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a b s t r a c t

In the beginning of 2007–2008 Northern Hemisphere influenza season, the frequency of influenza
A(H1N1) viruses bearing a previously defined oseltamivir resistance conferring amino acid change of His-
tidine to Tyrosine at position 274 (H274Y) of the neuraminidase (NA) increased dramatically. In order to
rapidly detect such resistant viruses, an RT-PCR/restriction fragment length polymorphism (RT-PCR/RFLP)
assay targeting amino acid 274 of the N1 NA molecule was developed to investigate the presence or
absence of the H274Y mutation. The reverse primer was engineered to produce a BspHI site in the
nfluenza A(H1N1) virus
274Y
T-PCR/RFLP

amplicon for oseltamivir-sensitive viruses with Histidine at position 274 (274H). A total of 50 influenza
A(H1N1) specimens including 30 oseltamivir-sensitive and 20 oseltamivir-resistant ones submitted to the
Centers for Disease Control and Prevention (CDC) during the 2007–2008 influenza season were success-
fully characterized by this assay. The assay was specific for grown A(H1N1) viruses and original clinical
specimens, with a lower limit of detection of approximately 10 RNA transcript copies per reaction. Our

es a
nt in
RT-PCR/RFLP assay provid
H274Y oseltamivir-resista

. Introduction

Influenza viruses cause significant morbidity and mortality
round the world. Each year, seasonal influenza infects 5–20%
f the population, causing 250,000–500,000 deaths worldwide
Goodman et al., 2006). Although vaccination is the primary strat-
gy for preventing influenza infections, antiviral agents against
nfluenza viruses are effective for the prophylaxis and treatment
f influenza. M2 ion-channel blockers (adamantane derivatives)
nd neuraminidase (NA) inhibitors are two main classes of antivi-
als which interfere with influenza virus infection. Both of these
nhibitors are licensed in the United States and many other coun-
ries. Adamantane derivatives – amantadine and rimantadine – are
ot currently recommended in the U.S. due to the high proportion
f resistance in circulating influenza A(H3N2) and A(H1N1) viruses
Bright et al., 2005, 2006).
Currently the U.S. Food and Drug Administration has approved
wo NA inhibitors, oseltamivir (Tamiflu) and zanamivir (Relenza),
or treatment and prophylaxis of influenza. Oseltamivir is currently
he most frequently prescribed drug for controlling influenza in the
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simple, rapid and sensitive tool to monitor the emergence and spread of
fluenza A(H1N1) viruses.

Published by Elsevier B.V.

U.S. and some other countries (Fazio et al., 2008; Schunemann et
al., 2007). This class of drugs acts by inhibiting the activity of neu-
raminidase, preventing the virus particle’s release from infected
cells (Moscona, 2005).

The H274Y mutation has been previously established as a genetic
marker of resistance to oseltamivir among patients when infected
with either influenza A(H1N1) or A(H5N1) viruses (Gubareva, 2004;
Ward et al., 2005; Weinstock et al., 2003; WHO, 2006, 2008). In pre-
vious surveillance studies, the frequency of oseltamivir-resistant
viruses with the H274Y mutation was low (0.33%) worldwide
(Monto et al., 2006). At the beginning of 2007–2008 influenza
season, however, an increased frequency of influenza A(H1N1)
viruses with the H274Y oseltamivir resistance marker was detected
in several countries in Europe and North America (ECDC, 2008;
Lackenby et al., 2008; Nicoll et al., 2008; Sheu et al., 2008; WHO,
2008). The rise in oseltamivir-resistant influenza A(H1N1) viruses
appears to be due to the spontaneous emergence and transmis-
sion of viruses with the H274Y mutation rather than selection as a
result of increased oseltamivir use (ECDC, 2008). However, in the
case of H5N1, resistance was only detected in the patients after

drug treatment (De Jong et al., 2005). The emergence and extensive
spread of oseltamivir-resistant influenza A(H1N1) viruses empha-
sizes the need for global forceful monitoring of drug resistance in
influenza viruses. In recent years, several assays have been devel-
oped for the detection of NA inhibitors resistant mutants. Some of

http://www.sciencedirect.com/science/journal/01663542
http://www.elsevier.com/locate/antiviral
mailto:xxx1@cdc.gov
dx.doi.org/10.1016/j.antiviral.2009.01.004


30 L. Guo et al. / Antiviral Research 82 (2009) 29–33

F d BspH
s surro
w

t
s

d
i
H
t
s

2

2

a
i
w
i
a
i
(
p
(

2

c
r
N
t
i
a
i

(
3
T
t
r
u
f
t
T
T
c
a
1

T

ig. 1. Schematic drawing of the 183 bp RT-PCR amplification region and engineere
equences are shown as black horizontal arrow. A to C change in the reverse primer,
ith 274H. The upside down triangle denotes the BspHI restriction site.

hese assays are based on functional activity while others rely on
equence analysis of the NA gene.

In this study, we developed an RT-PCR/RFLP assay for the rapid
ifferentiation of oseltamivir-sensitive and oseltamivir-resistant

nfluenza A(H1N1) viruses based on the presence or absence of the
274Y change in the NA. We evaluated this assay with a collec-

ion of oseltamivir-resistant and -sensitive virus isolates and clinical
pecimens collected during the 2007–2008 U.S. influenza season.

. Materials and methods

.1. Viruses and RNA extraction

A total of 50 influenza A(H1N1) virus samples (39 virus isolates
nd 11 clinical specimens) submitted to the CDC during 2007–2008
nfluenza season by U.S. clinical and public health laboratories

ere used in this study. Other seasonal influenza viruses includ-
ng influenza A(H3N2) and influenza B were used as controls for
ssay specificity. Viral RNA was extracted from 100 �l of each virus
solate or clinical specimen using MagNaPure LC extraction system
Roche Diagnostics, Indianapolis, IN) following the manufacturer’s
rotocol. All mutations in NA are given in N2 subtype numbering
Colman, 1989).

.2. Assay design and RT-PCR amplification

To design the forward and reverse primers adjacent to the
odon for amino acid 274, full length NA sequences of oseltamivir-
esistant and -sensitive influenza A(H1N1) viruses obtained from
CBI Influenza Virus Resource and Los Alamos National Labora-

ory Influenza Sequence Database (LANL) from over 600 human
nfluenza A(H1N1) viruses collected between 2007 and 2008 were
ligned. The conserved region finder program ConFind was used to
dentify and design the primer for RT-PCR (Smagala et al., 2005).

The following primers were used for RT-PCR amplification
Fig. 1): forward primer F-676: 5′-ACACAAGAGTCTGAATG TGTCTGT-
′; reverse primer R-858: 5′-GCCAGTGTCTGGGTAACARGARCATTCC
CATCAT-3′. The introduction of underlined “C” in the R-858 primer
o replace “A” at nucleotide 826 of the NA gene creates a BspHI
estriction site next to the 274H codon. The RT-PCR was carried out
sing the SuperScriptTMIII one-step kit (Invitrogen, Carlsbad, CA)
ollowing the manufacturer’s protocol. The reaction mixtures con-
ained 0.2 �M of each primer and 5 �l RNA (final volume 50 �l).

he amplification was performed on a DNA Engine Tetrad 2 Peltier
hermal Cycler (Bio-Rad, Hercules, CA) with the following thermo-
ycling conditions: 30 min at 50 ◦C for reverse transcription, 2 min
t 94 ◦C, followed by 40 cycles of 15 s at 94 ◦C, 30 s at 55 ◦C and
min at 68 ◦C, with a final extension of 68 ◦C for 10 min. A 183 bp
I restriction site in the NA gene of influenza A(H1N1) viruses. Primer locations and
unded by a box, creates a BspHI restriction enzyme recognition sequence in viruses

product encompassing nucleotides 676–858 of the N1 NA gene was
amplified.

2.3. RFLP analysis

For the RFLP analysis, 6 �l of each PCR amplicon was digested
with 10 U BspHI (NEB, Ipswich, MA) by incubating at 37 ◦C for 1 h
in a 20 �l reaction containing 1× reaction buffer 4 (NEB, Ipswich,
MA). The amplicons and restriction fragments were analyzed by
2% agarose (GeneChoice, Frederick, MD) gel electrophoresis with
GelRedTM staining (Biolium, Hayward, CA) and visualized by UV
illumination.

2.4. NA inhibition assay and sequencing analysis

Confirmatory chemiluminescent NA inhibition assay and
sequencing analysis were performed as previously described (Sheu
et al., 2008).

2.5. Assay sensitivity

To evaluate the sensitivity of the RT-PCR assay, RNA transcripts
were prepared from influenza A(H1N1) viruses using primers
with the same sequence as the RT-PCR primers but with the
addition of 5′-end T7 promoter sequence (underlined) in the
forward primer to serve as template for RNA polymerase: F-676-
7: 5′-TAATACGACTCACTATAGGGACACAAGAGTCTGAATGTGTCTGT-

3′. RNA transcripts were synthesized and purified using Megashort-
script and MegaClear kits (Ambion, Inc., Austin, TX). The purified
RNA transcripts were quantified using the NanoDrop ND-1000
spectrophotometer (NanoDrop Technologies, Wilmington, DE). Fol-
lowing a 10-fold serial dilutions in 10 mM Tris–EDTA buffer, the
transcripts were amplified using the primers described above for
RT-PCR/RFLP and PCR products were analyzed by 2% agarose (Gene-
Choice, Frederick, MD) gel electrophoresis.

3. Results

A total of 39 MDCK cell cultured virus isolates were tested
for the presence of the oseltamivir resistance conferring mutation
H274Y. The gel electrophoresis of RT-PCR amplicons before and after
digestion with BspHI are shown in Fig. 2. A 183 bp DNA fragment

was amplified using the RT-PCR primer set. Strains without H274Y
mutation were cleaved by BspHI, yielding two smaller segments
147 bp and 36 bp, respectively. The 36 bp fragment was too small
to be clearly visualized on the gel. In contrast, oseltamivir-resistant
strains were not cleaved by BspHI due to the mutation H274Y (CAT



L. Guo et al. / Antiviral Research 82 (2009) 29–33 31

F 274 in
c uenz
t otes t
w arked

t
t

A
a
i
H
B
d

T
S

N

S
R

ig. 2. Identification of influenza A(H1N1) viruses carrying the mutation at codon
linical specimens (numbers 40–50) were analyzed by the RT-PCR/RFLP assay. Infl
emplate control. “−” denotes the RT-PCR amplicon in the absence of BspHI; “+” den
ere 147 bp and 36 bp (36 bp band is not visible). Samples with H274Y change are m

o TAT). Of the 39 viruses tested, 24 were cleaved by BspHI and
herefore classified as strains without H274Y mutation.

We also analyzed 11 clinical specimens (samples 40–50, Fig. 2).
ll were successfully amplified and analyzed by the RT-PCR/RFLP
ssay. Five of the 11 specimens were not digested by BspHI, indicat-

ng the presence of the oseltamivir resistance conferring mutation
274Y. As anticipated, RNAs from influenza A(H3N2) and influenza
were not amplified by the RT-PCR assay with the set of primers

esigned for the A(H1N1) viruses (Fig. 2).

able 1
ummary of RT-PCR/RFLP results and sequence analysis for the H274Y mutation.

AI phenotypea/sequencing analysis RT-PCR/RFLP

Cleaved by B

ensitive/274H 30 (24 isolat
esistant/274Y 0

a NAI phenotype was determined using a chemiluminescent NA inhibition assay.
the NA gene by RT-PCR/RFLP analysis. Cultured virus isolates (numbers 1–39) and
a A(H3N2) and influenza B viruses were included as specificity controls. NTC: no
he restriction fragments after BspHI digestion. Two fragments after BspHI digestion

by *.

The results of RT-PCR/RFLP assay were confirmed by NA inhibi-
tion assay for cell cultured virus isolates and by sequencing analysis
of the NA gene for all tested samples with a 100% correlation
(Table 1).

To further evaluate the sensitivity of the primers used in the RT-

PCR assay, 10-fold serial dilutions of in vitro transcribed A(H1N1)
RNA were tested. As shown in Fig. 3, as few as 10 copies of
the in vitro transcribed RNA per reaction could be detected by
RT-PCR.

analysis (# of specimens)

spHI Not cleaved by BspHI

es + 6 originals) 0
20 (15 isolates + 5 originals)
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ig. 3. 10-Fold serial dilutions of in vitro transcribed A(H1N1) RNA (see Section 2)
anging from 104 to 10−1 copy number per reaction were amplified by RT-PCR.

. Discussion

The NA inhibition assay is currently the primary method used
o screen for resistance to NA inhibitors (Gubareva et al., 2001,
002; McKimm-Breschkin et al., 2003; Mungall et al., 2003, 2004;
onto et al., 2006; Wetherall et al., 2003; Zambon and Hayden,

001). Following the NA inhibition assay, sequencing analysis is
equired to identify the genetic markers responsible for reduced
usceptibility to NA inhibitors. Recently, pyrosequencing and real-
ime RT-PCR have become high throughput methods to screen
nfluenza A viruses for known antiviral resistance markers (Bright
t al., 2005; Deyde et al., 2007, 2008; Duwe and Schweiger, 2008;
hutinimitkula et al., 2007). These methods require well-trained
ersonnel as well as specialized and expensive equipment, which
ay not be available in all laboratories. RT-PCR/RFLP analysis using

nexpensive and commercially available endonucleases can be an
lternative tool for those laboratories to monitor the emergence and
pread of drug resistant viruses with established genetic markers,
uch as A(H1N1) H274Y oseltamivir-resistant viruses.

Our data have shown that the RT-PCR/RFLP assay developed
n this study is a simple, specific, rapid, and accurate in detect-
ng H274Y oseltamivir-resistant mutants among influenza A(H1N1)
iruses. Resistant and sensitive viruses were correctly identified in
ll 50 influenza A(H1N1) virus samples examined, including 11 clin-
cal specimens. Of note, the assay was sensitive enough to detect as
ew as 10 copies of transcribed RNA per reaction, demonstrating its
tility for the screening of H274Y mutants from the RNA of clinical
pecimens thus reducing time needed to complete drug resistance
nalysis.

The RT-PCR/RFLP assay has certain limitations. It was developed
pecifically to detect the change in codon 274 in the NA of the human
1N1 subtype. Although, the H274Y mutation is the most common
utation thus far conferring oseltamivir resistance in the viruses of

his subtype, other changes in the drug-targeting NA gene can also
lter the drug susceptibility. Therefore, new RT-PCR/RFLP strate-
ies will be necessary to detect other known or novel mutations
onferring resistance to oseltamivir and/or zanamivir.

The surveillance of antiviral resistance is critical for making
ptimal drug treatment recommendations. The RT-PCR/RFLP assay
escribed here presents a valuable and relatively inexpensive tool
or the rapid identification of H274Y oseltamivir-resistant mutants
n cultured viruses as well as in respiratory clinical material.

cknowledgments

We would like to thank our collaborators from the national and
tate public health laboratories, and the World Health Organiza-

ion Global Influenza Surveillance Network for submitting clinical
pecimens and isolates for analysis. We also acknowledge other
embers of the Influenza Division for their contributions to this

roject.
rch 82 (2009) 29–33

Disclaimer: The findings and conclusions of this report are those
of the authors and do not necessarily represent the views of the
Centers for Disease Control and Prevention.

References

Bright, R.A., Medina, M.J., Xu, X., Perez-Oronoz, G., Wallis, T.R., Davis, X.M., Povinelli,
L., Cox, N.J., Klimov, A.I., 2005. Incidence of adamantine resistance among
influenza A(H3N2) viruses isolated worldwide from 1994 to 2005: a cause for
concern. Lancet 366, 1175–1181.

Bright, R.A., Shay, D.K., Shu, B., Cox, N.J., Klimov, A.I., 2006. Adamantane resistance
among influenza A viruses isolated early during the 2005–2006 influenza season
in the United States. J. Am. Med. Assoc. 295 (8), 891–894.

Chutinimitkula, S., Suwannakarna, K., Chieochansina, T., Maib, L.Q., Damrong-
watanapokinc, S., Chaisinghc, A., Amonsind, A., Landte, O., Songsermf, T.,
Theamboonlersa, A., Poovorawana, Y., 2007. H5N1 oseltamivir-resistance detec-
tion by real-time PCR using two high sensitivity labeled TaqMan probes. J. Virol.
Methods 139, 44–49.

Colman, P.M., 1989. Neuraminidase: enzyme and antigen. In: Krug, R.M. (Ed.), The
Influenza Viruses. Plenum Press, New York, pp. 175–210.

De Jong, M., Thanh, T.T., Khanh, T.H., Hien, V.M., Smith, G.J.D., Chau, N.V., Cam, B.V.,
Qui, P.T., Ha, D.Q., Guan, Y., Peiris, J.S.M., Hien, T.T., Farrar, J., 2005. Oseltamivir
resistance during treatment of influenza A (H5N1) infection. N. Engl. J. Med. 353,
2667–2672.

Deyde, V.M., Xu, X., Bright, R.A., Shaw, M., Smith, C.B., Zhang, Y., Shu, Y., Gubareva,
L.V., Cox, N.J., Klimov, A.I., 2007. Surveillance of resistance of adamantanes among
influenza A(H3N2) and A(H1N1) viruses isolated worldwide. J. Infect. Dis. 196,
249–257.

Deyde, V.M., Okomo-Adhiambo, M., Sheu, T.G., Wallis, T.R., Fry, A., Dharan, N., Klimov,
A.I., Gubareva, L.V., 2008. Pyrosequencing as a tool to detect molecular markers of
resistance to neuraminidase inhibitors in seasonal influenza A viruses. Antiviral
Res. 81 (1), 16–24.

Duwe, S., Schweiger, B., 2008. A new and rapid genotypic assay for the detection of
neuraminidase inhibitor resistant influenza A viruses of subtype H1N1, H3N2,
and H5N1. J. Virol. Methods 153, 134–141.

European Center for Disease Prevention and Control, 2008. Emergence of
seasonal influenza viruses type A/H1N1 with oseltamivir resistance in
some European countries at the start of the 2007–8 influenza season.
http://ecdc.europa.eu/pdf/080127 os.pdf.

Fazio, D., Laufer, A., Meek, J., Palumbo, J., Lynfield, R., Morin, C., Vick, K., Baumbach,
J., Mueller, M., Belflower, R., Long, C., Kamimoto, L., 2008. Influenza-testing and
antiviral-agent prescribing practices—Connecticut, Minnesota, New Mexico, and
New York, 2006–07 influenza season. Morb. Mortal. Wkly. Rep. 57 (3), 61–65.

Goodman, C., Mukherjee, D., Faulkner, E., 2006. How Effective Would Antivi-
ral Vaccination and Antiviral Drug Prevention and Treatment Strategies
be for Reducing the Impact of the Next Influenza Pandemic? WHO
Regional Office for Europe, Copenhagen. Health Evidence Network report.
http://www.euro.who.int/Document/E88034.pdf.

Gubareva, L.V., Kaiser, L., Matrosovich, M.N., Soo-Hoo, Y., Hayden, F.G., 2001. Selection
of influenza virus mutants in experimentally infected volunteers treated with
oseltamivir. J. Infect. Dis. 183, 523–531.

Gubareva, L.V., Webster, R.G., Hayden, F.G., 2002. Detection of influenza virus resis-
tance to neuraminidase inhibitors by an enzyme inhibition assay. Antiviral Res.
53 (1), 47–61.

Gubareva, L.V., 2004. Molecular mechanism of influenza virus resistance to neu-
raminidase inhibitors. Virus Res. 103, 199–203.

Lackenby, A., Hungnes, O., Dudman, S.G., Meijer, A., Paget, W.J., Hay, A.J., Zambon,
M.C., 2008. Emergence of resistance to oseltamivir among influenza A(H1N1)
viruses in Europe. Eur. Surveill. 13 (5), pii: 8026.

McKimm-Breschkin, J., Trivedi, T., Hampson, A., Hay, A., Klimov, A., Tashiro, M., Hay-
den, F., Zambon, M., 2003. Neuraminidase sequence analysis and susceptibilities
of influenza virus clinical isolates to zanamivir and oseltamivir. Antimicrob.
Agents Chemother. 47, 2264–2272.

Monto, A.S., McKimm-Breschkin, J.L., Macken, C., Hampson, A.W., Hay, A., Klimov,
A., Tashiro, M., Webster, R.G., Aymard, M., Hayden, F.G., Zambon, M., 2006.
Detection of influenza viruses resistant to neuraminidase inhibitors in global
surveillance during the first 3 years of their use. Antimicrob. Agents Chemother.
50, 2395–2402.

Moscona, A., 2005. Oseltamivir resistance—disabling our influenza defenses. N. Engl.
J. Med. 353, 2633–2636.

Mungall, B.A., Xu, X., Klimov, A., 2003. Assaying susceptibility of avian and other
influenza A viruses to zanamivir: comparison of fluorescent and chemilumines-
cent neuraminidase assays. Avian Dis. 47 (3 Suppl.), 1141–1144.

Mungall, B.A., Xu, X., Klimov, A., 2004. Surveillance of influenza isolates for suscep-
tibility to neuraminidase inhibitors during the 2000–2002 influenza seasons.
Virus Res. 103, 195–197.

Nicoll, A., Ciancio, B., Kramarz1, P., 2008. Observed oseltamivir resistance in sea-
sonal influenza viruses in Europe interpretation and potential implications. Eur.
Schunemann, H.J., Hill, S.R., Kakad, M., Bellamy, R., Uyeki, T.M., Hayden, F.G., Yazdan-
panah, Y., Beigel, J., Chotpitayasunondh, T., Del Mar, C., Farrar, J., Tran, T.H., Ozbay,
B., Sugaya, N., Fukuda, K., Shindo, N., Stockman, L., Vist, G.E., Croisier, A., Nagj-
daliyev, A., Roth, C., Thomson, G., Zucker, H., Oxman, A.D., Rapid Advice Guideline
Panel on Avian Influenza, 2007. WHO Rapid Advice Guidelines for pharmacolog-

http://ecdc.europa.eu/pdf/080127_os.pdf
http://www.euro.who.int/Document/E88034.pdf


l Resea

S

S

W

W

index.html.
World Health Organization, 2008. Influenza A(H1N1) virus resistance to oseltamivir.
L. Guo et al. / Antivira

ical management of sporadic human infection with avian influenza A (H5N1)
virus. Lancet Infect. Dis. 7.1, 21–31.

heu, T.G., Deyde, V.M., Okomo-Adhiambo, M., Garten, R., Xu, X., Bright, R., Eboneé
Butler, E., Wallis, T.R., Klimov, A.I., Gubareva, L.V., 2008. Surveillance for neu-
raminidase inhibitor resistance among human influenza A and B viruses
circulating worldwide in 2004–2008. Antimicrob. Agents Chemother. 52 (9),
3284–3292.

magala, J.A., Dawson, E.D., Mehlmann, M., Townsend, M.B., Kuchta, R.D., Rowlen,
K.L., 2005. ConFind: a robust tool for conserved sequence identification. Bioin-
formatics 21, 4420–4422.
ard, P., Small, I., Smith, J., Suter, P., Dutkowski, R., 2005. Oseltamivir (Tamiflu) and its
potential for use in the event of an influenza pandemic. J. Antimicrob. Chemother.
55 (Suppl. 1), i5–i21.

einstock, D.M., Gubareva, L.V., Zuccotti, G., 2003. Prolonged shedding of multidrug-
resistant influenza A virus in an immunocompromised patient. N. Engl. J. Med.
348, 867–868.
rch 82 (2009) 29–33 33

Wetherall, N.T., Trivedi, T., Zeller, J., Hodges-Savola, C., McKimm-Breschkin, J.L., Zam-
bon, M., Hayden, F.G., 2003. Evaluation of neuraminidase enzyme assays using
different substrates to measure susceptibility of influenza virus clinical isolates
to neuraminidase inhibitors: report of the neuraminidase inhibitor susceptibility
network. J. Clin. Microbiol. 41 (2), 742–750.

World Health Organization, 2006. Rapid Advice Guidelines on pharmacological man-
agement of humans infected with avian influenza A (H5N1) virus. http://www.
who.int/csr/disease/avian influenza/guidelines/pharmamanagement/en/
http://www.who.int/csr/disease/influenza/h1n1 table/en/.
Zambon, M., Hayden, F.G., the Global Neuraminidase Inhibitor Susceptibility Net-

work, 2001. Position statement: global neuraminidase inhibitor susceptibility
network. Antiviral Res. 49, 147–156.

http://www.who.int/csr/disease/avian_influenza/guidelines/pharmamanagement/en/index.html
http://www.who.int/csr/disease/influenza/h1n1_table/en/

	Rapid identification of oseltamivir-resistant influenza A(H1N1) viruses with H274Y mutation by RT-PCR/restriction fragment length polymorphism assay
	Introduction
	Materials and methods
	Viruses and RNA extraction
	Assay design and RT-PCR amplification
	RFLP analysis
	NA inhibition assay and sequencing analysis
	Assay sensitivity

	Results
	Discussion
	Acknowledgments
	References


