Neuraminidase sequence analysis and susceptibility to
peramivir of influenza viruses isolated from clinical trials

Ryu Yoshida', Shigeru Kohno?, Hiroshi Kida3, Norio Sugaya*

1) Medicinal Research Laboratories, SHIONOGI & CO., LTD., Osaka, Japan, 2) 2nd Department of Internal Medicine, Nagasaki
University School of Medicine, Nagasaki, Japan, 3) Department of Disease Control, Graduate School of Veterinary,
Medicine, Hokkaido University, Sapporo, Japan, 4) Department of Pediatrics, Keiyu Hospital, Yokohama, Japan

Abstract

Background:

Peramivir (Rapiacta®) is an influenza neuraminidase (NA) inhibitor approved for sale in
January 2010 in Japan. In this study, we investigated the change in inhibitory effect on NA
activity before and after treatment with peramivir and how the change in the inhibitory
effect correlated with the clinical efficacy.

Methods:

Against clinical isolates from four peramivir clinical studies in adult and pediatric patients
during 2007-2010 Japanese influenza epidemic, the inhibitory effect of peramivir was
measured by NA inhibition assay. Measurement of Inhibitory effect of other NA inhibitors
and sequence analysis of NA gene were performed when the isolates showed reduced
susceptibility (>3 fold) to peramivir. Deduced amino acid was compared with that from
sensitive isolates and mutations responsible for reduced susceptibility were predicted.
Results:

Out of 1074 patients treated with peramivir, post-treatment influenza viruses with reduced
susceptibility to peramivir were found in 13 patients (1.2% , 13/1074): 2.6% (5/196, adults)
for 2007-2008, 0.1% (1/763, adult) for 2008-2009 and 6.1% (7/115, children) for
2009-2010. Almost all these viruses carried A/H1N1 with H275Y mutation in NA and

Figure 1. Time to alleviation of symptoms (A) and resolution of fever (B) in
clinical studies of peramivir (three studies combined)
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Table 2. Time to alleviation of symptoms and resolution of

fever (individual studies*)

exhibited 10~50-fold reduction in susceptibility to peramivir compared to the isolates at Zzgszt:;’ Peg'::z;:t:;dy
baseline. The double mutation of V941 and R152K in 2009 A/H1N1 viruses was also

X : oo . K X R L non-decreased decreased non-decreased decreased
detected in an isolate from a pediatric patient, causing a 10-fold reduction in susceptibility (n=191) (n=5) (n=108) (n=7)
to peramivir compared to the isolate at baseline. In the 13 patients, the median time to Median (hrs) 59.6 54.4 28.1 20.4
alleviation of symptoms was 45.0 hours (95% CI: 20.4-70.9) compared to 68.5 hours (95% 95%
Cl: 64.5-75.7) in the remaining 1061 patients with no viruses that showed reduction in SYmPIOMS - confidence interval 54,5668 2991741 220918 17.0:70.9
susceptibility to peramivir. P-value 0.8279 02589
Conclusions: Median (hrs) 32.4 29.5 20.5 20.1
In 1074 patients treated with peramivir, low NA susceptibility to peramivir with amino acid Fever S sence interval 19.5-94.8 27.3-315 18.9-20.9 16.5-21.2
mutation was detected in 13 patients after treatment. However, clinical worsening was not p-value 0.2743 0.5605

observed in any of these patients. *PhII data was not shown because the mutated virus (H275Y) was not clear whether it existed before treatment.

® Clinical efficacy of peramivir was not significantly different between patients in whom
susceptibility to peramivir was decreased and not-decreased in response to treatment.

Introduction

For influenza virus infection, to examine whether resistant virus emerges in the course of
treatment of NA inhibitor is important to provide appropriate therapeutic strategies.
Sometimes isolated viruses for the patients have mutated NA with lower susceptibility to the

Figure 2. Change in influenza virus titer (individual studies)
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1074 patients with influenza virus infection were treated peramivir in four clinical studies of
peramivir conducted in Japan (Adult Phase I 196 patients in 2007-08*!, Adult Phasell
single dosing 726 patients in 2008-09*2, Adult PhaseIl high-risk 37 patients in 2008-09*3,
Children Phase I 115 patients in 2009-10*4).

Collection of samples:

A nasal swab from one nostril and a single throat swab were collected at days 1 (baseline)
and at subsequent time points. These samples were divided for typing and gene sequencing

® Even though susceptibility to peramivir was decreased after treatment, viral titer decreased
to undetectable level (dotted line) around 7 days in Ph1I and 5 days in pediatric study.

Table 3. H275Y and additional 2 amino acid mutations associated
with viral fitness*5

using PCR, virus titration and NA enzyme inhibitory assay. A
erus titration: . . . . . Study Season subtype isolation point ratio Naedion
Titers were determined by the 50% Tissue Culture Infectious Dose (TCIDsp) in Madin-Darby R222Q [v234Mm| H275Y
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NA enzyme inhibition assay (NIA): 6/65 (9.2%) Q M H
Virus, peramivir and substrate (2’-(4-Methylumbelliferyl)-a-D-N-acethylneuraminic acid (MUNANA)) Before dosing 1/65 (1.5%) Q M Y
were mixed. After 30 min reaction, the fluorometoric intensity of 4-methylumbelliferon released HANA 58/65 (89%) N.T. | NT. | N.T.
from MUNANA was measured. The 50% inhibitory concentration (ICs,) was calculated by plotting Pl 2007-2008 (n=65) 1165 (1.5%) Q M H
the percent inhibition of NA activity versus peramivir concentration. )
NA gene sequencing: After dosing 7/65 (11%) Q M Y
cDNA was generated from viral RNA. The DNA fragment of whole or a portion of the NA 57/65 (88%) NT. | NT. | N.T.
region was amplified from the cDNA with TaKaRa Ex Taq and PCR primers. The PCR ) 1/321 (0.3%) Q M H
products were purified, sequenced with a BigDye Terminator v3.1 Cycle Sequencing kit i ITQ_](Ijlose) 20082009 ( :l—13’\;1 ) Before dosing 5201321 (60.6%) a y v
according to the manufacturer’s instructions (Applied Biosystems), and analyzed on a DNA 9 h After dosin 321/321 (100%) | N.T. | N.-T. | N.T
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acid mutation of influenza viruses isolated from patients N.T. : Not tested

ICsp in NIA @ |t was reported H275Y attenuates seasonal HIN1 unless there are permissive secondary mutations
(nM) Fold (R222Q and V234M)*°. These mutations were detected in our study from 2007 to 2009*5
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Conclusions
080-1 | Female | 38 AH1 0.966 145 15 H275Y
086-5 | Female | 39 AH1 172 315 18 H275Y ® In 1074 patients treated with peramivir, isolates with reduced susceptibility
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® No isolates from PhII high-risk study patients showed 3-fold reduction in ICs
before and after peramivir’s treatment.

® Almost all viruses with reduced NA susceptibility (15~55-fold reduction in ICsq)
carried the H275Y mutation in NA/H1N1.



