral Res. Author manuscript; available in PMC 2019 January 01.



Page 18

Quenelle et al.

*|043U03 8]91YdA 8y} 0} pasedwod uaym JuealIubIs 10N = SN 5

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Antiviral Res. Author manuscript; available in PMC 2019 January 01.



	Abstract
	1. Introduction
	2. Materials and Methods
	2.1 Experimental animals
	2.2 Viruses and cells
	2.3 Antiviral compounds
	2.4 Experimental infections
	2.5 Analyses of brain and plasma samples
	2.6 Statistical evaluation

	3. Results
	3.1 In vivo efficacy of single agent therapy
	3.2 In vivo efficacy of combined therapy
	3.3 Pharmacokinetic analyses

	4. Discussion and Conclusions
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Table 1

