Antiviral Drug Etficacy Evaluation Against Pandemic Influenza A (HIN1) Viruses In MDCK Cells
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ABSTRACT Table 1: Pandemic Influenza A (H1N1) Virus In Vitro Testing Results _ o _ _ _ RESULTS

New and emerging influenza virus strains, such as the pandemic influenza A (H1N1) virus, require Effective Concentration (uM) Figure 1: Statistical Analysis of In Vitro Testing Results F'gure 2: Effect of Mouse Adaptatlon (MA) on CA/04/2009 Virus These experiments determined EC., and ECy, values for seven antiviral drugs against nine isolates of
constant vigilance for antiviral drug sensitivity and resistance. These studies evaluated eight isolates Virus Oseltamivir | Peramivir | Zanamivir T-705 Ribavirin | Amantadine | Rimantadine 10 * % K B3 CA/04/2009 5 pandemic i!‘lf.luer_lza A. (H1.I\.|1) Virus. The antivira!s testeq included: Oseltamivir, Peramivir, Zanamivir,
of pandemic influenza A virus against seven antiviral drugs: oseltamivir, peramivir, zanamivir, T-705 ECso | ECoo | ECso | ECoo | ECso | ECoo | ECsp | ECoo | ECso | ECoy | ECso | ECso | ECsp | ECo § E= CA/04/2009 (MA) — - CA/04/2009 T-705 (Favipiravir), Ribavirin, Amantadine and Rimantadine.
(favipiravir), ribavirin, amantadine and rimantadine. The pandemic viruses tested include isolates CA/04/2009 | O12% | 007 [0:004%| ooy [ 0022|0075 272 | 375 | 1652 | 193%| oo f 0| 0| 40 = s Ei | | |
from California, New York, Utah, and an oseltamivir-resistant isolate from Hong Kong. In addition, a 0.09 0.001 0.007 | 0.08 | 2.6 1.4 0.7 3.7 = s = CA/07/2009 ~ 1 Ea CA/04/2009 (MA) Mean EC., and ECgy, values from three replicate experiments are shown in Table 1. These data
mouse-adapted A/CA/04/2009 virus was evaluated. ECy, values for each drug were determined by CA/0412009 | 0.3% | 142 | 041+ |0832| 03+ |003+| 68+ | 022 | 1852 (2332 | .| .| .o S 8 s m NY/18/2009 .S 4 %-w indicate a range of sensitivities to the neuraminidase inhibitors among.the H1N1 viruses tested. The
virus yield reduction assay in three replicate experiments. A broad range of drug sensitivities was ob- (Mouse Adapted) | 0.09 | 05 | 0.02 | 025 [ 0.09 | 1.1 42 | 06 | 07 | 32 = s R UT/475/2009 = i mean EC., values for Oseltamivir ranged from 0.2 to 1.2 uM for all viruses except the Oseltaml\.nr.-
served among the H1N1 viruses tested. However, significantly higher (P < 0.05) EC,, values for the 008+ | 0324 |0028¢| 0482 | 0082 | 04s | 302 | 412 | 012 | 1524 s \ AN UT/476/2009 = i resistant A/Hong Kong/2369/2009, which had an ECs, of > 10 uM. Mean ECs, values for Peramivir
neuraminidase inhibitors were only observed for the drug-resistant A/Hong Kong/2369/2009 virus. As CA/07/2009 012 | 0.08 | 0.04 | 025 | 0.004 | 0.1 09 | 045 | 1.3 16 | 100 | >100 1 >10 4 >10 o 6 s g § UT/727/2009 q=, 3 %‘““"" ranged from 0.004 to 0.12 pM for all viruses except A/Hong Kong/2369/2009, which had a mean ECg,
expected, all isolates showed resistance to the adamantanes. Dose-response curves also showed 0762 | 184 0062 0092 | 0012 232 | 512 55 2 § § s g -n-:-n-n-:- of >10 uM. The mean ECg, _values for Zanamivir ranged from 0.02 to 0.54 uM for all viruses except
that the mouse-adapted strain had consistently higher EC,, values compared to its non-adapted NY/18/2009 | .o | 53 | 9006 | s | 003 | 016 | 16 | o6 |14%28| 44 | >100 | >100 | >10 | >10 8 s .x \ 2 s Auckland/3/2009 8 %_Ws A/Hong Kong/2369/2009, which had a mean EC;, of 1.4 uM. The mean EC, values for T-705 had a
counterpart. We also evaluated the effects of antiviral drug combinations on drug-resistant influenza @ s N § _ g s HK/2369/2009 . . g-w; much smaller range, from 1.9 to 7.8 uM, for all viruses. Mean EC;, values for ribavirin ranged from
A/Hong Kong/2369/2009 virus. Drug combinations included T-705 plus one of the neuraminidase in- UT/475/2009 %%g 0(')‘_18; 0.024 0&3; 0&5; O(f’g; 1.9 1(';_371 12‘_571 2:;'_%1 >100 | >100 | >10 | >10 Z 4 s § = § § s > Z R R : 9.1 to 20.5 uM for all viruses. As expected, all pandemic H1N1 viruses tested showed resistance to
hibitors: oseltamivir, peramivir, or zanamivir. Synergism was observed involving three doses of T-705 § s \ Il NE % S O o the Adamantanes.
(1.0, 3.2, and 10.0 uM) for all three neuraminidase inhibitors. Oseltamivir and zanamivir were syner- UT/476/2009 | )| 1A 000 ) DL s [ 08| QS| S 01120521 10TE | 5100 | >100 | >10 | >10 T \ s Il NEE s 2 T i
gistic with T-705 at three concentrations (3.2, 10, and 32 pM for oseltamivir, or 0.1, 0.32, and 1.0 uM ' ' ' ' ' ' ' ' ' ' 2 9 s s = § H § w1 | -4 pEE ; Figure 1 shows results from statistical analysis (two-way ANOVA) of the mean EC., values for the
for zanamivir) and peramivir showed synergism with T-705 at two concentrations (0.32 and 1.0 uM). UT/727/2009 | 0-68% | 23+ |0.0134) 1.3+ 1 0.2+ 025+ 4.3+ | 55+ | 17.52 )1 2501 _00 | 400 | >10 | >10 oo s s s = g § g s 2 S i %_Wi antivirals tested. Significant increases (***P < 0.01 and **P < 0.05) in the EC;, values of the
These studies demonstrate that pandemic influenza A virus isolates from different regions remain 025 | 09 | 0004 | 23 | 005 | 007 | 29 | 41 | 07 | 56 oy s s s s Z § i1 s = f_m_f:f : g i g-w; neuraminidase inhibitors were only observed against the drug-resistant A/Hong Kong/2369/2009 virus,
sensitive in vitro to commonly used antiviral drugs, and that combination chemotherapy holds prom- Aucgi:ﬁlgnzoog 144 | 3.9% | 0.03%|013%|054%| 0732 | 782 | 93% [0 181 | 0| .10 | »10 AmE || , § % § § N ... B § {HE % § % S 0 i : == i || B ' and then only for Oseltamivir and Peramivir.
ise as a treatment strategy for drug-resistant influenza virus. [This work was supported by Contract Hemisphere) | C7% | 023 | 001 | 06 | 0451 018 | 1.9 | 18 |7 | 38 A T Oseltamivir Peramivir Zanamivir T-705
NO1-Al-30048 from the Virology Branch, DMID, NIAID, NIH] HK/2369/2009 sags | 145 | 214 08+ 1824 Oseltamivir Peramivir Zanamivir T-705 Figure 2 shows effects of mouse adaptation on the A/CA/04/2009 virus.The ECy, values for the mouse-
INTRODUCTION (%ﬁ:::::gr >10 | >10 | >10 | ', 19 14 78 | 45 |20x28 o | >100 | >100 | >10 | >10 adapted virus were higher for all drugs when compared to non-adapted virus.
: : : i : . . i : : : : . . : : : i : . . : : : : . Figures 3 through 6 show dose response curves for A/CA/07/2009 and drug-resistant A/Hong
New influenza virus strains, such as pandemic influenza A (H1N1) virus, require constant vigilance for . . . . - , , . . - , )
ativiral crug sensitivity and resistance. Those studies evaluated e lsolat6s of pandemic influenza Figure 3: Reduction in Virus Yield by Oseltamivir Figure 4: Reduction in Virus Yield by Peramivir Figure 5: Reduction in Virus Yield by Zanamivir Figure 6: Reduction in Virus Yield by T-705 Kong/2369/2009 virusesusing Oseltamivir, Peramivir, ZanamivirandT-705, respectively. The Oseltamivir
A virus against seven antiviral drugs: Oseltamivir, Peramivir, Zanamivir, Ribavirin, T-705 (Favipiravir), - 8 doge response curves show an increase in E_C90 from 0.32 to 14 pM (4_'3,'8_'fOId increase) for the drug
Amantadine and Rimantadine. The pandemic viruses tested include isolates from California, Utah, New ) -o- CA/07/2009 o CA/07/2009 o CAJO7/2009 -o- CA/07/2009 resistant vIrus compared t(,) drug sensitive VIrus. The EC9,0 for Peralmllwr mcreased_ from 0.48 to 4.5
: PR : — —_ - — h 4 1M (9.3-fold increase) against the drug resistant virus, while Zanamivir showed an increase from 0.4
York, New Zealand (Southern Hemisphere), and an Oseltamivir-resistant isolate from Hong Kong. In c ©- - Hong Kong/2369/. = - Hong Kong/23¢ I= - Hong Kona/23¢ £ ¢ ©- Hong Kong/23 to 2.11 uM (5.3-fold i T-705 showed ignificant diff in ECy, for the t |
addition, the effectiveness of antiviral drug combinations was evaluated. Combination chemotherapy < £ 6 = 6- 9 9 = ¥ 0 2.11 uM (5.3-fold increase). T-705 showed no significant difference in ECq, for the two viruses as
holds promise as a treatment strategy superior to that of monotherapy, especially for treatment of 9'" Q“’ Q‘" S T g"’ 6- would be expected.
drug-resistant virus infections. 8 8 8 8 Results of combination drug studies are presented in Figures 7 through 10 for A/CA/07/2009 and
M ATE RI ALS AND METHODS S 4- o o T = Figures 11 through 14 for Oseltamivir-resistant A/Hong Kong/2369/2009. Tables of VYR results are
8’ 8’ 4- g’ 4- ‘ 8’ 4- represented in the upper panel of each Figure. The shaded areas in each table indicate possible
Antiviral Compounds: Oseltamivircarboxylate was provided by Dr. Nguyen (Adamas Pharmaceuticals, _‘:j - ~ 1 1 ~ regions of synergy for the combinations based on definitions described in the Materials and Methods.
Emeryville, CA). Peramivir was provided by Dr. Babu (BioCryst Pharmaceuticals, Inc). Zanamivir ) % % % The lower panel of each Figure depicts 3-dimensional analyses of the VYR data using MacSynergyTM
was obtained from Haorui Pharma-Chem Inc. (Edison, New Jersey). T-705 was provided by Dr. > 2. - S- > ll. Both methods of analyses yielded similar results.
Furuta (Toyama Chemical Co.). Ribavirin was obtained from ICN Pharmaceuticals (Costa Mesa, CA). @ 9 2- 9 2- -+ @ 2-
Amantadine and rimantadine were purchased from Sigma (St. Louis, MO). The compounds were ; = = § Figure 7 and 11 show results for the Oseltamivir plus T-705 combination. A possible region of synergy
dissolved in cell culture medium for antiviral testing. > > ranging over four concentrations was observed for both Oseltamivir (0.01 to 0.32 uM) and T-705 (0.32
" 0 to 10.0 uM) against A/CA/07/2009; and three concentrations for both Oseltamivir (3.2 to 32 uM) and
Viruses: Eachvirus was passaged one time in Madin-Darby canine kidney (MDCK) cells and thenttitrated R, AP e A S 0 ——TTT—— e - 04 L R B B | B B R e > & L A L LA - T-705 (1.0 to 10 uM) against A/Hong Kong/2369/20009.
for antiviral experiments. 1) Influenza A/California/04/2009 (H1N1) virus was received from Dr. Daniel 0.001 0.01 0.1 1 10 100 0. 001 0.01 0.1 1 10 0. 001 0.01 0.1 1 10 0.1 1 10 100
Perez, Department of Veterinary Medicine, University of Maryland, College Park, MD. 2) Influenza A/ Oseltamivir Carboxylate (uM) Peramivir (uM) Zanamivir (uM) Figures 8 and 12 show results for the Peramivir plus T-705 combination. This combination of drugs
California/04/2009 (H1N1) was received from Dr. Elena Govorkova, Department of Infectious Diseases, T-705 (uM) produced a possible region of synergy ranging over six concentrations for Peramivir (0.0032 to 1.0 uM)
St. Jude Children’s Research Hospital, Memphis TN. 3) Influenza A/California/07/2009 (H1N1) virus and four concentrations for T-705 (0.32 to 10.0 uM) against A/CA/07/2009; and only two concentrations
was provided by the Centers for Disease Control and Prevention (Atlanta, GA). 4) Influenza A/New , o , : : . : : , . : , o o , for Peramivir (0.32 to 1.0 uM) and three concentrations for T-705 (1.0 to 10 uM) against A/Hon
V815000 (|_3|/1 N1) virus was provided by the Centers for Diseas(e Control an)d pr)evention (Atlanta, Figure 7: Effect of Oseltamivir and T-705 on CA/07/2009 Virus Figure 8: Effect of Peramivir and T-705 on CA/07/2009 Virus Figure 9: Effect of Zanamivir and T-705 on CA/07/2009 Virus Figure 10: Effect of Oseltamivir and Zanamivir on CA/07/2009 Virus Kong/2369/20(()9_ KM ( KM &g ’
GA). 5) Influenza A/Utah/475/2009 (H1N1) virus, 6) Influenza A/Utah/476/2009 (H1N1) virus, and 7) o _ _ » Virus Titer (logys CCIDs,/0.1 ml) o Virus Titer (log;g CCIDsy/0.1 ml) o
Influenza A/Utah/727/2009 (H1N1) virus were isolated from pediatric patients at the University of Utah Sl Kl T'ter:f;[?;“ﬁ;;nﬂ’m e i T-705 (M) e T-705 (uM) g b T'::;“fﬁ;:::ﬂ;’;“m L Figures 9 and 13 show results for Zanamivir plus T-705. A possible region of synergy ranging over
Medical Center, Salt lake City, UT. 8) Influenza A/Hong Kong/2369/2009 (Oseltamivir-resistant H1IN1) (HM) 32 10 3.2 i 0.32 0.1 0 5 .;;.3% ﬂ";‘ g-g ﬂ"ﬂ 1 3 — 3“:'2 T ) 5 22 10 3'52 1 0.32 0.1 0 (HM) 5 T 3 S8 0.0033 s six concentrations was observed for Zanamivir (0.0032 to 1.0 uM) and three concentrations for T-705
virus was provided by the Centers for Disease Control and Prevention (Atlanta, GA). 9) Influenza A/ 1.0 0 0 0 0 0 0 0 byt 4 A s BN o Sh (G.5% 1hisa il s e R e s et 1.0 0 12220 10217 12220 12221 15:26 1422 (0.32 to 3.2 uM) against A/CA/07/2009; and three concentrations for Zanamivir (1.0 to 32 uM) and T-
Auckland/3/2009 (H1N1) provided by Dr. Angela Luttick, Biota Holdings Limited (Australia). 332 g g 1 EE . ;;f 1'15 g‘s fgj gg * E: j";‘, - g'g 0.1 0.0 00 06+10 04x07 23:11 33231 35220 0.1 5 00 KTl i wemmen c0. 14 AB410 a4 B (££08 HEd00: DIEQS %8208 tEwps 4049 705 (1.0 to 10 uM) against A/Hong Kong/2369/2009.
: 2:13 36408 5106 5403 56<0. 0.032 0.0 00 =~ 03204 15213 31210 43+18 43:07 0.032 0 0304 04:07 38x13 43=07 53:14 53:09 0.032 31227 46203 48206 50204 50204 52205 5406
Cell culture antiviral studies. Antiviral activity of each drug or drug combination was determined in g:g?z g g i b ftg i:g * g:g g; ;g:g E:; - E:i" g:g : g:; 2.31“32 gg 0. 3ﬂ+DD 4 ?gx 16 2206 3300 47:11 4704 0.01 0 03:04 172041 40:07 45209 52:09 5305 0.01 23220 41212 46208 47:09 51210 52:06 52206 Figures 10 and 14 show results for Oseltamivir plus Zanamivir. The combination of these drugs produced
. . . . . : - +15 25£11 41206 51213 56:09 0.0032 0 07+06 19+07 38+08 49+07 53«05 58=05 0.0032 25222 41+07 43:05 47:09 51:13 51205 55:04 . : . : : .
MDCK cells. The assays were completed in 96-well microplates infected with approximately 50 cell 3-“"32 g Sf : ? § ; 4 ; g ‘;g . g-; gg . gg E-; ; E-g g-g : g-? 0 00 12213 26210 52+10 53206 57205 58+06 o 6 Omsps O L Th nal b RuipE Ealpy ] 83208 474085 47508 E1504 ED.DF B4s03 ET202 a possible region of synergy ranging over six concentrations (0.0032 to 1.0 uM) for Oseltamivir, but
culture infectious doses (CCIDSO) of virus. Microplates were V|Sua||y examined after 3 d of infection sl s el s N T Vel wehlhoief e TN Peramivir ECqg = 0.009 pM Zanamivir ECag= 0.067 M ' e | OnIy when combined with 1.0 uM Zanamivir against A/CA/07/20009. Only the hlgheSt concentrations
and then treated for 2 h with neutral red (0.011%) to quantify the virus-induced cytopathic effects Oseltamivir carboxylate ECgo = 0.17 uM ~ T-705 ECeg = 1.2 uM 3 R —?;151 Im : = T Oseltamivir carboxylate ECgo= 0.12 pM _ of both.d.rugs §howed a possible region of synergy: 10 or 32 uM Oseltamivir combined with 3.2 uM
(CPE). Excess dye was rinsed from cells with PBS. The absorbed dye was eluted from the cells by T-705 ECqp = 1.0 pM ; | ) =y L Zanarmii ECsg= 0.4 4k : Zanamivir against A/Hong Kong/2369/2009.
addition of 0.1 ml 50% Sorensen’s citrate buffer/50% ethanol added to each well. Optical density (OD) . Range of Synergy by VYR analyses: 3 Range of Synergy by VYR analyses: g = = : |
measurements were completed on the microtiter plates at 560 nm. OD readings were converted to Range of Synergy by VYR analyses: LAY Peramivir (0.0032 to 1.0 uM) and % ? | Zanamivir (0.0032 to 1.0 uM) and e =1 , | Range of Synergy by VYR analyses: s
percent of uninfected control using an Excel spread sheet. Fifty percent virus-inhibitory concentrations Oseltamivir (0.01 to 0.32 pM) and ’-‘é s T-705 (0.32 to 10 uM) g T-705 (0.32 t;:} 39 pM}' H }:i sl | Oseltamivir (0.0032 to 1.0 uM) and P, CONCLUSIONS
(ECg, values) were determined by plotting CPE versus log,, of inhibitor concentration. T-705 (0.32 to 10 uM) i e ' ' ' @ Zanamivir (1.0 uM) :

: : : - : - - - Synergy Plot: : ® S0y F’In_t: : “E, . Synergy Plot: g " _ "; " - A | o Efficacy of antivirals determined by Neutral Red dye uptake and virus yield reduction in MDCK
Virus yield reduction (VYR) assays were performed in 96-well microplates infected with approximately gy FIok : o Synergy = 35.13 R T . 2 G Synergy = 32.9 s Y= Synergy Plot: : | 1 r ﬂ:- > cells indicate a range of sensitivity to the neuraminidase inhibitors for the H1N1 viruses tested.
50 CCIDg, of virus by quantifying virus yield. Virus yields were determined from samples collected SWEFQF =28.6 ~ " s (95% Confidence Interval = 55 - 16) = s T el > | (95% Confidence Interval = 59 - 6) g oy — ] Synergy = 12.78 R B ‘f‘ﬁ- ' | - However, significantly higher EC, values for the neuraminidase inhibitors were only
on day 3 of the infections when untreated control microwells exhibited 100% CPE. To quantify the (95% E::fnﬂdlinc:e Interval = 44 - 13) . Antagonism = -1.01 al > Antagonism = -0.62 I — T (95% Confidence Interval = 24 - 1) o e SN observed against the Oseltamivir-resistant A/Hong Kong/2369/2009 virus.
amount of virus produced in the wells, microplate samples (pooled from replicate wells) were titrated Antigunlsm =-1.97 ) & (95% Confidence Interval = not signif.) "ow b (95% Confidence Interval = not signif.) Wy, WH’F“_ Antagonism = -1.93 ' o P . In addition, significantly higher EC., values against the A/Hong Kong/2369/2009 virus
in new 96-well plates of MDCK cells by 10-fold serial dilution. Four wells were used per dilution. The (95% Confidence Interval = 0 - -4) Y ol o rrosw 002 0 eo02 ﬁ“ N (95% Confidence Interval = not signif.) S L G were only observed for Oseltamivir and Peramivir (not Zanamivir).
samples were centrifuged for 10 min at 4000 rpm to pellet cell debris. Plates were visually examined ” e
for appearance of virus-induced CPE. Wells were indicated as plus or minus virus, and virus titers o Dose response curves indicate the largest increase in EC,, for Oseltamivir against the A/Hong
calculated by endpoint dilution method (1, 2). Kong/2369/2009 virus compared to the A/CA/07/2009 virus. The EC,, for Zanamivir increased

. gy & . the least.
Drug combination effects were determined by two methods. One method identified possible regions of Figure 11: Effect of Oseltamivir and T-705 on HK/2639/2009 Virus Figure 12: Effect of Peramivir and T-705 on HK/2639/2009 Virus Figure 13: Effect of Zanamivir and T-705 on HK/2639/2009 Virus Figure 14: Effect of Oseltamivir and Zanamivir on HK/2639/2009 Virus
synergy in the VYR data based upon the following definitions: synergy defined as a one log (or greater) - - o S— o Synergistic drug combinations involving multiple doses of each drug were observed when T-705
decrease in virus titer when compared to both individual drugs alone; an additive effect defined as a Oseltamivir Virus Titer (log,, CCID5,/0.1 mi) PﬂfﬂEi"if i T'“Z‘_‘?ﬁ;“hﬁ;nﬁﬂj ) Zanamivir i T't”;'::; EE'D“’”}"' ) Ejﬂi";;;’;; virus T'::E;:ﬂi‘;fm"' ™ w)ells Cgmbined 8vith 2 neuraminidase inghibitorl:DOseltamivir, Peramiv?r, or Zanamivir.
consistent decrease in virus titer demonstrated in replicate tests; antagonism defined as a one log (or UHFI;E;{IME ™ 33 m 33 T'Tﬂf (HM) 333 X 3033 5 i 100 32 10 3.2 1 0.32 0.1 0.032 0 (M) o 5 5 ¥ - 3 (M) 33 o3 o = (LM 3.2 1.0 0.32 0.1 0.032 0.01 0 « The greatest number of drug concentrations showing synergy was observed for the
greater) increase in virus titer; an inhibitory effect defined as a consistent increase in virus titer; and 32 0 0 0 00:16 12-20 18232 21:36 15:26 1830 o 0 - e R o4 oh 4 0E 4d 08 424D 32 0 0 0 0 0 0 0 0 0 32 0 15226 13222 12220 12220 152206 15226 Peramivir plus T-705 combination.
indifferent defined as no clear synergy or antagonism. In addition, three replicates are considered a b 0 0 EEDEEE R 14210 48210 49212 48203 0.32 0 0 0 25402 42204 49:05 48 +0 50:04 51204 ok - ; T T toci: Gaio: selad i N Gits Hathe Ghiet taith BeitE i
minimum number of VYR tests required to determine synergy, additive, antagonistic, or indifferent 1.0 0 5 11210 BETT0 I H EbaaD Bssto Beifo Eh-04 ool . BoSg T Sa T Torte oot mpods JUASE 0.1 0 0 09:16 29205 380 49:05 51203 5503 502005 1.0 14225 47:09 40204 49:03 53201 53:05 54=01 o Effects of drug combinations on oseltamivir-resistant influenza A/Hong Kong/2369/2009 virus
effects. A second method determined the effects of drug combinations by the three-dimensional 0.32 0 0 13222 37210 44:09 57205 58:06 61:03 54203 0.01 0 3  ABan5 AELDS AHL04 EEL06 BAsDE EBaDd: B0LDH 0.032 0 0 11«19 33:04 43:0 53205 57201 59+03 51208 M idacs AleO8 Raaba el atais 242080 S6els showed:
analysis (MacSynergy™ II) of Prichard and Shipman (3). i3 9 7 Lisl9 Boaol 008 BRel DAxBR BHall GbaR 0 0 0 1221 36209 48204 54204 58:07 57=01 60:03 ﬂ? E E 12 : §E el Ei ;‘E‘i EE 2? " 32 ;fffg EE : 3.} §§ ; 32 & 1 ; Eg :i E?r j; Eg 25’ ) E‘E 23 E :; . 33 :: ) 33 - Synergistic combinations involving three doses of T-705 (1.0, 3.2, and 10.0 uM) for all
0 0 0 1.1+20 3909 48+04 57+04 56+04 58+03 57=+03 Peramivir ECog = 0.35 1M — iV A o bl e R R A R R T D L 0 il I et O o M I il three neuraminidase inhibitors ’ ’
Statistical analysis: Mean EC, values for the antiviral drugs tested against the nine pandemic (H1N1) Oseltamivir carboxylate ECoo = 11.0 UM _— Ei::gu:gS_Eﬁ Y - ia?";:;g Ef’:‘; ﬂjz HA | = Oseltamivr carboxylate ECao= 17.0 M | | . Only Oseltamivir and Zanamivir showed synergy at three concentrations (3.2, 10, and 32
viruses were analyzed by one-way (within group) or two-way (between groups) ANOVA followed by 1-705 ECgo = 1.2 4M : 1 g - o= ek ‘ ' LAY Lo = o 1 - uM for Oseltamivir, or 0.1, 0.32, and 1.0 uM for Zanamivir) when combined with T-705.
Bonferroni’s multiple comparison tests using Prism 5.0b (GraphPad Software Inc.). Range of Synergy by VYR analyses: 5 il Range of Synergy by VYR analyses: z Range of Synergy by VYR analyses: E s ~ | Ran _ 2 | » Peramivir showed synergy at two concentrations (0.32 and 1.0 pM) in combination with
> ! g g | ge of Synergy by VYR analyses: §
Oseltamivir (3.2 to 32 uM) and 3 Peramivir (3.2 to 10 uM) and : Zanamivir (1.0 to 32 pM) and | | Oseltamivir (10 to 32 M) and i IEA02: | . y
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