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To investigate the frequency of oseltamivir resistance
in circulating strains of the 2009 influenza A(H1N1)
pandemic virus in Scotland, 1,802 samples from 1,608
infected hospitalised patients were screened by the
H275Y discriminatory RT-PCR. Among these, we iden-
tified 10 patients who developed the H275Y muta-
tion. All of them were immunocompromised and were
under treatment or had been treated previously with
oseltamivir.

Introduction

The 2009 influenza A(H1N1) pandemic virus emerged in
Mexico in March 2009 and spread globally and uncon-
trollably during the following months. The World Health
Organization (WHO) declared a pandemic caused by
this virus on 11 June 2009. Since the first case diag-
nosed in Scotland in May 2009, a total of 6,450 labora-
tory confirmed 2009 pandemic virus infections leading
to 62 deaths had been diagnosed in Scotland by 3
January 2010.

Initial testing of the 2009 pandemic virus found it sus-
ceptible to neuraminidase inhibitors, oseltamivir and
zanamivir, but resistant to amantadine [1]. Oseltamivir
has been used extensively for chemoprophylaxis and
treatment for 2009 pandemic virus and the first spo-
radic cases of oseltamivir-resistant 2009 pandemic
virus infection were reported at the end of July 2009
[2]. The emergence of oseltamivir-resistant 2009 pan-
demic virus remains a major concern, since widespread
oseltamivir resistance has been observed in seasonal
HiN1 viruses recently [3-5]. The emergence of osel-
tamivir-resistant seasonal influenza A(HiN1) viruses
was first noted in Norway 2007 [3], and these resistant
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viruses have since evolved into the dominant influenza
A(H1N1) seasonal viruses circulating in humans.

Resistance to oseltamivir in influenza A(H1iN1) viruses
caused by a histidine to tyrosine mutation at resi-
due 275 of the neuraminidase protein (H275Y) was
observed both in vitro and in vivo [6,7]. Very recently,
this mutation has also been detected in in oseltamivir-
resistant 2009 pandemic viruses in China, the United
States (US), Vietnam and Canada [8-11]. Although there
is no evidence so far that these viruses might have
transmitted beyond close contact between cases, two
clusters of immunocompromised hospitalised patients
infected with the 2009 pandemic virus virus have been
detected in Wales, United Kingdom (UK) [12] and North
Carolina, US [13]. The possible spread of oseltamivir-
resistant 2009 pandemic virus is alarming from the
public health point of view because of consequences
for treatment and prophylaxis of 2009 pandemic influ-
enza. We report the emergence of oseltamivir-resistant
2009 pandemic virus strains in immunocompromised
patients in Scotland.

Study methods and results

To investigate the frequency of oseltamivir resistance
in circulating strains of 2009 pandemic virus, the H275Y
discriminatory reverse transcription RT-PCR was used
to screen 1,802 samples from all 1,608 infected hos-
pitalised patients in Edinburgh and Glasgow between
1 November and 31 December 2009 (Table). In addi-
tion, 32 patients with available samples from the time
of diagnosis and post treatment with oseltamivir were
analysed and clinical features recorded.



The applied method can detect as little as 5% of osel-
tamivir-resistant 2009 pandemic virus in mixed virus
populations [14]. Detection of the H275Y mutation was
confirmed by pyrosequencing in the Health Protection
Agency’s Centre for Infections in London, the United
Kingdom. Full-length sequencing of the neuraminidase
gene was performed. Patients files with their medical
history and virological investigations were reviewed
for all patients with evidence for the H275Y mutation.

Sequences amplified from all pandemic influenza virus
samples collected pre-treatment were wild type at
position 275 in the neuraminidase gene, providing no
evidence for circulation of oseltamivir-resistant 2009
pandemic virus in the area. However, 10 patients in our
study developed the H275Y mutation during or after
oseltamivir therapy.

Full-length sequences of the neuraminidase gene did
not reveal any other mutations than the H to Y change
at position 275 in our patients. In two of them, resist-
ant virus persisted for at least 25 to 40 days following
cessation of treatment, suggesting oseltamivir-resist-
ant 2009 pandemic viruses were not compromised in
their replication ability.

All patients who developed oseltamivir resistance were
immunocompromised, eight of them with haematologi-
cal malignancy The frequency of resistance-develop-
ment in patients with 2009 pandemic influenza treated
with oseltamivir was assessed further by analysing
data for 32 patients from Edinburgh of whom 10 were
immunocompromised and 22 non-immunocompro-
mised. Antiviral-resistant viruses were detected in five
of the 10 immunocompromised patients, all of whom
had been treated with oseltamivir. In comparison, none
of the non-immunocompromised patients developed
resistance during or after oseltamivir-treatment (0/22
versus 5/10, p=0.0012, Fisher’s exact test).

Conclusions

Systematic follow-up of patients hospitalised with
2009 pandemic influenza and treated with oseltami-
vir and large-scale screening of untreated hospital-
ised 2009 pandemic influenza patients showed an

TABLE

association between the appearance of the H275Y
mutation and oseltamivir treatment. In our study pop-
ulation, we found no evidence for the spontaneous
emergence of resistance in untreated patients. This
contrasts with very recent findings of resistance in a
small number of Chinese and Vietnamese subjects who
had not received oseltamivir prophylaxis or treatment
[8,10]. These results have been interpreted as showing
that spontaneous mutation can occur either before or
during infection, or that there is transmission of osel-
tamivir-resistant virus in some geographical regions.

In our study, oseltamivir resistance development was
restricted to immunocompromised subjects, consist-
ent with the previous descriptive study of the isola-
tion of oseltamivir-resistant 2009 pandemic virus from
two severely immunosuppressed patients with hae-
matologic malignancy [13]. In both of them, persistent
viral shedding led to prolonged use of oseltamivir and
the subsequent development of oseltamivir-resistant
2009 pandemic virus variants. The prolonged period of
infection (up to 61 days in our study) and large popula-
tion sizes associated with poorly controlled virus rep-
lication favoured the development of resistance. This
could provide evidence that emergence of resistance
can result from selection of mutants from genetically
diverse quasispecies within the infected individual.
Despite the small study numbers, the result that 5 of
10 of immunocompromised patients treated with osel-
tamivir developed drug resistance could have implica-
tions for further management of 2009 pandemic virus
infections.

An additional factor influencing resistance develop-
ment is the dosage of antivirals administered. In previ-
ous studies, oseltamivir-resistant 2009 pandemic virus
strains were detected in patients who became infected
during oseltamivir chemoprophylaxis [2,9,11]. In these
cases, subtherapeutic levels of oseltamivir may have
only partially inhibited viral replication, facilitating
the emergence of resistance. All our study subjects
received the adequate and recommended treatment
doses of oseltamivir. However, the efficacy of recom-
mended oseltamivir treatment in immunocompromised

H275Y mutation resistance testing of confirmed 2009 pandemic influenza A(HINI1) virus samples from hospitalised
patients, Scotland, November 2009-December 2009 (n=1,802 samples)

Edinburgh Glasgow Total
Number of samples tested for 2009 pandemic virus 2,507 6,300 8,807
Number of 2009 pandemic virus positive samples 423 1,379 1,802
Number of 2009 pandemic virus positive patients 352 1,256 1,608
Number of H275Y positive patients 5 5 10

Time period

1.11-31.12.2009

6.11-31.12.2009

Method for H275Y screening

All 2009 pandemic virus positive
samples tested with H275Y RT-PCR

All respiratory samples tested with H275Y with
multiplex RT-PCR (2009 pandemic virus, FIuA
and H275Y)

FluA: influenza virus type A; RT-PCR: reverse transcription-polymerase chain reaction
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patients has not been established and further studies
are needed in this respect.

Finally, the emergence of resistant forms of influ-
enza viruses depends on the relative fitness of drug-
resistant strains compared to wild type virus. A recent
study showed that a seasonal influenza A (H1iN1) virus
isolated in Canada with H275Y mutation had at least
comparable viral fitness both in vitro and in ferrets
relative to that of a closely related wild type strain [15].
Although we were unable to assess the replication fit-
ness or infectivity directly, the appearance of oseltami-
vir-resistant variants and replacement of the original
wild type strains eight to 12 days after the end of treat-
ment in two individuals could hint towards a possible
fitness advantage of oseltamivir-resistant viruses.

The majority of circulating 2009 pandemic virus strains
worldwide has remained susceptible to oseltamivir [2].
However, the recent spontaneous emergence of osel-
tamivir-resistant seasonal influenza A(H1N1) virus [4,5]
shows that in theory there could be the possibility that
oseltamivir-resistant 2009 pandemic virus may also
become dominant during the next influenza season.

The induction of resistance in immunosuppressed
patients seen in our study highlights the importance of
close monitoring and containment of this group during
therapy. All possible interventions should be adopted
to prevent the emergence of oseltamivir-resistant 2009
pandemic virus strains, including the vaccination of
immunocompromised individuals and their household
contacts with the pandemic influenza vaccine.
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