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Abstract

In the treatment of influenza, Neuraminidase inhibitors (NAls) (Oseltamivir and Zanamivir) play a
major role. The emergence of variants of influenza A (H1N1) pdm09 virus resistant to Oseltamivir is a
matter of great concern as it limits its usage. Therefore, vigilant monitoring for Oseltamivir-resistant
viruses has been recommended by the World Health Organization (WHO). Our study aimed to
screened the influenza A (H1IN1) pdmO09 virus for NAI drug resistance during the outbreak of 2015-16 in
North-Western India. A total of 640 HIN1pdmO09 virus-positive samples were screened for drug
resistance to Oseltamivir by WHO allelic discrimination real-time RT-PCR protocol. The allelic
discrimination PCR protocol can detect the presence of single nucleotide polymorphisms (SNPs), the
H275Y mutation is detected by this method which causes resistance to Oseltamivir. Sanger sequencing
of partial fragment of NA gene (fragment IV), of 90 samples were performed to confirm the presence
of NA-H275Y mutation. Neuraminidase susceptibility of 20 randomly selected isolates to Oseltamivir
was tested using NA inhibition chemiluminiscence based assay. Among 640 H1IN1pdm09 positive
samples tested, H275Y mutation was detected in one sample (0.15%) by PCR and confirmed by Sanger
sequencing also. All the 20 isolates tested for NAI susceptibility by NA star assay were found to be
sensitive to Oseltamivir. WHO allelic discrimination PCR is an easy, rapid and sensitive method for
high-throughput detection of resistance to Oseltamivir. Systematic regular drug resistance surveillance
of Influenza A is essential to monitor the emergence and spread of drug-resistant strains.
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INTRODUCTION

Thefirst case of Influenza A (H1IN1) pdm09
was reported in Mexico in April 2009 which quickly
spread to various countries to cause the pandemic®.
Neuraminidase inhibitors (NAls) (Oseltamivir and
Zanamivir) play an important role in treating
influenza infection and are recommended by the
Center for Disease Control and Prevention (CDC)
for high-risk patients or hospitalized patients. NAls
act by interfering with release of newly assembled
viruses from the infected cells?. Oseltamivir has
a large hydrophobic side chain that requires a
conformational rearrangement in the viral NA
that is essential to accommodate the drug. Any
mutations that affect this rearrangement may
reduce the binding affinity of the drug leading to
viral resistance to Oseltamivir®®,

In seasonal Influenza A (H3N2) virus
Oseltamivir resistance emerged during 2007-2008
which became widespread by 2008—-2009 season®.
The first case of Oseltamivir resistant HIN1pdm09
was reported in June 20097 and up to October
2011, over 600 Oseltamivir-resistant HIN1pdm09
virus cases were reported in 32 countries?.
Emergence of HIN1pdmOQ9 virus resistant to
Oseltamivir is a matter of great concern as it can
limit the use of the drug which is the mainstay of
treatment of cases infected with HIN1pdmO09.

A point mutation found on the
neuraminidase gene, H275Y, is known to cause
Oseltamivir resistance. Many methods are
available to test for drug resistance to oseltamivir.
The allelic discrimination PCR protocol can detect
presence of single nucleotide polymorphisms
(SNPs) and the H275Y mutation is identified by
this method to detect Oseltamivir. In sanger
sequencing protocol given by WHO fragment
IV of NA gene can confirm the presence of NA-
H275Y mutation. Phenotypically Neuraminidase

susceptibility can be tested using NA inhibition
chemiluminiscence based assay, NA star.
Oseltamivir-resistant HIN1pdm09, with
the H275Y substitution were reported from two
clusters of immunocompromised and hospitalized
patients at United Kingdom (UK)® and North
Carolina, US™. Therefore, vigilant monitoring
for Oseltamivir-resistant viruses has been
recommended by the World Health Organization
(WHO). Only sporadic reports of Oseltamivir
resistance testing are available from India and
data from North Western India is lacking. In the
present study, we tested HIN1pdm0Q9 positive
samples from North Western India for Oseltamivir
resistance by allelic discrimination real time PCR
to detect for the presence of H275Y mutation.
Sanger sequencing and phenotypic assay for drug
resistance were done in representative samples.

MATERIAL AND METHODS
RT-PCR and sample collection

Throat or nasal swab samples of suspected
cases with influenza-like illness (ILI) were collected
in Viral Transport Medium (VTM) and transported
maintaining cold-chain. The study was conducted
at the Advanced Research Laboratory, SMS
Medical College, Jaipur, Rajasthan, India. The
RNA was isolated by the QlAamp Viral RNA Mini
Kit (Qiagen, Germany). The RNA of each sample
was tested using primers and probes sets of InfA,
Universal Swine (swFluA), Swine H1 (swH1) and
RNase P according to CDC protocol 10 on Step
One Plus real time PCR instrument (Applied
Biosystems,USA).
Detection of H275Y mutation by allelic
discrimination real time PCR

Total 640 HIN1pdmO09 virus positive
samples (n=640) were selected and screened for
the presence of H275Y mutation using primers

Table 1. Primers and probe sequences for allelic discrimination PCR*

Names Sequence (5’-3) Position
H1N1 NA F690-719 (Forward primer) ATGTGCATGTGTAAATGGTTCTTGCTTTAC 690-719
H1N1 NA R847-872 (Reverse primer) ACACATGTGATTTCACTAGAATCAGG 847-872
Probe 1 FAM-274Ya-swH1N1-F823-835 (FAM)TACTATGAGGAAT(MGB)

(Specific for Mutant allele) 823-835
Probe 2 VIC-H274a- swH1N1-F823-835 (VIC)CACTATGAGGAAT(MGB)

(Specific for wild type allele) 823-835
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Table 2. Sequence of Primers used for one step RT PCR*?

Name Primer Sequence (5’-3’)

NA gene fragment IV
Forward Primer
NA gene fragment IV
Reverse Primer

726 TGT AAA ACG ACG GCC AGT AAT GGR CAR GCCTCR TAC AA

1346 CAG GAA ACA GCT ATG ACC GCT GCT YCC RCT AGT CCA GAT

and probes as per WHO protocol*? (Table 1). This
method detects a single nucleotide mutation
H275Y mutation in the NA gene from Cto T which is
known to be associated with Oseltamivir resistance
in HIN1 influenza virus by allelic discrimination
real time PCR that uses a pair of primers with two
TagMan MGB probes each targeting a different
allele i.e., wild type and mutant virus that differ
by a single base substitution or single nucleotide
polymorphism (SNP).
Detection of H275Y mutation by Sanger
sequencing

Sanger sequencing of a fragment IV
of NA gene of representative 90 samples was
done as per WHO sequencing protocol to detect
the presence of H275Y mutation. For Sanger
sequencing, reverse transcriptase PCR (RT-PCR)
was performed to amplify partial regions of the
NA gene using Super Script Ill one-step RT-PCR
kit with platinum Taq (Invitrogen) and specific
primers targeting the fragment from nucleotides
726 to 1346 of NA gene (fragment IV) as described
earlier’®. RT-PCR products were used for cycle
sequence PCR reaction which was set up using
Big Dye Terminator Kit (Applied Biosystems) and
gene specific primers®® (Table 2). The reaction
products were purified by Big Dye X Terminator

Purification Kit (Applied Biosystems) and run
on an ABI 3500 Dx Genetic analyser (Applied
Biosystems). Sequences were analysed using the
Mega Version 5.2 sequence analysis software and
were submitted to BLAST (Basic Local Alignment
Search Tool) program of NCBI (National Centre for
Biotechnology Information)**.
Virus Culture

Madin-Darby Canine Kidney (MDCK) cells,
acquired from the National Center for Cell Sciences
(NCCS) stored in Minimal Essential Medium
(MEM, Himedia, Mumbai, India) were enriched
with 10% fetal bovine serum (FBS) (HiMedia,
Mumbai, India). Twenty HIN1pdmQ9 positive
samples were selected based on Ct values <35
and volume of samples available. These clinical
samples were inoculated onto confluent MDCK
cells in serum free medium containing 2 pug/ml of
Tosyl Phenylalanyl Chloromethyl Ketone (TPCK)
trypsin for virus isolation. The samples were
passaged until sufficient titer was reached. Tissue
culture fluid was harvested after observing the
infected cells for cytopathic effects. Virus stocks
were aliquoted and stored at -80°C until use.
NA inhibition Assay

Neuraminidase susceptibility testing was
done for 20 representative isolates to Oseltamivir

Table 3. Results of tests performed for drug resistance in Influenza A (HIN1) pdm 09 samples

S.  Test Done No. of Samples Results

No. tested (N)

1 WHO allelic discrimination real time RT PCR 640 1/640(0.15%) Positive for H275Y mutation,

2 Sanger sequencing 90 One, Positive for H275Y mutation by allelic
discrimination real time PCR confirmed
by sequencing also

3 NA star kit (Chemiluminiscence based assay) 20 All sensitive (The sample found to be
resistant by Sanger sequencing and real
time PCR could not be tested using
chemiluminescence based assay as the
sample quantity wasinsufficientto perform
the assay).
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by NA-star Influenza neuraminidase inhibitor
resistance detection Kit (Applied Biosystems, USA),
which is a inhibition chemiluminescence based
assay. The 50% inhibitory concentration (IC50) of
Oseltamivir was determined using the NA Star by
regression analysis®.

RESULTS AND DISCUSSION

In our study H275Y mutation associated
with Oseltamivir drug resistance was detected in
only 1/640 (0.15%; confidence interval: 0.000-
0.004) HIN1pdmO09 positive samples by allelic
discrimination real time RT PCR (Fig. 1). On
sequencing of a partial fragment of NA gene,
only 1/90 (1.1%) sample was found to have the
mutation H275Y causing drug resistance, which was
detected by RT-PCR assay also, rest of the samples
were found to have wild type sequences only. The
partial NA gene sequences were submitted to NCBI
(accession numbers: MN210329 to MN210341
and MN252131 to MN252207). Fig. 2 shows the
dendrogram of the partial sequences of NA gene
of both wild type and mutant samples aligned with
reference to California strain (NCBI Accession. No

NC_026434.1). All the representative 20 (100%)
isolates tested for neuraminidase susceptibility to
Oseltamivir by NA Star were found to be sensitive.
NAI susceptibility of the sample which was found
to be resistant by Sanger sequencing could not be
tested as the sample quantity was insufficient to
perform the assay. The results of the present study
are summarized in Table 3.

A study from Scotland reported 0.55%
(10/1802) Oseltamivir resistance in HIN1pdmO09
strains'®>Whereas study from South Korea reported
16% (11/67) drug-resistance in HIN1pdmO09 virus
during May 2009-January 2010 and virus isolates
from all the patients had the H275Y mutation
in the neuraminidase gene'’. Till now there
have been very few studies on drug resistance
surveillance in HIN1pdmO09 from India®®>*#2, In
a study from Eastern India, H275 mutation was
not detected (0%) in any of the 25 HIN1pdmO09
isolates analyzed by sequencing method?. Study
from Pune reported 0.07% Oseltamivir resistance
in 1524 H1IN1pdmO09 positive samples screened
for the presence of H275Y mutation by allelic rRT-
PCR™. In study from Mumbai, all the 47 isolates
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Fig. 1. Real Time RT PCR Allelic discrimination plot for detection of substitution at amino acid 275 in Neuraminidase
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NC 026434.1 Influenza A virus (A/Californial07/2009(H1 ﬁmﬂru
MN252207.1 Influenza A virus (Afindia/102/2015(H1N1)
MN252206.1 Influenza A virus (Alindia/t01/2015(H1N1)
MN252205.1 Influenza A virus (Andial100/2015(HIN1)
MN252203 1 Influenza A virus (A/india/98/2015(H1N1)
MN252204.1 Influenza Avirus (Mndiai99/2015(H1N1)
MN252201.1 Influenza A virus (A/india/96/2015(H1N1)
MN252202.1 Influenza A virus (Andia/97/2015(H1N1)
MN252200.1 Influenza A virus (Mndia/95/2015(H1N1)
MN252199.1 Influenza A virus (Mndia/94/2015(H1N1)
MN252198.1 Influenza A virus (Mndiai93/2015(H1N1)
MN252197 1 Influenza A virus (A/india/92/2015(H1N1)
MN252196.1 Influenza A virus (AMndia/91/2015(H1N1)
MN252195.1 Influenza A virus (Mndia/90/2015(H1N1)
MN252194.1 Influenza Avirus (Mndia/89/2015(H1N1)
MN252193.1 Influenza A virus (Andia/88/2015(H1N1)
MN252192 1 Influenza A virus (A/india/87/2015(H1N1)
MN252191.1 Influenza A virus (Mndia/86/2015(H1N1)
MN252189.1 Influenza A virus (Mndia/84/2015(H1N1)
MN252188.1 Influenza A virus (Andia/83/2015(H1N1)
MN252190.1 Influenza A virus (AMndia/85/2015(H1N1)
MN252187.1 Influenza A virus (Aindia/82/2015(H1N1)
MN252186.1 Influenza A virus (Mndia/81/2015(H1N1)
MN252185.1 Influenza A virus (Mndia/80/2015(H1N1)
MN252184.1 Influenza A virus (Mndia/79/2015(H1N1)
MN252183.1 Influenza A virus (Mndia/78/2015(H1N1)
MN252182 1 Influenza A virus (Alindia/77/2015(H1N1)
MN252181.1 Influenza A virus (Mndia/T6/2015(H1N1)
MN252180.1 Influenza A virus (Alindia/75/2015(H1N1)
MN252179.1 Influenza A virus (Mndia/74/2015(H1N1)
MN252178.1 Influenza A virus (Mndial73/2015(H1N1)
MN252177.1 Influenza A virus (Afindia/72/2015(H1N1)
MN252176.1 Influenza A virus (Andia/71/2015(H1N1)
MN252175.1 Influenza A virus (Afindia/70/2015(H1N1)
MN252174.1 Influenza A virus (Mndia/57/2015(H1N1)
MN252173.1 Influenza A virus (Mndia/56/2015(H1N1)
MN252172.1 Influenza A virus (A/india/55/2015(H1N1)
MN252171.1 Influenza A virus (Mndia/54/2015(H1N1)
MN252170.1 Influenza A virus (Aindia/53/2015(H1N1)
MN252169.1 Influenza A virus (Andia/52/2015(H1N1)
MN252168.1 Influenza A virus (Mndia/51/2015(H1N1)
MN252167.1 Influenza Avirus (Mndia/40/2015(H1N1)
MN252166.1 Influenza A virus (Andia/39/2015(H1N1)
MN252165.1 Influenza A virus (A/india/38/2015(H1N1)
MN252164.1 Influenza A virus (AMndia/37/2015(H1N1)
MN252163.1 Influenza A virus (Mndia/36/2015(H1N1)
MN252162.1 Influenza Avirus (Mndia/35/2015(H1N1)
MN252161.1 Influenza A virus (AMndia/34/2015(H1N1)
MN252160.1 Influenza A virus (Aindia/33/2015(H1N1)
MN252159.1 Influenza A virus (Alndia/32/2015(H1N1)
MN252158.1 Influenza A virus (Mndia/31/2015(H1N1)
MN252157.1 Influenza Avirus (Mndia/30/2015(H1N1)
MN252156.1 Influenza A virus (Andia/29/2015(H1N1)
MN2521565.1 Influenza A virus (A/india/28/2015(H1N1)
MN252154.1 Influenza A virus (Mndia/27/2015(H1N1)
MN252153.1 Influenza A virus (Mndia/25/2015(H1N1)
MN252152.1 Influenza A virus (Andia/24/2015(H1N1)
MN252151.1 Influenza A virus (Mndial23/2015(H1N1)
MN252150.1 Influenza A virus (A/india/22/2015(H1N1)
MN252149.1 Influenza A virus (AMndia/21/2015(H1N1)
MN252148.1 Influenza A virus (Mndial20/2015(H1N1)
MN252147.1 Influenza A virus (Alndia/19/2015(H1N1)
MN252146.1 Influenza A virus (Aindial18/2015(H1N1)
MN252145.1 Influenza A virus (Afindia/17/2015(H1N1)
MN252144.1 Influenza A virus (Andia/16/2015(H1N1)
MN252143 1 Influenza A virus (Afindia/15/2015(H1N1)
MN252142.1 Influenza A virus (Alindia/t 4/2015(H1N1)
MN252141.1 Influenza A virus (Andial13/2015(H1N1)
MN252140.1 Influenza A virus (Afindia/12/2015(H1N1)
MN252139.1 Influenza A virus (Andial1 1/2015(H1N1)
MN252138.1 Influenza A virus (Alindia/10/2015(H1N1)
MN252137.1 Influenza A virus (Mndia/9/2015(H1N1)
MN252136.1 Influenza A virus (Vindia/Bi2015(HINT) | ¥
MN252135.1 Influenza A virus (Afindia/6/2015(H1N1)
MN252134.1 Influenza A virus (Andia/4/2015(HIN1)
MN252133 1 Influenza A virus (Afindia/3/2015(H1N1)
MN252132.1 Influenza A virus (Andia/2/2015(HIN1)
MN252131.1 Influenza A virus (Alindia/1 2015(H1N1)
MN210340.1 Influenza A virus (Mndia/b9/2015(H1N1)
MN210339.1 Influenza A virus (AndiaiB8/2015(H1N1)
MN210338.1 Influenza A virus (A/india/67/2015(H1N1)
MN210337.1 Influenza A virus (AMndia/66/2015(H1N1)
MN210335.1 Influenza A virus (Mndia/b4/2015(H1N1)
MN210334.1 Influenza A virus (Mndia/b3/2015(H1N1)
MN210333.1 Influenza A virus (Andiaib2/2015(H1N1)
MN210332.1 Influenza A virus (A/india/61/2015(H1N1)
MN210331.1 Influenza A virus (Mndia/B0/2015(H1N1)
MN210330.1 Influenza A virus (Mndia/59/2015(H1N1)
MN210341 1 Influenza A virus (Mindia/1032015(HIND)| |

00020

Fig. 2. Sequence dendrogram of the partial sequences of NA gene of wild type and mutant samples aligned with
reference to California strain (NCBI Accession. No NC_026434.1).
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of HIN1pdmO9 virus tested for NAI susceptibility
were found to be susceptible to Oseltamivir using
NA inhibition chemiluminescence based assay®. In
a study from Brazil, 261 virus isolates were tested
for mutations by Sanger sequencing of the NA
gene and H275Y mutation was detected in only
one sample?.

Few studies have reported drug resistance
by using enzyme inhibition assays?*?. In a study
by Gubareva et al., 0.68% (23/3335) HIN1pdmO09
virus isolates were found to be resistant by
chemiluminescent Nl assay?’. Whereas study from
China reported higher resistance rate of 2.5% in
2013 and 2.3 % in 2014 to Oseltamivir tested by
NAI susceptibility method?.

Several methods have been used in
various studies worldwide for surveillance of
antiviral resistance in influenza viruses, but allelic
discrimination real time PCR has been reported
to be most rapid and high throughput method
that has the benefits of lower cost and generally
straightforward interpretation. Major advantage is
that most clinical molecular diagnostic laboratories
have the capabilities required for its use, it’s
easy to perform, and most of the steps can be
automated and has shorter turnaround time.
Another major advantage with RTPCR is that they
have increased sensitivity over that of sequencing
assays. Sanger sequencing has a sensitivity of ca.
20%, and the initial screening for rare resistant
species in patient samples requires pure growth
of virus?!. Sanger sequencing is cumbersome,
time consuming, expensive, requires technical
skill. Also, the equipment is not available in
most laboratories, but it has the advantage that
it can identify mutations in whole NA gene.
The neuraminidase inhibition assay is also time
consuming, needs to culture the virus and requires
specialized infrastructure but can give clear answer
as to the susceptibility of the virus. We carried out
all three methods to confirm findings of real time
PCR in representative samples.

The only drug resistant sample in present
study was from a patient who was a medical
student, 28-year-old female, having a history of
contact with a hospitalized four-year-old child
who was reported positive for HIN1pdm09.
After two days of exposure, she developed
symptoms of ILI and was further reported positive

HIN1pdmO09. She was otherwise healthy and
immuno-competent. She received Oseltamivir
for treatment of HIN1 pdmO09 infection after
diagnosis, was successfully treated and is alive
and healthy. There was no history of Oseltamivir
prophylaxis and vaccination in the medical
student. The sample of the four-year-old boy from
whom she was presumed to have acquired the
infection was also tested for H275Y mutation, but
it was found to be sensitive to NAL.

Detection of mutation in our study
indicates the emergence and circulation of low-
level populations of Oseltamivir-resistant virus
in North Western Indian population which has
been reported for the first time but this could
not be attributed to selection pressure owing to
drug therapy because the patient’s sample was
collected for testing prior to initiation of treatment.
This is similar to that reported by Potdar et al., who
reported first case of Oseltamivir drug resistance
from India tested by real time PCR®*.Although
the clinical significance of low-level populations
of Oseltamivir-resistant virus is indeterminate,
early detection of Oseltamivir-resistant virus can
facilitate the use of alternative antiviral drugs,
which may help in improving patient’s treatment
outcome.

A major limitation of our study was that
other mutations conferring drug resistance were
not analyzed as only partial fragment of NA gene
(fragment IV as per WHO protocol) was sequenced
which covered only 726 to 1346 nucleotide
positions and resistant case couldn’t be confirmed
by NA star.

To conclude the present study reports the
first case of emergence and circulation of low-level
populations of Oseltamivir-resistant HIN1pdm09
virus in North Western Indian population this
highlights the need for continuous antiviral drug
resistance surveillance for influenza. Such studies
are essential to indicate efficacy of the prescribed
neuraminidase inhibitors by clinicians and have
public health importance. For rapid detection
of drug resistance easy and sensitive screening
methods like WHO allelic discrimination PCR
are preferable over other methods like Sanger
sequencing and chemiluminescence based assays
as they require specialized facilities of sequencing
and virus isolation, technical expertise, are labor
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intensive, time consuming and results cannot be
available in clinically useful time period.
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