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Objective: To perform antiviral susceptibility monitoring of treated individuals in the community during the 2009
influenza A(H1N1) pandemic in England.

Patients and methods: Between 200 and 400 patients were enrolled daily through the National Pandemic Flu
Service (NPFS) and issued with a self-sampling kit. Initially, only persons aged 16 and over were eligible, but
from 12 November (week 45), self-sampling was extended to include school-age children (5 years and older).
All samples received were screened for influenza A(H1N1)pdm09 as well as seasonal influenza [A(H1N1),
A(H3N2) and influenza B] by a combination of RT–PCR and virus isolation methods. Influenza A(H1N1)pdm09
RT–PCR-positive samples were screened for the oseltamivir resistance-inducing H275Y substitution, and a
subset of samples also underwent phenotypic antiviral susceptibility testing by enzyme inhibition assay.

Results: We were able to detect virus by RT–PCR in self-taken samples and recovered infectious virus enabling
further virological characterization. The majority of influenza A(H1N1)pdm09 RT–PCR-positive NPFS samples
(n¼1273) were taken after oseltamivir treatment had begun. No reduction in phenotypic susceptibility to neur-
aminidase inhibitors was detected, but five cases with minority quasi-species of oseltamivir-resistant virus (an
H275Y amino acid substitution in neuraminidase) were detected.

Conclusions: Self-sampling is a useful tool for community surveillance, particularly for the follow-up of drug-
treated patients. The virological study of self-taken samples from the NPFS provided a unique opportunity to evalu-
ate the emergence of oseltamivir resistance in treated individuals with mild illness in the community, a target
population that may not be captured by traditional sentinel surveillance schemes.
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Introduction
In England, neuraminidase inhibitors (NIs) were prescribed at un-
precedented levels throughout the first two waves of the 2009 influ-
enza A(H1N1) pandemic as part of national control and mitigation
strategies.1 Oseltamivir was primarily used for the treatment of pan-
demic influenza cases, with extensive prophylaxis of contacts in the
initial containment phase from 27 April to 1 July 2009 that was
designed to slow the spread of the virus. Containment was followed
by a treatment-only phase, from 2 July 2009 until April 2010, when
all suspected cases were offered oseltamivir treatment withouta re-
quirement for laboratory confirmation (Figure 1).

In the containment phase, community access to healthcare as-
sessment was available via a nurse-led multichannel telephone
health advice service [National Health Service (NHS) Direct] in add-
ition to traditional primary care facilities [general practitioner (GP)
surgeries and emergency departments]. Antiviral drugs were avail-
able only by medical prescription.2,3 From 23 July 2009, in the
treatment-only phase, the National Pandemic Flu Service (NPFS)
was introduced. This was a dedicated telephone and web service
managed by NHS Direct for persons with influenza-like illness
(ILI) that was designed to manage treatment assessment and
antiviral delivery for mild cases of illness, thus alleviating the pres-
sure on the primary care services (Figure 1).4 Patients suspected of
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having influenza A(H1N1)pdm09 were authorized to collect oselta-
mivir from one of 2000 NPFS antiviral collection points in pharma-
cies around England. Until it ceased activity on 12 February 2010,
the NPFS made more than 2.4 million patient assessments and
authorized 1.6 million courses of oseltamivir, more than 1 million
of which were collected for use.5

Monitoring of circulating virus strains for the emergence of re-
sistance was a public health priority during the pandemic.6 Speci-
mens collected by Royal College of General Practitioners (RCGP)
sentinel GPs were typically taken at the time of diagnosis, prior to
the initiation of any antiviral treatment.7 The NPFS service offered
a unique opportunity to monitor drug-treated individuals with
mild clinical illness in the community for the emergence of antiviral
resistance. A programme of self-sampling was initiated to com-
plement community virological sampling by the existing network
of sentinel GPs.7 On a daily basis, a subset of NPFS-assessed in-
dividuals were provided a self-sampling kit with instructions
to take a nasal swab; samples were returned to the HPA national
virological reference facility via the UK postal service, using Inter-
national Air Transport Association (IATA) 650-compliant packaging
(UN3373 biological diagnostic specimens).

We present the results of the virological analysis of self-sampled
specimens from NPFS patients during the 2009 pandemic and
demonstrate the practicality of a self-sampling approach for
monitoring the antiviral susceptibility of influenza.

Patients and methods

NPFS self-sampling virological surveillance scheme
The inclusion criteria for the issue of self-sampling kits to NPFS service users
were those assessed to have influenza-like symptoms and generally un-
complicated illness, who were advised to self-care without referral for
further medical attention and who were authorized to have antiviral
agents. Between 200 and 400 patients, evenly distributed across
England, were enrolled daily to the virological sampling study and were
issued with a self-sampling kit via the postal service (Table 1). A short epi-
demiological questionnaire (available as Supplementary data at JAC
Online) requesting information on antiviral treatment was included with
each kit. Initially, only persons aged 16 and over were eligible, but from
12 November (week 45), self-sampling was extended to include school-age
children (5 years and older).

Ethics approval
Self-sampling was undertaken as part of a public health surveillance pro-
gramme in response to the 2009 influenza pandemic and was carried out
under the NHS Act 2006 (section 251), which provides statutory support
for disclosure of such data by the NHS, and their processing by the HPA
for communicable disease control. As such, no explicit ethical approval
was necessary or sought. Only anonymized patient data were used for
these analyses.
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Figure 1. Weekly incidence of ILI per 100000 population in England and Wales, and influenza A(H1N1)pdm09 laboratory detections from sentinel GP
practices (RCGP) and hospitals in England. The containment (pale grey) and treatment-only (dark grey) phases of the UK pandemic strategy are
highlighted. Virological sampling sources, through the different community care facilities during the pandemic in England, are also shown—from GP
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Virological screening
All samples received were screened for influenza A(H1N1)pdm09 as well as
seasonal influenza [A(H1N1), A(H3N2) and influenza B] bya combination of
RT–PCR and virus isolation methods. Total nucleic acid was extracted dir-
ectly from 150 mL clinical specimens followed by reverse transcription
and real-time PCR.8,9

Virus isolation and antiviral susceptibility
characterization
Influenza A(H1N1)pdm09-positive specimens were screened by pyrose-
quencing for the H275Y mutation (a CAC to TAC nucleotide substitution)
in the viral neuraminidase. Reverse transcription and PCR was performed
using the One-Step RT–PCR Kit (Qiagen) and 0.6 mM each of 5′ biotin-
labelled forward PCR primer (GGGAAAGATAGTCAAATCAGTCGA) and un-
labelled reverse primer (TAGACGATACTGGACCACAACTG) (508C for 30 min;
958C for 5 min; 35 cycles of 948C for 1 min; 628C for 0.5 min; 728C for
1 min followed by a final step of 728C for 10 min). Allele quantification
pyrosequencing was performed using a reverse-sense sequencing primer
(CAGGAGCATTCCTCA; Qiagen) under standard conditions.

Virus was isolated from a subset of influenza A(H1N1)pdm09-positive
samples in cell culture using MDCK and MDCK-SIAT1 cells (stably overex-
pressing a2,6-sialyltransferase).10 Isolates with sufficient neuraminidase
activity were phenotypically analysed for antiviral susceptibility using a
fluorescence-based [2′-(4-methylumbelliferyl)-a-D-N-acetylneuraminic
acid (MUNANA)] neuraminidase enzyme inhibition assay, as previously
described.11

Full-length neuraminidase sequencing was performed by two-step
RT–PCR amplification of the full gene, followed by direct sequencing of the
product with six primers, according to previously published methodology.12

Statistical analyses
The effect of antiviral use on viral load was assessed within the NPFS
scheme by normal error regression on Ct values, adjusting where necessary
for the potential confounding factors of the interval from onset to swab, age
and gender. To assess the impact of antiviral use on virus recovery, logistic
regression wasperformed with adjustment for the potential confounders of
interval from onset to swab, swab to laboratory receipt and Ct value. Finally,
antiviral susceptibility was assessed by normal error regression on log 50%
inhibitory concentration (IC50) results in both schemes with effects of age,
gender, month of swab, antiviral use and swabbing scheme examined.
Results were anti-logged to provide fold effects.

Results
We analysed the samples from the NPFS patients to detect influ-
enza virus genome and performed further virological characteriza-
tion of influenza-positive samples. Between 3 August 2009 (week
31) and 12 February 2010 (week 6), a total of 14441 swabs were
received, of which 1934 were influenza A(H1N1)pdm09 positive
(13.4%) (A. Bermingham, unpublished data). There was a variation
in the number of doses of oseltamivir taken at the time of self-
sampling, as captured by the patient questionnaire.

Considering only the influenza A(H1N1)pdm09-positive swabs
(n¼1934), the majority (1195, 61.8%) were taken between 1
and 4 days after starting oseltamivir therapy, which correlates
with the typical 2–5 day delay between the date of onset and
the swab date (Table 1). A further 631 (32.6%) positive swabs
were taken before oseltamivir therapy, and 78 (4.0%) swabs

Table 1. A(H1N1)pdm09-positive patient demographics from the NPFS
and sentinel GP schemes

Patient demographic
NPFS scheme, n (%)

(n¼1934 swabs)
Sentinel GP scheme, n
(%) (n¼1021 swabs)

Method of swab self-taken (or
parent/guardian)

taken by healthcare
professional

Treatment status at time of swab
no oseltamivir taken 631 (32.6) 935 (91.6)
mid-oseltamivir

treatment (days 1–4)
1195 (61.8) 19a (1.9)b

oseltamivir treatment
completed (day 5+)

78 (4.0)

no information given 30 (1.6) 67 (6.6)

Interval between onset date and swab date
0 to 1 day 3 (0.2) 249 (24.4)
2–3 days 773 (40.0) 338 (33.1)
4–5 days 847 (43.8) 189 (18.5)
6–7 days 198 (10.2) 62 (6.1)
8–9 days 38 (2.0) 21 (2.1)
10+ days 16 (0.8) 36 (3.5)
no onset/swab date
given

59 (3.1) 126 (12.3)

Gender
female 1082 (55.9) 538 (52.7)

Age group (years)
0–4c 0 (0) 124 (12.1)
5–14 413 (21.4) 366 (35.9)
15–24 390 (20.2) 179 (17.5)
25–44 779 (40.3) 248 (24.3)
45–64 338 (17.5) 96 (9.4)
65–74 14 (0.7) 5 (0.5)
75+ 0 (0) 3 (0.3)

Region
East Midlands 223 (11.5) 96 (9.4)
East of England 233 (12.0) 103 (10.1)
London 203 (10.5) 275 (26.9)
North East England 162 (8.4) 33 (3.2)
North West England 215 (11.1) 71 (7.0)
South East England 250 (12.9) 160 (15.7)
South West England 232 (12.0) 112 (11.0)
West Midlands England 214 (11.1) 134 (13.1)
Yorkshire and Humber

England
202 (10.4) 37 (3.6)

aTwo patients had received zanamivir at the time of swabbing, and two
patients had not received antivirals but were household contacts of
someone receiving oseltamivir.
bFor sentinel GP swabs, the interval from the start of treatment to the swab
date was not known, and therefore these 19 patients cannot be separated
into the 1–4 day or 5+ day groups.
cThe 0–4 year age group was excluded from the NPFS virological surveil-
lance protocol.
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were taken after completion of the full 5 day course of oseltamivir
(Table 1). This is in contrast to influenza A(H1N1)pdm09-positive
samples taken via the sentinel GP scheme,7 in which only 1.9% of
positive samples were taken after or during treatment (Table 1). In-
sufficient information was given in 30 (1.6%) NPFS cases to deter-
mine the stage of therapy when the swab was taken, and these
were excluded from further analyses.

Effect of oseltamivir treatment on viral load and virus
isolation

Semi-quantitative data based on Ct values from the influenza
A(H1N1)pdm09 diagnostic RT–PCR results were taken as an esti-
mation of viral load and used to assign positive samples into
high, medium and low viral load groupings (Figure 2). Statistical
analyses of individual Ct values showed that the estimated viral
load decreased with a longer interval from the date of onset of
symptoms to the date of the swab (data not shown; Ct increase
of 0.37 per day, 95% CI 0.27–0.50). After adjusting for this con-
founding factor, there was evidence of a lower viral load in
samples taken during the course of antiviral treatment compared
with those samples taken without any treatment (difference in Ct
1.28, 95% CI 0.90–1.64). Samples taken after the course of oselta-
mivir had been completed showed a lower viral load, measured by
RT–PCR, than when the sample was taken before antiviral agents,
but this was not statistically significant (difference in Ct 0.70, 95%
CI –0.26 to 1.65) (Figure 2). It should be noted, however, that the
number of samples taken after completion of oseltamivir was
low (n¼78).

Based on previous practical experience of the ability to re-
cover infectious virus from PCR-positive material, influenza
A(H1N1)pdm09 PCR-positive samples ,32 Ct were inoculated
into cell culture (n¼735). Virus was successfully isolated from
73.2% of samples that were taken without oseltamivir treatment

(186 that were culture positive, from 254 inoculated) compared
with 52.5% of samples taken during oseltamivir treatment (228
of which were culture positive, from 434 inoculated) (Figure 2).
Virus isolation was successful in 14.3% of samples taken after osel-
tamivir treatment had been completed (28 samples inoculated,
and 4 with virus isolated).

After adjusting for potentially confounding factors affecting the
likelihood of successful virus isolation, namely the time between
onset and swab date, swab date to date of receipt in the laboratory
and viral load (measured by the Ct value), there remained a statis-
tically significant reduction in virus isolation from samples taken
after oseltamivir treatment had been initiated or completed com-
pared with those taken before any treatment, with estimates
similar to the unadjusted estimates given above.

Genotypic antiviral susceptibility

The most common mechanism of oseltamivir resistance is a single
amino acid substitution, histidine to tyrosine at position 275
(H275Y) in the N1 neuraminidase. Screening for this H275Y substi-
tution was performed by pyrosequencing on a total of 1312 influ-
enza A(H1N1)pdm09-positive samples. Of the samples screened,
480 had been taken prior to any dose of oseltamivir, whereas
784 swabs were taken after 1–4 days of oseltamivir treatment
and 47 swabs after completion of therapy. Mixed virus populations
containing both oseltamivir-susceptible (His-275) and oseltamivir
-resistant virus (Tyr-275) were found in five NPFS patient samples,
ranging from 13% to 23% Tyr-275; four were taken after 1–4 days
of oseltamivir treatment and one from a patient who stated they
had not taken any oseltamivir (Table 2). Patients with resistant
quasi-species ranged from 5 years old to 50 years old, were from
different geographical locations and were detected between
week 36 and week 50 (Table 2). Todetermine the baseline incidence
in the community, samples from the sentinel GP scheme were also
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screened for H275Y (738 samples), one of which had a
quasi-species of H275Y at 18% Tyr-275; this had been taken in
week 44 from a 15-year-old child who had had no known antiviral
treatment or contact (Table 2). The number of patients with a
resistant virus quasi-species was not significantly higher in the
NPFS scheme than the sentinel GP scheme (P¼0.67, Fisher’s
exact test).

Phenotypic antiviral susceptibility testing

All influenza A(H1N1)pdm09 virus isolates with sufficient neuramin-
idase activity were assessed for NI susceptibility by phenotyping
with an enzyme inhibition assay. All isolates tested were susceptible
to both oseltamivir and zanamivir, with only five isolates exhibiting
IC50 values for oseltamivir higher the normal range for influenza
A(H1N1)pdm09 viruses (Figure 3). Of the 219 NPFS isolates tested,
48 were obtained from samples taken prior to any oseltamivir
therapy, 165 were from samples taken between 1 and 4 days after
starting oseltamivir therapy, and 4 were taken after oseltamivir
therapy had been completed. The four statistical outliers from the
NPFS scheme were from the ‘during treatment’ group. Full-length
neuraminidase sequencing did not identify any amino acid changes

betweentheseoutlier isolatesandtheircorrespondingoriginalclinical
material, or any no amino acid substitutions against reference proto-
typical influenza A(H1N1)pdm09 strain A/California/7/2009 that are
known to affect NI susceptibility. Virus was successfully isolated
from three of the samples with resistant quasi-species. The minority
H275Y quasi-species was maintained in the primary isolates for two
of the three samples, but no shift in IC50 was detected (Table 2).
This was consistent with previous experience with the fluorescence-
based enzyme inhibition assay that quasi-species making up ,25%
of the total virus population cannot be phenotypically detected.11

Again, to determine any difference from baseline virus NI susceptibil-
ity in the untreated community, IC50 values from the NPFS-derived
isolates were compared with those from 156 isolates from the senti-
nel surveillancescheme (untreated) (Figure 3). Overall, theIC50 values
of both oseltamivir and zanamivir were similar between the two
schemes—NPFS and sentinel primary care practitioners (Figure 3).

Discussion
The NPFS assessed patients using a clinical algorithm, authorized
the collection of oseltamivir and provided an opportunity to coord-
inate self-sampling of suspected influenza A(H1N1)pdm09 cases in

Table 2. Patients with oseltamivir-resistant H275Y quasi-species

Patient
Age

(years)
Sample

week Region

Quasi-species percentage
with Tyr-275 (+SD)

Phenotypic susceptibility
(IC50, nM+SD)

Therapy start to
swab (days)

Onset to
swab (days)

clinical
specimen

cultured
isolate OST ZAN

1 50 36 East of England 20.4 (+1.34)a NA ND ND 2 5
2 40 42 East of England 22.9 (+4.52) 275H only 1.02 (+0.56) 0.64 (+0.27) 3 4
3 8 46 East Midlands 15.9 (+4.82) 12.2 (+1.48) 0.62 (+0.13) 0.43 (+0.12) 3 2
4 5 49 London 14.8 (+1.80) 13.4 (+0.85) 0.98 (+0.24) 0.51 (+0.11) 2b 3
5 5 50 South East 12.6 (+1.22) NA ND ND 0 4
Sentinel GP 15 44 West Midlands 17.8 (+0.85)a NA ND ND 0 NK

NA, not available; ND, not done; NK, not known; OST, oseltamivir; ZAN, zanamivir.
aMean of two tests as there was insufficient material to perform a third.
bThe patient took only one dose and then stopped due to adverse events (vomiting).
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the community for virological surveillance. A subset of NPFS patients
were issued with self-sampling kits, and the majority of these took
their nasal swab after having begun oseltamivir treatment.

We were able to detect virus by RT–PCR in the self-taken
samples (NPFS derived) and were also able to recover infectious
virus from a high proportion of RT–PCR-positive NPFS samples, en-
abling further virological characterization, namely genotypic and
phenotypic antiviral susceptibility testing, in this study. The issue
and return of self-sampling kits via the postal service is therefore
a viable system under which to operate a virological surveillance
scheme, with the flexibility to respond to changing circumstances.
Previously, small-scale clinical studies have used self-sampling as a
low-cost means of collecting samples from patients enrolled while
admitted to hospital but subsequently discharged.13,14 Self-
sampling schemes could therefore be employed in target popula-
tions where a sentinel GP network was not available, and they are
scalable in response to an outbreak.

The delivery of antivirals through the NPFS enabled the early
antiviral treatment of many individuals with symptomatic influ-
enza. NI treatment was found to significantly reduce the likelihood
of a severe outcome during the pandemic in those patients who
were subsequently admitted to hospital,15 and in some observa-
tional studies, early antiviral treatment was shown to reduce the
duration of illness and the risk of hospitalization.16,17 Prompt anti-
viral treatment was also shown to reduce household transmission
of the influenza A(H1N1)pdm09 virus during the containment
phase of the pandemic in the UK.18 In our study of NPFS-derived
samples, significantly lower virus isolation rates were achieved
from samples taken after oseltamivir treatment had been initiated
or completed compared with those taken before any oseltamivir
had been taken, even after adjusting for factors such as the
length of time from the onset of symptoms to the swab date
to receipt of the sample in the laboratory, and estimated viral
load as measured by Ct value. Although this study was not
designed to measure the clinical impact of oseltamivir treatment,
these results are suggestive of lower live virus shedding in
oseltamivir-treated individuals, which would have an effect on
the duration of symptoms, illness severity and transmission of
the virus.

In New Zealand, oseltamivir has been available without prescrip-
tion through pharmacies since 2007.19 Despite criticisms of such a
system,comparable insomerespectstotheNPFSsystemofoseltami-
vir delivery, they do represent a method of supplying antivirals rapidly
topatientswhenother facetsof thecountry’shealthcaresystemmay
be under strain due to an increasing epidemic or pandemic.

Emergence of the influenza A(H1N1)pdm09 virus with the
H275Y mutation, which confers oseltamivir resistance, did occur
under drug pressure in a low percentage of community patients
(four patients; 0.3%) and in two patients who were not receiving
drug treatment (0.1%), although none contained .30% of resist-
ant virus. The overall rate of detection of resistant virus in the
oseltamivir-treated NPFS scheme was not significantly greater
than in the untreated population from the sentinel scheme
(0.13%, P¼0.67, Fisher’s exact test). Two samples containing a mi-
nority proportion of the oseltamivir-resistant virus (one from the
NPFS scheme and one from the sentinel scheme) were taken
from children prior to oseltamivir treatment during the second
pandemic wave in the UK. There is no information to suggest
these children had been exposed to antivirals, but oseltamivir
was being used extensively during this period.

The clinical significance of mixed susceptible/resistant virus popu-
lations is not known. Influenza A(H1N1)pdm09 virus with the H275Y
substitution does not cause more severe disease than the susceptible
virus.20 While the level of transmissibility of the H275Y oseltamivir-
resistant A(H1N1)pdm09 strain varies in different in vivo transmission
models, none to date has indicated that the resistant strains are any
more transmissible than the susceptible strains.21–24 There have,
however, been documented episodes of transmission involving the
H275Y-containing A(H1HN1)pdm09 viruses in both immunocom-
promised25,26 and immunocompetent patients.27 These transmis-
sion events have all occurred in close-contact settings, specifically
hospitals and school camps. More recently, this resistant virus has
been identified in otherwise healthy individuals with no epidemio-
logical links,28–30 which highlights the need for robust community
surveillance of antiviral susceptibility.

There are ,2-fold differences in the range of IC50 values from
primary care and the treated/untreated NPFS groups. A WHO la-
boratory expert working group recently defined a fold-difference
of .10 as indicating a reduction in susceptibility in vitro.31 The
,2-fold changes we have demonstrated in this study are unlikely
to have clinical significance. Phenotypic susceptibility testing
remains, however, critical for robust antiviral susceptibility surveil-
lance, as genotypic assays are limited to screening for known and
characterized resistance mechanisms.32 Several amino acid sub-
stitutions in the influenza viral neuraminidase have been reported
to cause reductions in susceptibility to NIs, many of which are
subtype dependent. Not all mechanisms of generating resistance
are therefore known, particularly in the case of a newly emerging
virus, as in the case of a pandemic. One limitation of this study is
that we screened for only the H275Y mutation, and other amino
acid substitutions that have been shown to cause a reduced sus-
ceptibility of the influenza A(H1N1)pdm09 virus to one or more
NIs, such as at position 223, were not screened for, due to their
comparatively infrequent incidence in global surveillance.33

Community-based virological surveillance schemes typically
centre on sentinel GP networks where samples are usually taken
on presentation of an ILI to the primary care facility. Usual practice
in GP-based sampling is for swabbing to occur prior to any treat-
ment. Surveillance samples from hospital sources can include
post-treatment samples and, in some cases, sequential samples
over the duration of treatment. However, information such as
treatment historyand underlying conditions contributing to the se-
verity of the illness is often gathered retrospectively on patients
from these sources, which is both difficult and time consuming.
The virological study of self-taken samples from the NPFS therefore
provided a unique opportunity to evaluate the emergence of osel-
tamivir resistance in treated individuals in the community with
mild illness, a target population that is not typically captured
through traditional sentinel GP or hospital-based sampling.

The sentinel RCGP/HPA seasonal sampling scheme has been
considered to be the ‘gold standard’ for community-based influ-
enza sampling in England over the last 15 years,9 the advantage
of GP sampling being the continuous operation over each winter
season, with a capacity for enhancement in special circumstances
such as pandemic activity in the summer months. Recent
advances in the sentinel sampling scheme now enable the collec-
tion of information on comorbidities, antiviral treatments and co-
dified laboratory reports in a systematic fashion, thus facilitating
further epidemiological analysis of the data. The development
of vaccine effectiveness monitoring programmes, able to collect
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within-season estimates of vaccine effectiveness, are an example
of how, with appropriate development, GP sampling can expand
and provide further public health benefit. To maximize the oppor-
tunity to gather future data on the effectiveness of the antiviral
treatment of seasonal influenza, GPs could be asked to take the
samples at a specific point in the course of the therapy, or to take
sequential samples over time, but self-sampling offers an alterna-
tive opportunity to acquire these specimens without placing a
further burden on GP practices.

The combination of self-sampling and the provision of antivirals
through this new healthcare delivery system not only enhanced
community surveillance to detect influenza A(H1N1)pdm09,
but also offered an innovative opportunity to perform antiviral
susceptibility monitoring. The key feature of the NPFS scheme was
its ability to sample a large number of individuals after treatment
had been initiated, giving a cross-sectional community population-
based approach to monitoring the emergence of antiviral resistance.

Since the pandemic, an evaluation of the NPFS system has been
undertaken from the viewpoint of healthcare professionals and
service users, which sets out a number of points for improve-
ment.34 From the laboratory perspective, with particular respect
to the surveillance of antiviral susceptibility, the clinical algorithm
used to assess patients should be revised to improve clinical
safety (e.g. by ruling out other pathogens), and this would need
to evolve in any future use, as more is understood about the
nature of the pandemic virus and its symptoms. Continual low-
level sampling throughout the year would enable the development
of baselines for positivity rates and antiviral susceptibility levels to
help with interpreting data collected during a pandemic.

For this study, testing of NPFS samples for the detection of virus
by RT–PCR was performed as soon as possible after the samples
had arrived throughout the pandemic period, whereas the antiviral
susceptibility testing was performed retrospectively. As robust
laboratory capacity was improved in terms of trained staff and
high-throughput equipment, the timeliness of genotypic antiviral
susceptibility testing of the NPFS samples increased to within
1–2 weeks after influenza A(H1N1)pdm09 detection had been
confirmed, but the more labour-intensive phenotypic testing was
beyond the laboratory’s capacity until the flow of samples had
reduced towards the end of the second pandemic wave. As long
as laboratory capacity is such that samples can be processed as
they arrive, our study shows that self-sampling schemes like the
NPFS are able to function as an early warning system for emerging
resistance in treated community patients, despite the 1–2 day
delay that results from sample kits being issued to the patient at
the point of clinical assessment, rather than the sample being
taken directly by the healthcare professional, as would be the
case in a sentinel scheme.

It is not envisaged that self-sampling on this scale would be
considered for routine seasonal influenza surveillance; however,
in the event of a future pandemic where the provision of healthcare
services changed, self-sampling could again provide an opportun-
ity to enhance the public health management of the disease.
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