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To enhance surveillance for influenza-like illness (ILI)
in Denmark, a year-round electronic reporting system
was established in collaboration with the Danish med-
ical on-call service (DMOS). In order to achieve real-
time surveillance of ILI, a checkbox for ILI was inserted
in the electronic health record and a system for daily
transfer of data to the national surveillance centre was
implemented. The weekly number of all consultations
in DMOS was around 60,000, and activity of ILI peaked
in week 46 of 2009 when 9.5% of 73,723 consultations
were classified as ILI. The incidence of ILI reached
a maximum on 16 November 2009 for individuals
between five and 24 years of age, followed by peaks
in children under five years, adults aged between 25
and 64 years and on 27 November in senior citizens
(65 years old or older). In addition to the established
influenza surveillance system, this novel system was
useful because it was timelier than the sentinel sur-
veillance system and allowed for a detailed situational
analysis including subgroup analysis on a daily basis.

Introduction

In most industrialised countries, surveillance for influ-
enza-like illness (ILI) is carried out by networks of
sentinel general practitioners or clinics. Data from sen-
tinel surveillance, in combination with virological data,
constitute the basis for influenza surveillance, and
has for many years proven to be of value [1]. However,
the sentinel surveillance systems have limitations. In
most countries, participation in the system is volun-
tary and it requires time and commitment for a general
practitioner to report on a regular basis. Due to a lim-
ited number of active sentinel practitioners, analysis
of trends and differences by subgroups such as age
or geography may also be imprecise. Furthermore,
reporting from sentinel practitioners is often done on
a weekly basis and only during the influenza season.
Finally, the Danish sentinel system, as organised at the
present, has delays due to mail delivery from the sen-
tinel practices to the surveillance institute and other
practicalities [2,3].

To enhance influenza surveillance, a year-round sim-
ple electronic reporting system was established in
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Denmark in collaboration with the Danish medical on-
call service (DMOS). Nearly real-time surveillance of
ILI was achieved by a simple checkbox for ILI inserted
in the electronic health record. This system was first
established in 2006 and covered the entire country in
2008. This paper describes the DMOS surveillance sys-
tem and reports data from the influenza A(H1iN1)2009
pandemic from May 2009 to January 2010 where this
surveillance system allowed a risk assessment of ILI
trends on a daily basis.

Methods

DMOS is a national public medical service replacing
the function of the general practitioners after opening
hours. On weekdays, this service is open for attend-
ance from 4 pm to 8 am, and during weekends and
national holidays on a 24-hours basis. The service is
staffed by physicians, mainly general practitioners.
DMOS can only be contacted by telephone. The duty
officer will either give advice on the phone, make an
appointment for a consultation (at the nearest public
clinic staffed by DMOS or a home visit, depending on
the circumstances), or refer for admission to hospital.

All contacts are registered in a single national com-
puter system. In the electronic health record, demo-
graphic data are registered in a structured format, but
the medical history, diagnosis and actions taken are
recorded in a free text format. In agreement with the
on-call physicians and the Danish Medical Association,
the computer system was in 2006 modified when a
checkbox for ILI was added in the userinterface of the
data system. It has a ‘mouse-over’ function presenting
the ILI definition. When the ILI checkbox is marked, the
following text with the ILI definition is automatically
entered in the unstructured text field: ’Influenza-like
illness (IL1): sudden onset of fever, muscle pain, head-
ache and respiratory symptoms’. The cursor is placed
after this text, and the physician may enter additional
clinical information. With this simple improvement it
became possible to obtain structured data on ILI with-
out interfering with the routines of the physicians. In
our definition of ILI all three symptoms must be present
in order to increase the specificity of the diagnosis.
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On a real-time basis, data are transferred to a com- uploaded on Monday includes activities from Friday, 4

mon external server. On working days, a surveillance pm to Monday, 8 am.

data extract is transferred daily to the national pub-

lic health institute for infectious diseases (Statens The data file contains the following information on
Serum Institut). Data are available before 1 pm. The file each contact: time of contact, ILI (yes/no), age in
FIGURE 1

Contacts to the on-call medical service and influenza-like illness cases, per week, Denmark, 2008-2010
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FIGURE 2

Age-specific incidence of influenza-like illness cases per day, medical on-call service, Denmark, 15 October -
20 December 2009
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months, sex, residence of patient (postal code), geo-
graphical region of the reporting DMOS physician,
type of contact: call, followed by consultation, doctor’s
visit to the home of the patient, or hospital admission.
When a patient contacts the on-call service more than
once during one working period, only one record is
generated and the information on action taken is the
last action taken (e.g. visit to a clinic or admission to

TABLE

hospital). No personal information on individuals is
transferred through this system.

At Statens Serum Institut, data are stored in a SQL
database and analysed to obtain the incidence rate of
ILI and the proportion of patients with ILI of all patients
managed (consultation percentage). The results are
analysed by age group and geographical region.
During the peak influenza period, a seven-day moving

Referral of patients with influenza-like illness to consultation at a clinic or hospital during seasonal influenza 2008/09 and
summer and autumn waves of influenza A(HIN1)2009, Denmark, 2008-2010

Patients with influenza-like illness

Total

Relative risk (95% Cl) ¢

Referred to consultation, Number (%)

Seasonal influenza® 9,158 4,321 (47) 1 (reference)
Summer wave ° 6,094 1,599 (26) 0.57 (0.54 10 0.61)
Autumn wave® 29,735 8,390 (28) 0.62 (0.60t0 0.64)

Cl: confidence intervals.

28 December 2008 to 15 March 2009.

® 13 July to 11 October 2009.

¢12 October 2009 to 18 April 2010.

4 Adjusted for age by Poisson regression analysis.
Source: Danish medical on-call service.

FIGURE 3

Weekly incidence of influenza-like illness cases, Denmark, 2009-2010
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The left y-axis represents cases recorded by the Danish medical on-call service.
The right y-axis represents the number of laboratory-confirmed infections with influenza A(H1N1)2009 virus.

www.eurosurveillance.org



average was presented daily on the website of Statens
Serum Institut. Furthermore, a weekly report based
on data aggregated over a full week were presented
along with data from sentinel surveillance and virologi-
cal data from the weekly influenza bulletin published
every Wednesday on the Statens Serum Institut web-
site. Because the system was recently implemented,
we have not yet established a historical baseline and
epidemic thresholds for these outcome measures.

The data were compared by visual inspection with
national data of laboratory-confirmed influenza
A(H1iN1)2009 and with data from the sentinel surveil-
lance which during the autumn comprised informa-
tion from approximately 250 general practitioners. We
calculated the number of calls that were followed by
referral to a consultation (defined as consultation at a
public clinic, doctor’s visits to patients’ homes, or hos-
pital admission), and compared the proportion of calls
that resulted in a consultation between ILI registered
during the periods of influenza A(HiN1)2009 transmis-
sion and seasonal influenza in the season 2008/09
(referral rates’). Because patients were younger in
the influenza A(HiN1)2009 pandemic than in seasonal
influenza, the referral rates were adjusted for age by
Poisson regression (age in five-year groups as cate-
gorical variables). We used the GENMOD procedure of
the SAS statistical software (SAS institute, Cary, NC,
United States of America).

We developed an application available on the website
of Statens Serum Institut showing the spatial distri-
bution of ILI in Denmark and the timeline of the pan-
demic [4]. A geographic information system (GIS) was
applied to show the temporal-spatial development of
ILI cases as well as the proportion of consultations
with ILI diagnosis. Graduated colours of regions were
used to show the proportion of consultations based on
DMOS location and proportional circles were used to
indicate the number of cases per geographic unit (post
districts) based on the home address of the patients.
The ILI activity monitored by the DMOS was reported
to the public on the website of Statens Serum Institut
and the Danish public service broadcasting company
(Danmarks Radio) on a weekly basis with ILI incidence
graphics and maps of ILI incidence in different regions
of Denmark. Geographic maps were produced with
ArcGIS 9.3, ESRI and the time graphic with Emprise
JavaScript ChartsTM, Emprise Corporation.

In this paper, we report data from calendar week 30
of 2008 (starting on 21 July 2008) to week 15 of 2010
(last day included is 18 April 2010). The dataset con-
tained information on about 5.7 million contacts over
91 weeks.

Results

The median weekly number of contacts to the DMOS
was 60,029 corresponding to 1,089 contacts per
100,000 population. Peak activities were seen around
winter holidays (with a maximum of 120,535 contacts in
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week 52 of 2008 and 95,080 in week 1 of 2009), Easter
(96,586 contacts in week 13 of 2009) and in the Danish
public holidays that follow Easter (Figure 1).

The proportion of cases with ILI ranged from 0.05% in
week 30 of 2008 to 9.5% in week 46 of 2009, which
coincided with the peak of the autumn wave of the influ-
enza A(H1N1) 2009 pandemic. In the peak week, 6,987
of 73,723 contacts were classified as ILI. Increase in
the proportion of ILI cases was additionally seen dur-
ing periods with seasonal influenza in the beginning
of 2009 (maximum 1.9% in week 3, 2009). A peak in
ILI activity was also noted in the late summer of 2009
when cases of influenza A (HiN1)2009 were imported
to Denmark, but only limited domestic transmission
occurred. In this summer wave, a maximum activity of
1.3% was observed in week 36 of 2009.

Figure 2 shows the daily age specific incidence (seven-
day moving average) of ILI in the period from 15 October
to 20 December 2009. Age specific peaks appeared
from 16 to 27 November 2009 (weeks 47 and 48).

In children aged between five and 14 years, the inci-
dence increased from 0.9 per 100,000 population (n=6)
on 17 October to a peak of 57 per 100,000 population
(n=387) on 16 November 2009. On the same day, there
was a peak in the incidence of cases among individuals
aged between 15 and 24 years (18 per 100,000 popula-
tion, n=396). The incidence in children under five years
of age peaked on 20 November (68 per 100,000 popu-
lation, n=222), in adults aged between 25 and 64 years
on 24 November (5 per 100,000 population, n= 68),
and persons aged 65 years or more on 27 November (2
per 100,000 population, n=17).

In order to examine referral rates, the data were ana-
lysed according to three time periods determined
according to influenza transmission: seasonal influ-
enza (8 December 2008 to 15 March 2009), influenza A
(H1N1)2009 summer wave (13 July to 11 October 2009),
and autumn wave (from 12 October 2009 to 18 April
2010) (Table).

Referral rates were highest for seasonal influenza
(47%), whereas only 26% and 28% were referred for
consultation during the two pandemic waves. Patients
were younger in the autumn wave of the pandemic than
in the seasonal influenza period: median age (inter-
quartile range) was 27 years (11 to 41 years) in the
seasonal influenza period, 27 years (15 to 40 years) in
the summer peak and 15 (6 to 32 years) in the autumn
peak. We therefore adjusted for age by Poisson regres-
sion and time period remained independently associ-
ated with referral rate (Table).

Figure 3 shows overall incidence of ILI in the senti-
nel practices (adjusted for number of reporting senti-
nel practices), incidence of ILI in DMOS as well as the
number of laboratory-confirmed cases of influenza



A(H1N1)2009 reported to the Department of Virology,
Statens Serum Institut.

The incidence of ILI was higher in the sentinel system
than in the DMOS. In both systems, marked increases
in incidence were observed in week 45 and the peak
appeared a week earlier in the DMOS compared with
the sentinel surveillance. Thus, the peak incidence
in DMOS was in week 46 of 2009 with 128 cases per
100,000 population whereas the peak incidence in the
sentinel system was 432 cases per 100,000 population
in week 47. The latter estimate was based on 1,864
reports from 288 practices extrapolated to the total of
3,655 general practitioners in Denmark. For compari-
son, the incidence of laboratory-confirmed cases of
influenza A(HiN1)2009 peaked in week 46 with 1,472
cases (27 cases per 100,000 population).

Discussion

During the 2009 pandemic, the DMOS provided valua-
ble real-time and detailed information on ILI-incidence
in different age groups and geographical areas. The
surveillance data were updated each week. However
daily updates were used during the autumn wave of the
pandemic, as illustrated in Figure 2. This enabled us to
provide timely data to policy makers and health author-
ities. In particular, they were able to get an overview of
the influenza activity during the previous day whereas
the sentinel system had more than a week delay. To our
knowledge, this is the first year-round, real-time elec-
tronic syndromic influenza surveillance system with
national coverage that is based on reports provided
by physicians. The surveillance system had several
advantages among which the automatic data transfer
and the daily reporting were the most important. The
fact that it was added to an existing administrative
system, made it simple to establish and maintain and
can therefore be considered as an efficient approach to
syndromic surveillance.

Other systems for influenza surveillance, including tra-
ditional surveillance for consultation of general prac-
titioners for ILI or acute respiratory infections within
their working hours, ambulance dispatches [5,6] and
hospital admissions [7,8], may in emergencies or in
times of lack of resources become ‘saturated’. It is
obvious that such systems have limited capacity (for
instance, the number of ambulance dispatches will be
limited by the number of ambulances and ambulance
drivers, and people will find alternative ways to get to
hospital during crisis). General practitioners often have
a very busy schedule of planned visits and may only
have a small number of slots open for acute illnesses.
By contrast, the public on-call service is more flexible.
There are by definition no planned visits and capacity
may be increased by calling in standby medical doc-
tors and adding more telephone lines. This may be one
of the reasons that the signal from the on-call service
came earlier than in the sentinel surveillance (Figure
1). However, it is also possible that there are differ-
ences in the characteristics of the patients (including

age) who use the two systems and that this contributes
to a later peak in the sentinel system. Importantly, we
were able to demonstrate that the peak in the virologi-
cal surveillance corresponded well with the peak in the
DMOS system.

Another possible useful source for influenza surveil-
lance are web queries [9,10]. Web queries have the
advantage of being cost-effective and timely and
may serve as an early indication of unusual activity.
However, since they are based on lay reporting, data
are more subjective than the present system which
has both the advantage of being very timely and auto-
mated while still based on evaluation by medical staff.
An interesting development of influenza surveillance is
Gripenet and related surveillance schemes consisting
of cohorts of volunteers reporting ILI cases on a reg-
ular basis on the Internet [11]. Gripenet is a fast and
flexible monitoring system whose uniformity allows for
direct comparison of ILI rates between countries and
is useful for assessing the burden of illness. However,
it requires more commitment from administrative staff
and participants than does DMOS system and cases
are not evaluated by medical staff.

Nevertheless, the DMOS system has its limitations. As
opposed to the sentinel system, there are no virological
data from the on-call physicians. Therefore, it cannot
replace the sentinel system. Furthermore, sentinel doc-
tors are committed to influenza surveillance, whereas
the on-call service is staffed by a larger group of phy-
sicians with different knowledge and attitude towards
influenza surveillance. Although the novel system was
promoted in the regions that administer the DMOS, we
have no formal evaluation of its use and the complete-
ness of reporting.

The emergence of influenza A(HiN1)2009 outside the
normal 2009/10 influenza season, the high morbidity,
the high burden of illness in children and young adults,
and the occurrence of several waves are all character-
istics of a pandemic [12]. The system described here
was sufficiently sensitive to be able to detect different
peaks for different age groups, and we hope that such
detailed data will be of value to obtain more detailed
knowledge on the pandemic. As shown in the Table,
patients with pandemic influenza were less frequently
referred to consultation or admitted to hospital than
patients with seasonal influenza in the 2008/09 sea-
son. This confirms that in most patients, the clinical
presentation in the 2009 pandemic was mild [13-15],
but may also reflect that the public may have been
concerned with the situation and that the threshold
for contacting the healthcare system was lower than in
periods with seasonal influenza, with the on-call phy-
sicians being the most accessible professionals. From
July 2009, the Danish National Board of Health advised
the public to use the telephone for getting in contact
with the healthcare system and to restrict physical
consultations in order to limit the spread of influenza
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A(H1N1)2009. A relatively low referral rate may reflect
that this advice was often followed [16].

In conclusion, we established a simple, yet comprehen-
sive and timely, system that allowed us to follow the
incidence and consultation percentage of ILI during the
autumn of 2009 when pandemic influenza peaked in
Denmark. The system allowed for a detailed situational
analysis and was useful for the health authorities’
response to the pandemic, including risk communica-
tion. We propose that other countries explore the pos-
sibility of establishing such a system which may also
be of relevance for other public health threats.
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Following the confirmation of the first two cases of
pandemic influenza on 27 April 2009 in the United
Kingdom (UK), syndromic surveillance data from the
Health Protection Agency (HPA)/QSurveillance and
HPA/NHS Direct systems were used to monitor the
possible spread of pandemic influenza at local level
during the first phase of the outbreak. During the early
weeks, syndromic indicators sensitive to influenza
activity monitored through the two schemes remained
low and the majority of cases were travel-related. The
first evidence of community spread was seen in the
West Midlands region following a school-based out-
break in central Birmingham. During the first phase
several Primary Care Trusts had periods of exceptional
influenza activity two to three weeks ahead of the
rest of the region. Community transmission in London
began slightly later than in the West Midlands but
the rates of influenza-like illness recorded by general
practitioners (GPs) were ultimately higher. Influenza
activity in the West Midlands and London regions
peaked a week before the remainder of the UK. Data
from the HPA/NHS Direct and HPA/QSurveillance sys-
tems were mapped at local level and used alongside
laboratory data and local intelligence to assist in the
identification of hotspots, to direct limited public
health resources and to monitor the progression of
the outbreak. This work has demonstrated the utility
of local syndromic surveillance data in the detection
of increased transmission and in the epidemiologi-
cal investigation of the pandemic and has prompted
future spatio-temporal work.

Introduction

The first two cases of pandemic influenza in the United
Kingdom (UK) were confirmed in Scotland on 27 April
2009 [1]. Initially UK policy was to contain the spread
of the virus and during the early stages the main focus
of surveillance was on virologically confirmed cases.
This containment policy continued until 2 July when the
Government announced that due to further spread of
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the disease the UK was moving to a treatment (mitiga-
tion) phase [2]. A key factor in this decision was the
presence of sustained community transmission. Data
from a range of national surveillance systems, includ-
ing syndromic surveillance data, were used during the
pandemic to assess when the change from sporadic
cases to more widespread community transmission
occurred.

Syndromic surveillance systems monitor generic symp-
toms and/or clinically diagnosed disease in order to
provide timely information at an earlier stage of illness
(compared to laboratory-confirmed diagnosis) [3]. Data
are captured electronically, often using information col-
lected for other purposes, to create large datasets that
can be analysed rapidly, some systems being able to
provide daily data. Some systems are well established,
for example the Royal College of General Practitioners
Weekly Returns Service has many years of historical
data that can be used to monitor longer-term disease
trends [4,5]. Syndromic surveillance can provide early
warning of, for example, seasonal rises in influenza
and norovirus infections and can trigger appropriate
public health action but can also be used to alert to
unexpected events such as an unusual rise in illness
that could indicate an outbreak [6,7].

This paper describes the early spread of influenza-like
illness (ILI) at Primary Care Trust (PCT) level during the
first phase of the 2009 influenza pandemic using data
from national syndromic surveillance systems, with
a particular focus on West Midlands and London, the
areas initially most affected, in order to identify the
point when sustained community transmission began.

Methods

HPA/NHS Direct surveillance system

NHS Direct is a 24-hour nurse-led telephone helpline
that provides health information and advice to the

www.eurosurveillance.org



general public [8]. To handle the calls, nurses use a
computerised clinical decision support system that
uses symptom-based clinical algorithms. Nurses
assign the call to the most appropriate algorithm
and the patient’s symptoms determine the questions
asked and the action to be taken following the call,
which could be guidance on self-care or referral to
their general practitioner (GP) or advice to attend a
hospital emergency department. Anonymised data on
the number of calls for key algorithms are sent to the
Health Protection Agency (HPA) Real-time Syndromic
Surveillance Team every day for surveillance pur-
poses. As the number of daily calls to NHS Direct var-
ies, indicators are expressed as the percentage of calls
for that algorithm using all NHS Direct calls as the
denominator. The algorithms for cold/flu, cough, fever,
and difficulty breathing were monitored during the
2009 influenza pandemic on a daily basis. Due to the
increasing number of calls received by NHS Direct an
additional ‘swine flu’ algorithm was introduced, which
was included in the cold/flu calls in order to capture all
pandemic related calls.

Call data for cold/flu were mapped by postcode district
in the West Midlands region, following an outbreak of
pandemic influenza A(H1iN1)2009 in a primary school
[9], and also in London following an increase in the
number of cases in early June.

FIGURE 1

HPA/QSurveillance system

The HPA/QSurveillance system was set up by the
University of Nottingham and Egton Medical Information
Systems (EMIS; a supplier of general practice compu-
ter systems) in collaboration with the HPA [10,11]. Over
3,400 general practices with over 23 million patients
submit data to the QSurveillance database, covering
about 38% of the UK population. Aggregated data on
GP consultations for a range of indicators are automati-
cally uploaded daily from GP practice systems to a cen-
tral database. Consultation data are based on clinical
diagnoses that are recorded as codes on the practice
system. Indicators, for example ILI, are defined as col-
lections of clinical diagnosis codes. The surveillance
system usually produces weekly reports, but daily
reports were also provided throughout the pandemic
period. Data are available at national, regional and PCT
level.

Daily data for ILI, pneumonia, upper respiratory tract
infection (URTI), lower respiratory tract infection (LRTI),
ILI with antiviral drugs prescribed, and pneumonia with
antibiotics prescribed were monitored during the pan-
demic. Daily ILI data were mapped by PCT, initially only
for the West Midlands and London regions, and later
also for other regions when the local ILl rates increased.
Weekly mapping at PCT level was later extended to all
PCTs in England and continued through the second
pandemic wave during the winter of 2009/10.

NHS Direct cold/flu calls for West Midlands and London, summer 2009
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The ILI indicator is a group of clinical diagnosis codes
recorded by GPs during routine consultations and is
widely used as a proxy for community-based influ-
enza activity [12,13]. In order to compare ILI rates with
the seasonal influenza activity experienced in a nor-
mal winter season estimated thresholds for daily and
weekly HPA/QSurveillance data were developed and
used to interpret ILI data included in surveillance bul-
letins and PCT maps [11]. All maps were drawn using

FIGURE 2

HPA/QSurveillance general prctitioner consultation rate
for influenza-like illness in Primary Care Trusts in the
West Midlands (A) and London (B), summer 2009
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HPA/QSurveillance system influenza-like illness thresholds

[11]: baseline influenza activity: below 20 per 100,000; normal
influenza activity: 20-70 per 100,000; above average influenza
activity: 70-130 per 100,000; exceptional influenza activity: 2130
per 100,000
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Maplnfo Professional version 9.5. In this paper data
are presented from week 21 in 2009 (week commenc-
ing 18 May), when the first school outbreak occurred in
Birmingham, to week 34 in 2009 (week commencing 17
August), when UK ILI rates returned to baseline activ-
ity, to demonstrate the progression of the first wave
of the influenza pandemic in the UK. This period coin-
cides with the treatment only phase of the outbreak
that began on 2 July (in week 27, the week commencing
29 June).

The HPA routinely analyse and monitor syndromic
data throughout the year. From the start of the pan-
demic the HPA Real-time Syndromic Surveillance Team
used daily outputs from the HPA/NHS Direct and HPA/
QSurveillance systems to monitor a range of indicators
that might suggest wider community transmission of
pandemic influenza A(H1iN1)2009, and were also used,
along with laboratory data and local intelligence, to
help identify hotspots, areas of particularly high influ-
enza activity and of rapid increase in influenza rates.
Data at national, regional (Strategic Health Authority),
local health district (PCT), and postcode district level
were included in daily bulletins distributed to the HPA,
the Department of Health, the National Health Service
(NHS) and the Government.

Results

The first suggestion of community spread was seen in
the West Midlands region following an outbreak in a
primary school in the Heart of Birmingham PCT where
the first case of pandemic influenza A(H1N1)2009 was
confirmed during week 21, 2009 [9]. The cold/flu call
data from the HPA/NHS Direct system and the PCT
level data from the HPA/QSurveillance system showed
two distinct peaks of pandemic influenza activity in
the West Midlands (Figures 1 and 2). NHS Direct cold/
flu calls for the West Midlands showed an early rise
in calls that peaked in week 26 (week commencing
22 June). There was a second peak in both systems in
week 29 (week commencing 13 July). These peaks were
respectively four weeks and one week ahead of the
national peak in week 30 (week commencing 20 July). In
the HPA/QSurveillance system, GP consultation rates
for ILI showed that the early increase was accounted
for by four PCTs: Heart of Birmingham, where the ini-
tial school outbreak occurred, and the three surround-
ing PCTs, Birmingham East and North, Sandwell, and
South Birmingham. By week 26, all four had reached
exceptional levels of influenza activity (above 130
consultations per 100,000) except South Birmingham
which reached this level in week 27.

Community transmission in London started slightly
later and showed a different pattern, with HPA/NHS
Direct and HPA/QSurveillance systems both showing
a single peak in week 29, the same week as the West
Midlands peak, one week ahead of the national peak
(Figures 1 and 2). HPA/QSurveillance ILI rates reached
exceptional levels in the Tower Hamlets PCT and the
City and Hackney PCT in week 27, and the majority of

www.eurosurveillance.org
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London PCTs simultaneously peaked in week 29. The
peak ILI rates in London were generally higher than
those seen in the West Midlands, with the highest ILI
rates recorded in the Tower Hamlets PCT (792.4 per
100,000 in week 29).

HPA/NHS Direct cold/flu calls were mapped by post-
code and HPA/QSurveillance ILI data were mapped
by PCT to monitor the geographical spread of the out-
break, in order to assist in the identification of hotspot
areas and in the outbreak management, and in direct-
ing public health resources (Figure 3). On 19 June 2009
sustained community transmission was declared in the
PCTs Birmingham East and North, Heart of Birmingham,
South Birmingham, and Sandwell due to high numbers
of confirmed cases that were predominantly not travel-
related [11], school absenteeism, high GP consultation
rates (HPA/QSurveillance system) and high numbers of
calls to NHS Direct.

Discussion

We used syndromic surveillance systems to track the
progress of pandemic influenza A(HiN1)2009 in the
UK on a daily basis and were able to show the early
stages of community transmission at a local level in
the West Midlands and London. These systems were
key in defining the start of community transmission.
The first evidence of sustained community transmis-
sion was seen in the West Midlands. Influenza activity
in the West Midlands and London peaked a week ahead
of the rest of the UK. Although this hasn’t been for-
mally analysed, we can say empirically that there was
considerable agreement between data from the HPA/
NHS Direct and HPA/QSurveillance systems, however
NHS Direct call data showed an increase a week earlier
than the GP consultation data in the HPA/QSurveillance
system, confirming the usefulness of NHS Direct as an
early warning of outbreaks [6].

HPA/NHS Direct call data were mapped at postcode
level and HPA/QSurveillance data were mapped at
PCT level. Such maps were used by those manag-
ing the incident at national, regional and local levels.
Syndromic surveillance data from both systems, along
with laboratory data and local intelligence, helped
identify hotspots in the early stages of community
transmission, and monitor the progress of the outbreak
at local level. The data were included in surveillance
bulletins and thus influenced the local management of
the pandemic.

Limitations of the data

Although the HPA/QSurveillance system has good cov-
erage in England, there are variations in coverage at
local level. The QSurveillance database only collects
data from GP practices that use the EMIS practice infor-
mation system; the coverage at PCT level can therefore
vary depending on the number of practices that use
that system. Data at PCT level are suppressed if fewer
than three practices report to the system in order to

www.eurosurveillance.org

preserve the anonymity of patients and practices; data
were unavailable for one PCT in London for this reason.

It has been shown that older people and ethnic minori-
ties are less likely to use NHS Direct [14]. While this
does not substantially affect the usefulness of regional
and national data, this would be important at postcode
level and could potentially be a cause of under-report-
ing for example in a district with a high ethnic minority
population. In the context of our study, age was con-
sidered a less important limitation because pandemic
influenza A(H1N1)2009 predominately affected younger

age groups [15].

The peak of the first wave of the pandemic in the UK
in week 30 coincided with the launch of the National
Pandemic Flu Service on 23 July 2009, which was
established to authorise antiviral drugs for patients
who met the clinical criteria for pandemic influenza
A(H1N1)2009 and thereby remove the pressure from GP
practices and NHS Direct. It is likely that this explains
at least partly the observed reduction in GP consulta-
tion rates for ILI and NHS Direct cold/flu calls in week
31 in 2009 [11]. The highest rates of pandemic influ-
enza A(HiN1)2009 were seen in school-aged children.
During week 30 in 2009 schools closed for the summer
holidays, which would have interrupted transmission
in that age group and contributed to decreased consul-
tation rates in week 31 of 2009 [16,17].

Conclusion

This work has demonstrated the usefulness of local
mapping of syndromic surveillance data for the detec-
tion of increasing transmission and for the epidemio-
logical description of the pandemic. We detected early
rises of pandemic influenza A(HiN1)2009 in the West
Midlands and London using these systems. It has
prompted further spatio-temporal work to describe in
more detail the determinants of the initial spread.
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In the United Kingdom, the influenza A(HiN1)2009 pan-
demic had a distinct two-wave pattern of general prac-
tice consultations for influenza-like illness (ILI). We
describe the epidemiology of the influenza pandemic
in Wales between April and December 2009 using inte-
grated data from a number of independent sources:
GP surveillance, community virology surveillance,
hospital admissions and deaths, and media enquiries
monitoring. The first wave peaked in late July at 100
consultations per 100,000 general practice population
and attracted intensive media coverage. The positiv-
ity rate for the A(HiN1)2009 influenza did not exceed
25% and only 44 hospitalisations and one death were
recorded. By contrast, the second wave peaked in late
October and although characterised by lower ILI con-
sultation rates (65 consultations per 100,000 general
practice population) and low profile media activity,
was associated with much higher positivity rates for
pandemic influenza A(HiN1)2009 (60%) and substan-
tially more hospital admissions (n=379) and deaths
(n=26). The large number of ILI-related consultations
during the first wave in Wales probably reflected the
intensive media activity rather than influenza virus cir-
culating in the community. Data from community sur-
veillance schemes may therefore have considerably
overestimated the true incidence of influenza. This
has implications for the future interpretation of ILI
surveillance data and their use in policy making, and
underlines the importance of using integrated epide-
miological, virological and hospital surveillance data
to monitor influenza activity.

Introduction

The media are major sources of health information.
They can generate awareness of health issues and play
key roles in health behaviour change [1]. Studies sug-
gest that media reports are the main source of most
parents’ information about health problems [2]. The
media can also influence the behaviour of healthcare
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professionals, for example by increasing awareness
and reporting of communicable diseases especially
during outbreaks [3,4].

In mid-April 2009, a new strain of influenza A(H1iN1)
was identified in the United States (US). The same
strain was identified in Mexico and Canada and later
elsewhere. By late April the virus, then named novel
influenza A/H1N1, had spread worldwide [5]. Within
Europe, the United Kingdom (UK) and Spain were the
countries initially most affected [6]. On 11 June 2009,
after confirming community transmission of influenza
A(H1N1)2009 virus in two of its regions, the World
Health Organization (WHO) declared an influenza pan-
demic [7].

On 29 May 2009, the first confirmed case of influenza
A(H1N1)2009 was diagnosed in Wales (a man returning
from the US with a respiratory illness). In response,
measures were taken in Wales to strengthen case find-
ing and reporting of influenza-like illness (ILI) among
travellers returning from affected areas [8]. All sus-
pected cases were tested for the virus by specific real-
time reverse transcription — polymerase chain reaction
(RT-PCR) and confirmed by sequence analysis. All
household contacts were given antiviral prophylaxis,
oseltamivir, as part of an initial containment strategy.

On 6 July 2009, the Welsh Assembly Government
announced a move from containment to mitigation after
community transmission of influenza A(HiN1)2009 had
been confirmed in several parts of Wales [9]. Active
case finding and routine diagnostic testing for influ-
enza were discontinued and tracing and prophylaxis of
contacts ceased. All patients who were diagnosed clin-
ically with influenza A(HiN1)2009 by a GP were given
antiviral treatment and diagnostic laboratory testing
was confined to suspected influenza cases admitted to
hospital or presenting to a network of sentinel general
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practices. Thereafter, influenza activity in the general
population was monitored using a variety of commu-
nity surveillance systems.

In England, the National Pandemic Flu Service (NPFS)
was introduced in mid-July 2009 in order to relieve
pressure on primary care services [10]. Patients with
influenza symptoms were advised not to consult their
general practitioner (GP), but to contact the NPFS
either online or by telephone in order to obtain anti-
viral drugs. This meant that GP surveillance data no
longer provided a reliable indicator of influenza activ-
ity in England. However, in Wales, no change was made
to usual arrangements for clinical influenza diagnosis
and antiviral prescribing by GPs.

We investigated the impact of media coverage of
the influenza pandemic in Wales between April and
December 2009 on surveillance systems using inte-
grated data from a number of independent sources.

Methods

We examined data on ILI consultation rates generated
by NHS Direct Wales, two independent GP surveillance
systems (GP sentinel surveillance of infection and rapid
automated GP surveillance) in conjunction with labora-
tory data (community virology surveillance), hospital
admissions and deaths in order to define the epidemic
period of influenza and the distribution of other cir-
culating viruses. We also analysed media interest in
influenza A(H1N1)2009 over the same time period. The
data sources used are detailed below.

NHS Direct Wales

This is a nurse-led telephone helpline that provides
health information and advice to callers. Anyone may
call the helpline at any time and symptoms are classi-
fied based on a series of clinical algorithms. Call data
can be used for syndromic surveillance and symptoms
that correspond to the influenza/colds algorithm pro-
vide the basis for real-time, daily monitoring of ILI in
the community [11].

GP sentinel surveillance of infection

Influenza activity is reported to Public Health Wales
according to the GPs’ clinical diagnosis of the patients’
ILI symptoms (upper respiratory tract symptoms,
fever, chills, myalgia and cough). The resulting data is
reported on a weekly basis by 44 volunteer, sentinel
general practices, approximately 9% of practices in
Wales, covering some 356,000 people. Weekly clinical
consultation rates are calculated per 100,000 general
practice population by age group. The scheme has
operated since 1985 with no change in case definition
or reporting procedure, thus allowing historical com-
parisons to be made.

Laboratory-based surveillance

Virological surveillance was carried out to monitor the
circulation of seasonal respiratory viruses. A volunteer
subset of sentinel practices collected dry nasal/ throat

18

swab samples from the first patients presenting with
ILI symptoms each week (maximum five samples per
week). These specimens were sent to the regional virus
laboratory and tested for influenza A, influenza B, res-
piratory syncytial virus (RSV) and rhinovirus using
real-time molecular techniques. All influenza A positive
samples were subtyped as A(HiN1)2009 or seasonal H1
or H3 viruses using real-time RT-PCR.

Rapid automated GP surveillance

Around 4oo general practices across Wales (approxi-
mately 80% of practices in Wales) report clinical diag-
noses of ILI, classified according to Read codes [12],
on a daily basis using an automated computer sys-
tem called Audit+ (Informatica Systems Ltd [13]. We
used these data to calculate ILI consultation rates per
100,000 general practice population. Rates were calcu-
lated as rolling weekly rates based on the seven day
period leading up to and including the report submis-
sion date. This scheme started in late April 2009 spe-
cifically to monitor the influenza pandemic in Wales.

Hospital admissions and deaths

All acute hospitals were asked to report admissions
and deaths in hospital of people with laboratory-
confirmed influenza A(H1iN1)2009. GPs were asked to
report any deaths from suspected influenza occurring
outside hospital and post-mortem testing was carried
out to confirm the diagnosis.

Media coverage of pandemic influenza

Google News captures articles from printed press,
television, radio and internet sources. The key-
word ‘swine flu’ was used to search Google News for
media references between 1 January and 30 December
2009. Searches were conducted on a worldwide, UK,
and Wales basis. A record of influenza-related media
enquiries received by Public Health Wales was also
maintained throughout the pandemic. These include
only a fraction of media coverage of the influenza
A(HiN1)2009 pandemic in Wales, but they tend to
reflect levels of media coverage nationally.

Results

Surveillance of ILI-related calls

to NHS Direct Wales

NHS Direct in Wales recorded a small peak in the per-
centage of calls related to influenza in early May 2009
about 25% of total calls), followed by a rapid rise to
a peak of more than 50% of calls by mid-July. A sec-
ond peak occurred in mid-October 2009 (30% of calls).
This level of influenza calls to NHS Direct Wales was
higher than at any time during the previous four years
(January 2006-December 2009), superseding the peak
in December 2008 (28% of calls).

Surveillance of ILI consultations

by the GP schemes

The GP sentinel surveillance scheme detected an
increase in ILI consultations that exceeded the thresh-
old for normal seasonal activity by mid-July 2009
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(week 29) (Figure 1). The first wave of ILI lasted from
weeks 27 to 34 and reached a peak of nearly 100 con-
sultations per 100,000 general practice population at
the end of July (weeks 30-31). This was followed by a
period of quiescence during August before the devel-
opment of a second wave of ILI in the autumn, which
started in early September (week 38), peaked in late
October (week 42) and receded at the end of December
(week 52). The second wave was more prolonged than
the first, with a lower peak in consultation rate of 65
consultations per 100,000 general practice popula-
tion. Neither of the waves exceeded an ILI rate of 100
consultations per 100,000 general practice population,
the threshold used by the scheme for higher than aver-
age seasonal activity. During both waves, rates were
recorded well below those in winter 1999/2000, the
last winter season when substantial influenza activity
occurred in Wales.

ILI consultation rates by sex were similar for both
waves with females accounting for 58% of consul-
tations in the first wave and 56% in the second. The
mean age for ILI consultations was 32.1 years (standard
deviation 19.9 years) and 75% of consultations were in
people under 45 years of age. There was a difference
in the age distribution of patients consulting with ILI
during the two waves (Figure 2). In the first wave, con-
sultation rates were highest in children aged o-4 years
and lowest in the 5-19 age group, while in the second
wave rates were highest in the 10-14 age group.

FIGURE 1

Virological surveillance of GP sentinel samples
The two waves of ILI activity also differed with respect
to a number of other epidemiological characteristics.
Both the number of people being tested and the pro-
portion testing positive for influenza A(H1N1)2009 were
much higher during the second wave than the first
(Figure 3). The proportion testing positive remained
below 25% during the first wave, but reached almost
60% at the peak of the second wave (week 43). Neither
of the two waves was associated with substantial num-
bers of positive tests for other respiratory viruses, and
the influenza A(HiN1)2009 virus was the only influ-
enza strain identified. During the first wave, samples
were as likely to test positive for rhinovirus as influ-
enza A(HiN1)2009. However, from early October (week
40) the majority of positive tests were for influenza
A(H1N1)2009, until late November (week 48) when RSV
became the dominant virus identified (Figure 3).

Surveillance of hospitalisations and deaths
During the first wave, there were 44 hospital admis-
sions and one patient died from confirmed influenza
A(HiN1)2009. By contrast, the second wave resulted
in substantially more hospital admissions (n=379),
despite lower ILI consultation rates in GP, including
over 60 admissions to intensive care units and 26
deaths (Figure 4).

Surveillance of media reports and enquires
The Google News search for news articles showed
that the highest concentration of media reports on

Weekly consultation rates for influenza-like illness per 100,000 general practice population in Wales, United Kingdom,
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pandemic influenza occurred during May 2009 with
34,300 reports internationally and 2,560 in the UK. The
second highest month for articles in the UK was July
2009 with 2,330 reports.

Public Health Wales received 344 influenza-related
media enquiries between April and December 2009.
Of these, 172 came from print media, 92 from radio,
76 from television, and four from other sources. The
highest peak in media coverage was recorded in week

FIGURE 2

Consultation rates by age group during the first and the
second pandemic influenza A(HIN1)2009 wave, Wales,
United Kingdom, weeks 27-52, 2009
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FIGURE 3

18 when WHO raised the level of influenza pandemic
alert to phase 4 and later to phase 5 (Figure 5). Media
interest dropped considerably after this week. Another
wave of media interest began in week 26, preceding
the first wave. A third period of media activity occurred
at the end of October and beginning of November, coin-
ciding with the launch of influenza A(H1iN1)2009 vac-
cine in the UK.

Discussion

The influenza A(HiN1)2009 pandemic in Wales was
characterised by two waves in ILI consultation rates
that peaked in late July and late October 2009 respec-
tively. However, the two waves were strikingly differ-
ent in their epidemiological features. During the first
wave, the highest ILI rates were in preschool children
and the lowest rates in school children. During the sec-
ond wave, the highest ILI rates were in school children.
The first wave was also characterised by a much lower
proportion of confirmed infections, and far fewer hos-
pital admissions and deaths. These findings led us to
question whether the first wave of ILI consultations in
Wales was a genuine reflection of large numbers of
infected people or mainly a consequence of extensive
media coverage. A number of possible explanations for
the differences observed between the two waves are
considered below.

Community virological surveillance showing tests for respiratory viruses and proportion positive for influenza

A(HINI1)2009, Wales, United Kingdom, weeks 27-52, 2009
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Firstly, there may have been a lower threshold for con- in other countries [14,15], and perhaps by general pub-

tacting NHS Direct or consulting a GP during the first lic anxiety and fear of the unknown. Additionally, the
wave. This may have been influenced by extensive public health message delivered by the public health
media coverage early in the pandemic, also observed authorities to consult promptly in order to obtain
FIGURE 4

Consultation rates for influenza-like illness, and admissions to hospital and deaths from influenza A(HIN1)2009, Wales,
United Kingdom, weeks 18-52, 2009
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FIGURE 5
Media enquiries about influenza A(HIN1)2009 received by Public Health Wales, April - December 2009
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medical advice and treatment with antiviral medica-
tion may have led patients with minor upper respira-
tory infections, who would not normally consult, to
seek medical care [16]. This would account for the low
positivity rate for influenza A(H1iN1)2009 in community
samples in the first wave.

Secondly, GPs may have had been more likely than
usual to suspect influenza in patients presenting with
non-specific respiratory symptoms, particularly since
public health authorities encouraged a low diagnostic
threshold as part of the case-finding approach used
during the initial stages of the pandemic Moreover,
GPs may have also been influenced by the extensive
media coverage. As a result they may have obtained
samples from patients with mild respiratory symptoms,
accounting for the low proportion of positive tests.

Thirdly, the difference between the two waves may be
an artefact of surveillance. However, unlike in England
where the introduction of the NPFS substantially
altered the pattern of GP consultation (and hence make
it difficult to interpret GP sentinel surveillance data),
no such changes were made in Wales. New diagnostic
codes were introduced for influenza A(HiN1)2009 by
some GP software providers but similar patterns in ILI
rates were recorded by both GP surveillance systems
in Wales even though they operate independently and
used different methods: one based on a weekly return
of cases meeting a clinical case definition and the
other based on automated extraction of coded diag-
noses from general practice computers. Triangulation
of data from both GP surveillance schemes and from
NHS Direct Wales shows synchronous timing in the
peaks, indicating that the three data sources were rec-
ognising the same phenomenon.

Fourthly, there may have been other respiratory viruses
giving rise to ILI symptoms circulating at the time of the
first wave. Some virological specimens were positive for
other viruses, particularly rhinovirus which accounted
for half of the samples testing positive during the first
wave. It is possible that viral interference could have
affected the spread of influenza A(HiN1)2009 virus
during the first wave in Wales, as occurred elsewhere
in the autumn [17,18]. However, this rhinovirus activity
is more likely to represent background levels rather
than a coincident epidemic, though there are no his-
torical Welsh data from the summer months available
for comparison as community samples are normally
only tested during the influenza season. During the
second wave, influenza A(HiN1)2009 was the predomi-
nant virus identified until the onset of the RSV season
in late November.

Fifthly, influenza A(HiN1)2009 may have been under-
estimated during the first wave because of false neg-
ative laboratory tests. The reliability of virological
testing depends on the timing of the sample (negative
tests are more likely five or more days after symptom
onset), the quality of the sample, and the sensitivity
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and specificity of the test [19]. Sample quality might be
affected if primary care staff improved their sampling
technique as the pandemic progressed. However, sam-
ple quality is routinely checked by the laboratory using
a housekeeping gene probe to confirm the presence of
human RNA and there was no change in the proportion
of samples with inadequate cells. This explanation is
therefore unlikely.

Finally, the much higher number of hospital admissions
and deaths of people with confirmed influenza dur-
ing the second wave might be due to a change in the
virulence of the virus or to a change in hospital test-
ing policy. There is no evidence for increased virulence
of the influenza A(H1N1)2009 virus during the second
wave and hospital testing policy remained consistent
throughout the pandemic. The simplest explanation is
that there were higher levels of influenza A(H1iN1)2009
circulating in the community during the second wave in
Wales, as demonstrated by the much higher influenza
positivity rate in community samples.

There are several strengths as well as limitations to our
study. We used a number of independent data sources
to analyse the two waves of influenza A(HiN1)2009 in
Wales, and all reflect the same phenomenon. Health
service arrangements for clinical diagnosis and treat-
ment of influenza remained consistent in contrast
to England where the NPFS was introduced partway
through the pandemic. Virological surveillance was
also carried out consistently throughout the pandemic
with participating practices instructed to send a maxi-
mum of five specimens per week from patients meeting
the ILI case definition.

The main limitation of the study is the absence of
detailed information on the symptoms of the patients
consulting with ILI. The GP surveillance schemes rely
either on an imprecise clinical case definition of ILI or
automated extraction of relevant Read codes, neither of
which capture subtle changes in presenting symptoms.
Virological surveillance was restricted to five viruses,
(influenza A, influenza B, influenza A(H1N1)2009, RSV
and rhinovirus), so we cannot tell if some ILI consul-
tations were due to other respiratory viruses, such as
parainfluenza virus or adenovirus.

In conclusion, Wales experienced two waves of pan-
demic influenza during mid-summer and mid-autumn
2009 respectively. Each wave presented a different
epidemiological profile. The first wave had a lower
proportion of ILI cases confirmed as influenza and
fewer hospital admissions and deaths compared with
the second. These differences are most likely to be
due to the different thresholds for contacting a GP
that existed during the period of the pandemic and
the different risk perceptions of the population over
time. This was probably triggered by changes in media
coverage throughout the pandemic and especially
the high media profile during the initial stages of the
pandemic, causing public anxiety. What is clear is
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that most patients presenting with ILI during the first
wave in Wales do not appear to have had influenza and
therefore did not require antiviral treatment. This has
implications for the interpretation of surveillance data
on ILI and on its use in policymaking. Above all, our
study underlines the importance of using integrated
epidemiological, virological and hospital surveillance
data to routinely monitor influenza activity.
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During the first year of the influenza A(HiN1)2009 pan-
demic, unprecedented amounts of the neuraminidase
inhibitors, predominantly oseltamivir, were used in
economically developed countries for the treatment
and prophylaxis of patients prior to the availability of a
pandemic vaccine. Due to concerns about the develop-
ment of resistance, over 1,400 influenza A(HiN1)2009
viruses isolated from the Asia-Pacific region during
the first year of the pandemic (March 2009 to March
2010) were analysed by phenotypic and genotypic
assays to determine their susceptibility to the neu-
raminidase inhibitors. Amongst viruses submitted to
the World Health Organization Collaborating Centre
for Reference and Research in Melbourne, Australia,
oseltamivir resistance was detected in 1.3% of influ-
enza A(HiN1)2009 strains from Australia and 3.1%
of strains from Singapore, but none was detected in
specimens received from other countries in Oceania or
south-east Asia, or in east Asia. The overall frequency
of oseltamivir resistance in the Asia-Pacific region
was 16 of 1,488 (1.1%). No zanamivir-resistant viruses
were detected. Of the 16 oseltamivir-resistant isolates
detected, nine were from immunocompromised indi-
viduals undergoing oseltamivir treatment and three
were from immunocompetent individuals undergoing
oseltamivir treatment. Importantly, four oseltamivir-
resistant strains were from immunocompetent indi-
viduals who had not been treated with oseltamivir,
demonstrating limited low-level community trans-
mission of oseltamivir-resistant strains. Even with
increased use of oseltamivir during the pandemic,
the frequency of resistance has been low, with little
evidence of community-wide spread of the resistant
strains. Nevertheless, prudent use of the neuramini-
dase inhibitors remains necessary, as does continued
monitoring for drug-resistant influenza viruses.
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Introduction

Neuraminidase inhibitors (NAls) are specifically
designed to bind to the conserved neuraminidase (NA)
enzymatic site of all influenza A and B viruses, inhibit-
ing the normal function of the enzyme and preventing
virus release from the host cell following replication
[1]. The NAls oseltamivir (Tamiflu, Hoffmann-La Roche)
and zanamivir (Relenza, GlaxoSmithKline) have been
available throughout the world for the treatment and
prevention of influenza infections since 1999. Another
NAI, peramivir (Biocryst), that has been under inves-
tigation as a parenteral formulation, was given emer-
gency use authorisation in some countries such as the
United States (US) and Australia during 2009, and in
early 2010 was approved for use in Japan for the treat-
ment of both uncomplicated and severe influenza infec-
tions [2,3]. In previous years the use of these drugs for
the treatment of typical seasonal influenza has been
greatest in Japan and the US, but has been very low
in other parts of the world such as Australasia, south-
east Asia and the South Pacific [4]. Despite their rela-
tively low usage for seasonal influenza and unknown
effectiveness against potential pandemic strains, in
the last decade many economically developed coun-
tries began stockpiling NAls for use in the event of an
influenza pandemic [5,6]. The influenza A(HiN1)2009
pandemic was the first influenza pandemic to have
occurred since the NAls became available.

Early analysis of the pandemic influenza A(HiN1)2009
strain revealed that it was susceptible to the NAls but
was resistant to the adamantanes, an older class of
anti-influenza drugs that inhibit the M2 ion channel [7].
In the early months of the pandemic and prior to the
production and availability of a specific vaccine, the
NAls were the only specific pharmaceutical intervention
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available for the treatment or prevention of infec-
tion with this novel strain. In economically developed
countries such as Australia, significantly increased
amounts of oseltamivir were prescribed during the
2009 pandemic compared to previous years (Figure 1),
whereas less economically developed countries in the
region used little or no NAls during the pandemic.

Prior to 2007, only sporadic cases of NAl resistance had
been detected, even in Japan and the US where large
quantities of the drugs were used. However in late
2007, high frequencies of oseltamivir-resistant sea-
sonal influenza A(H1N1) viruses began to be detected
in untreated individuals in Europe and the US [8,9]
and by the middle of 2008 these viruses had spread
to many parts of the Asia-Pacific region [10]. By 2009
virtually all seasonal influenza A(H1N1) viruses circulat-
ing globally were oseltamivir-resistant [11], indicating
that the mutant viruses were of equivalent or greater
fitness than the previous oseltamivir-sensitive strain,

FIGURE 1

Number of Tamiflu prescriptions filled in Australia
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with diseases other than influenza. Data from other countries in
the region were not available.
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thus dismissing the theory that all viruses with NAI-
resistance mutations have a reduced viral fitness [12].
The oseltamivir-resistant seasonal influenza A(H1N1)
strains all contained an H275Y mutation in the NA
(equivalent to residue 274 based on N2 numbering)
[10], a substitution that has previously been detected
in other oseltamivir-resistant viruses containing an N1
neuraminidase, such as highly pathogenic influenza
A(HgN1) viruses [13]. Therefore, the emergence of the
N1-containing 2009 pandemic virus raised concerns
that oseltamivir-resistant variants with the H275Y
NA mutation (or with other mutations that confer NAI
resistance) may emerge and spread throughout the
world. Here we report on the frequency of oseltami-
vir and zanamivir resistance observed in influenza
A(H1N1)2009 viruses from the Asia-Pacific region dur-
ing the first year of the pandemic and describe viro-
logical and epidemiological properties of the resistant
viruses detected.

Materials and methods

Viruses

Isolates and clinical specimens from Oceania, Asia and
Africa were received at the World Health Organization
Collaborating Centre for Reference and Research on
Influenza (WHO CC), Melbourne, Australia, as part of
the WHO Global Influenza Surveillance Network. No
recommendations were made regarding the number
and type of specimens or isolates sent by submitting
laboratories, and the specimens were received from
institutes with varying analytical capacity. Some of
the samples submitted to the WHO CC may have been
biased towards severe or hospitalised cases. Of those
confirmed to be the novel influenza A(H1N1)2009 sub-
type, 1,146 cultured influenza isolates were tested
for NAI susceptibility using a functional NA inhibition
assay, and a further 342 clinical specimens were tested
using molecular techniques for the presence of the
H275Y amino acid mutation (Table 1). None of the 342
clinical specimens had a corresponding isolate, there-
fore each one of the 1,488 samples tested (isolates and
clinical specimens) represents an individual patient. All
1,488 samples were taken from patients infected with
the influenza A(H1N1)2009 virus within the first year of
the pandemic (17 March 2009 to 17 March 2010). The
NAI treatment status of patients was not known for the
majority of samples received at the WHO CC, although
this information was retrospectively obtained for the
viruses detected as resistant.

Neuraminidase inhibition assay

All viruses were isolated in Madin-Darby canine kidney
(MDCK) cells using standard techniques described pre-
viously [14]. Oseltamivir, zanamivir and peramivir sus-
ceptibility was measured using a NA inhibition assay
that utilises the fluorescent product 4-methylumbellif-
erone from the substrate 2-(4-methylumbelliferyl)-a-D-
N-acetylneuraminic acid (MUNANA) (Sigma, Australia)
as a measure of NA activity [15] following a previously
published protocol [14]. Oseltamivir carboxylate, the
active form of the ethyl ester prodrug oseltamivir
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Results

phosphate, was kindly provided by Hoffmann-La Roche Of the 1,146 cell culture-grown influenza A(H1N1)2009
Ltd, Switzerland, and zanamivir was kindly provided influenza isolates tested for NAI susceptibility, nine
by GlaxoSmithKline, Australia. Peramivir was kindly demonstrated resistance to oseltamivir and none
provided by BioCryst, Birmingham, US, and was used was resistant to zanamivir (Table 1). The mean IC,, *
to test strains with reduced oseltamivir susceptibil- standard deviation for the fully susceptible influenza
ity. IC,, values (the concentrations required to inhibit A(H1N1)2009 isolates was 0.3 + 0.2 nM for zanamivir
50% of NA activity) were calculated using a logistic (n=1,146), 0.5 + 0.4 nM for oseltamivir (h=1,137) and 0.2
curve fit programme ‘Robosage’ kindly provided by + 0.1 nM for peramivir (n=94). In comparison, the nine
GlaxoSmithKline, UK. oseltamivir-resistant influenza A(HiN1)2009 isolates

had mean oseltamivir IC, values ranging from 279 nM
RT-PCR, sequencing and pyrosequencing to 462 nM (Table 2), at [east 550-fold higher than the
The NA and haemagglutinin (HA) genes were amplified mean oseltamivir IC_ value for susceptible wild-type
by RT-PCR and sequenced using standard techniques influenza A(H1N1)2009 strains. The oseltamivir-resist-
[16]. Pyrosequencing followed previously published ant strains remained fully susceptible to zanamivir, but
methods [17] and relative proportions of wild-type and had peramivir IC, values ranging from 30.6 nM to 42.0
mutant genes were determined using the Pyromark ID nM, demonstrating an approximate 170-fold increase
vi.0 software following allele quantitation analysis. compared to the mean peramivir IC__ for fully suscepti-
Neighbour-Joining phylogenetic trees of the HA and NA ble influenza A(H1N1)2009 isolates (Table 2). Sequence
genes were constructed using the PAUP (V4.0) plugin analysis of the oseltamivir-resistant strains revealed
on Geneious [18,19]. Bootstrap values were calculated that they all contained the H275Y NA mutation.

from 1,000 NJ replicates. FigTree v1.3.1 was used to dis-
play the trees.

TABLE 1

Frequency of oseltamivir-resistant influenza A(HIN1)2009 viruses from different countries, Asia-Pacific region, 17 March
2009 to 17 March 2010 (n=1,488)

Clinical specimens tested by

Isolates tested by NA enzyme inhibition assay

Resionycatnny - - pyrosequencin.ga Total frequen_cy of oseltamivir
No. tested No. os.eltam;wr- No. zanamivir- No. tested No. with .H275Y resistance
resistant resistant mutation®
Australasia 808 5 o} 312 7 1.1% (12/1,120)
Australia 649 5 o 312 7 1.3 % (12/961)
New Zealand 159 ¢} 0 ¢} o}
South-east Asia 252 4 o 3 o 1.6% (4/255)
Brunei 12 o] o o o]
Cambodia 10 o} o} o o}
Malaysia 64 ¢} o} o} ¢}
Philippines 32 o o o o
Singapore 128 4 o o 3.1% (4/128)
Thailand 6 o o o o
Other? o o o 3 o o
South Asia and east Asia 24 o o o) 0% (0/24)
Sri Lanka 3 o] o] 0 o]
Macau 21 o] o] o] o]
South Pacific 62 o o 27 o 0% (0/89)
Fiji 17 o] o] 1 o] o]
Guam 5 o] (o] o] o]
New Caledonia 12 o o 6 o o
Tahiti 28 0 o] 1 o o
Othere o - - 14 o o
Total 1,146 9 o 342 7 1.1% (16/1488)

NA: neuraminidase.

2 None of the 342 clinical specimens had a corresponding isolate, therefore each one of the 1,488 samples tested (isolates and clinical
specimens) represents an individual patient.

®Viruses were considered resistant if the IC5o exceeded 200 nM. All oseltamivir-resistant strains detected in NA enzyme inhibition assay were
confirmed to contain the H275Y mutation.

¢ Only includes specimens that contained at least 50% of the H275Y mutation according to allele quantitation pyrosequencing analysis.
4 Papua New Guinea (n=2), East Timor (n=1).
¢ Nauru (n=1), Palau (n=1), Kosrae (n=4), Yap (n=3), Chuuk (n=3), Pohnpei (n=2).
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Of the nine oseltamivir-resistant H275Y mutant isolates
detected in the NA enzyme inhibition assay, five were
from Australia and four were from Singapore (Table
1). Pyrosequencing analysis of clinical specimens that
could not be cultured (n=342) detected a further seven
Australian viruses with the H275Y mutation (Table
1). Apart from these seven strains, an additional five
Australian clinical specimens were found to contain the
H275Y mutation, but analysis revealed the presence of
the mutant virus at a proportion lower than 50% (rang-
ing from 5% to 34 %) and therefore these samples
were not included in the count of oseltamivir-resistant
strains. In comparison, the seven Australian clinical
specimens that were classified as oseltamivir-resistant
contained the H275Y mutant at a proportion of 89% to
100% of the viral population.

By combining the data from the functional NA inhibi-
tion assay and the pyrosequencing assays, the overall
frequency of oseltamivir-resistance in the Australian
influenza A(H1N1)2009 viruses submitted to the WHO
CC was 1.3% (12/961), while the frequency was slightly
higher in the Singaporean influenza A(HiN1)2009
viruses (4/128; 3.1%) (Table 1). As oseltamivir-resistant
viruses were not detected among samples from any
other countries, the overall frequency of oseltamivir-
resistance in influenza A(H1N1)2009 viruses detected
in the Asia-Pacific region was 1.1% (16/1,488) (Table 1).

TABLE 2

Of the 16 cases in whom oseltamivir resistance was
detected, nine patients were considered immunocom-
promised and were receiving oseltamivir treatment at
the time the specimens yielding resistant virus were
collected. These patients were ill during the southern
hemisphere winter period in the early months of the
first pandemic wave and some of them were shedding
virus for over three weeks whilst receiving multiple
courses of single and double-dose oseltamivir treat-
ment (Table 2). Eight of these patients were undergo-
ing chemotherapy for cancer, including treatment for
multiple myeloma (Table 2, Patient 2), prolymphocytic
leukaemia (Table 2, Patient 4) and aplastic anaemia
(Table 2, Patient 5), as reported in detail previously
[20]. One immunosuppressed patient had undergone
a renal transplant seven weeks prior to their influenza
infection (Table 2, Patient 8). Following infection with
an oseltamivir-sensitive influenza A(H1iN1)2009 virus,
Patient 8 shed both oseltamivir-sensitive and -resist-
ant viruses over a period of nine weeks whilst under-
going 36 days of single- or double-dose oseltamivir
treatment together with shorter periods of nebulised
and intravenous zanamivir treatment (a full case study
on this patient has been reported previously [21]).

Seven patients who had an infection with oseltami-
vir-resistant virus were otherwise healthy and immu-
nocompetent. Of these seven patients, three were
receiving oseltamivir treatment at the time of recovery
of resistant virus, including a case from Singapore of an

Patient and virological details for oseltamivir-resistant H275Y mutant influenza A(H1N1)2009 viruses, Asia-Pacific region,

17 March 2009 to 17 March 2010 (n=16)

Patient details

NAI susceptibility of isolates

(mean + standard deviation)

Patient Location Immunological Oseltamivir Specimen date Known durgtion of  Oseltamivir Peramivir Zanamivir
number status treatment shedding IC50 (nM) ICS0 (nM) ICSO (nM)
1 Singapore Competent Yes 30 May 09 27-30 May 09 374.1% 37.3 41.6 £12.2 0.3%.04
2 Melbourne, Australia | Compromised Yes 25 June 09 16—25 June 09
3 Sydney, Australia Compromised Yes 20 July o9 —-20July 09
4 Melbourne, Australia | Compromised Yes 22 July 09 30 June—22July o9
5 Melbourne, Australia | Compromised Yes 24 July 09 20-24 July 09
6 Perth, Australia Compromised Yes 28 July o9 Unknown 306.7 £ 21.2 33.3+3.4 0.31%0.03
7 Sydney, Australia Compromised Yes 10 Aug 09 20 July-10 Aug 09 | 279.1+44.9 | 42.0+11.9 | 0.25%0.05
8 Perth, Australia Compromised Yes 12 Aug 09 24 July-24 Aug 09 | 296.7 +20.0 | 37.8+%3.7 0.28 £ 0.02
9 Singapore Compromised Yes 14 Aug 09 3-14 Aug 09 462.3+74.3 | 32.0%5.3 0.32 £0.07
10 Perth, Australia Competent Yes 14 Aug 09 9-14 Aug 09 292.6 +25.2 | 32.5%5.6 0.23+0.02
11 Sydney, Australia Compromised Yes 18 Aug 09 Unknown 312.5+39.0 | 32.1%5.0 0.30 + 0.05
12 Darwin, Australia Competent No 29 Dec og Unknown
13 Melbourne, Australia? Competent No 15 Jan 10 Unknown
14 Melbourne, Australia® Competent No 15 Jan 10 Unknown
15 Singapore Competent Yes 21)an 10 17 Jan-1Feb 10 295.5+32.1 29.1+2.1 0.26 + 0.03
16 Singapore Competent No Unknown 378.5 % 67.0 30.6 £3.1 0.31+0.03

NAI: neuraminidase inhibitor; IC50: inhibitory concentration reducing 50% of neuraminidase NA activity).

- indicates that the H275Y mutant virus could not be cultured and therefore no isolate was available for NAI susceptibility analysis.

2 Patients were related.
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American patient initially infected in New York (Table 2,
Patient 1). This case represents the earliest oseltamivir-
resistant influenza A(H1iN1)2009 virus reported in this
study (30 May 2009). Importantly, four of the immuno-
competent patients from whom oseltamivir-resistant
virus was recovered were not being treated with osel-
tamivir or any other influenza antiviral drug and had no
known contact with other individuals receiving osel-
tamivir treatment. Each of these four cases occurred
between 29 December 2009 and 1 February 2010, well
after the main pandemic periods in Australia (late May
to early October 2009) [22] and Singapore (late June to
early October 2009) [23].

HA and NA gene sequence analysis was conducted
on all of the oseltamivir-resistant viruses that were
successfully cultured. Phylogenetic trees drawn
from sequences derived from this study showed that
oseltamivir-resistant and -sensitive strains were dis-
tributed throughout different parts of the tree, with
bootstrap values showing less than 50% support for
the majority of branches (Figure 2). The low bootstrap
values are a result of the lack of divergence in the influ-
enza A(H1iN1)2009 viruses since their emergence, and
as a consequence the genetic data is neither able to
support nor disprove the epidemiological conclusions
that these strains arose independently and not as part
of an emergent group of related variants.

Discussion

Characterisation of the first influenza A(HiN1)2009
viruses from the pandemic revealed that the strains
were resistant to the older class of influenza antivi-
rals, the adamantanes [7], similar to the other swine
influenza viruses concurrently circulating in North
America [24]. Therefore the NAls were the only class
of influenza antiviral drug available for the treatment
and prophylaxis of the novel pandemic strain, and
were particularly important before the availability of a
specific vaccine. The studies published to date indicate
that oseltamivir usage in patients was significantly
greater than zanamivir usage during the first year of
the pandemic [25-27], and was associated with a lower
risk of intensive care admission or death in hospital-
ised patients if commenced within two days of symp-
tom onset [28].

Although increased amounts of oseltamivir and, to a
lesser extent, zanamivir were used during the 2009
influenza A(HiN1) pandemic, only 267 oseltamivir-
resistant viruses were reported globally from over
10,000 samples during the first year of the pandemic
[29]. In this study, oseltamivir-resistant viruses were
detected in Australia and Singapore, but not in sam-
ples from the South Pacific, New Zealand, Kenya,
south Asia and east Asia, although it is of note that
only a relatively small number of viruses were avail-
able for testing from the regions where resistance was
not detected, and that analysis of a greater number of
samples may have revealed a low proportion of resist-
ance. Due to insufficient samples it was not possible
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to determine if oseltamivir resistance was more preva-
lent in children than in adults, as has been reported
previously for seasonal influenza [30]. It is most likely
that the higher apparent frequency of resistance in
Australia and Singapore was a reflection of the amount
of oseltamivir used there during the pandemic. The fre-
quency of oseltamivir resistance in Australia (1.3%) and
Singapore (3.1%), as determined in this study, was no
higher than that reported among oseltamivir-treated
adult patients infected with seasonal influenza viruses
in clinical trials (1-4%) [31,32] but was higher than that
observed in community surveillance studies before
2007 [33-35]. However, care should be taken in drawing
conclusions about the frequency of resistance either in
treated individuals or in specific patient groups (e.g.
immunocompromised) as detailed clinical and epide-
miological information was unavailable for the major-
ity of the NAI susceptible cases tested in this study. In
addition, it should be noted that samples submitted to
the WHO CC (and therefore tested in this study) may
be biased towards unusual isolates or hospitalised
patients, and therefore the actual frequency of osel-
tamivir resistance in some countries may be lower than
reported here.

Before 2007, there was little evidence of community
spread of oseltamivir-resistant viruses and resistant
strains in untreated patients were only occasionally
detected [16,35], presumably due to impaired viral
growth and infectivity of the resistant viruses [36-39].
However the global spread of oseltamivir-resistant
seasonal influenza A(H1N1) viruses with the H275Y NA
mutation during and after 2008 demonstrated the abil-
ity of these resistant strains to replicate and transmit
efficiently in the absence of drug selective pressure.
It is thought that two permissive mutations in the NA,
V234M and R222Q, that occurred in seasonal influ-
enza A(HiN1) viruses shortly before the emergence
of the H275Y mutant enabled the virus to tolerate the
resistance mutation with no impact on viral fitness
[40]. To date, neither of these compensatory muta-
tions have been detected in any influenza A(H1N1)2009
viruses (including those reported in this current
study), although the majority of influenza A(H1N1)2009
viruses actually possess N at residue 222 rather than
R [41]. Nevertheless, future close monitoring of gene
sequences is necessary as these, or other, permissive
mutations may enable influenza A(HiN1)2009 H275Y
mutant viruses to easily transmit throughout the com-
munity. In the current study we identified four patients
(Table 2, Patients 12,13,14 and 16) who were shedding
oseltamivir-resistant viruses even though they were
not undergoing oseltamivir treatment, and all were
detected during a period of low influenza activity in
the southern hemisphere (December 2009 to February
2010). It is unknown if these patients were infected
directly by oseltamivir-treated individuals shedding
resistant virus, or whether low level transmission of
resistant strains is occurring sporadically in the com-
munity. Previous studies have shown that H275Y osel-
tamivir-resistant influenza A(HiN1)2009 viruses was
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transmitted from treated to untreated patients within
a hospital in Wales [42], and between close contacts
during a train journey in Vietnam [43], but there was
no evidence of subsequent transmission to the wider
community on either occasion.

Many of the specimens analysed in this study con-
tained a mixed viral population of both oseltamivir-
resistant and -sensitive viruses, indicating the need
for diagnostic tests to detect small proportions of
resistant virus in a mixture. The clinical significance
of low-level populations of oseltamivir-resistant virus
is uncertain, at least in otherwise healthy individuals.
Because most oseltamivir-resistant viruses (including
the H275Y mutant) remain fully susceptible to zanami-
vir, early detection of oseltamivir-resistant viruses in a
mixed population can facilitate the use of alternative
antivirals such as zanamivir, which have the potential
to improve patient outcome.

Although the NAIls have been used in Japan and the

US for many years, they have had relatively little use
elsewhere. Therefore concern existed that sudden

FIGURE 2

large-scale use of the NAls in a pandemic, across many
countries around the world, may result in the rapid
and widespread selection of resistant viruses. Data
collected during the first year of the 2009 influenza
A(H1N1) pandemic has demonstrated that this has not
occurred, with only 1.1% of strains from the Asia-Pacific
region found to be oseltamivir-resistant and no detec-
tion of any zanamivir-resistant strains. Nevertheless,
prudent use of the NAls to treat infected individuals
is encouraged to avoid selection of resistant viruses,
which may in turn acquire the ability to transmit effi-
ciently throughout the community, thereby reducing
the available options for antiviral treatment.
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Phylogenetic relationships of (A) haemagglutinin and (B) neuraminidase gene sequences for oseltamivir-resistant H275Y
mutants and oseltamivir-sensitive influenza A(HIN1)2009 viruses, Asia-Pacific region, 17 March 2009 to 17 March 2010
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B. Neuraminidase
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Full haemagglutinin (HA) and neuraminidase (NA) gene sequences derived from influenza A(H1N1)2009 oseltamivir-resistant H275Y mutant
strains (in bold) are compared phylogenetically with oseltamivir-sensitive viruses. Specimen dates (month/year) are included after the strain
name. Patient numbers have been included in parentheses after the designation of oseltamivir-resistant viruses to allow cross referencing
with case details in Table 2. Culture of virus from Patients 2, 5, 12, 13 and 14 was attempted but was not successful, as such analysis of the
original specimen was undertaken but sequence data was not of sufficient quality or length to be included in the phylogenetic trees. Only
bootstrap values >50 are shown.
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Understanding household transmission of the pan-
demic influenza A(H1N1)2009 virus, including risk fac-
tors for transmission, is important for refining public
health strategies to reduce the burden of the disease.
During the influenza season of 2009 we investigated
transmission of the emerging virus in 595 households
in which the index case was the first symptomatic
case of influenza A(HiN1)2009. Secondary cases
were defined as household contacts with influenza-
like illness (ILI) or laboratory-confirmed influenza
A(HiN1)2009, occurring at least one day after but
within seven days following symptom onset in the
index case. ILI developed in 231 of the 1,589 household
contacts, a secondary attack rate of 14.5% (95% confi-
dence interval (Cl): 12.9-16.4). At least one secondary
case occurred in 166 of the 595 households (a house-
hold transmission rate of 27.9%; 95% Cl: 24.5-31.6).
Of these, 127 (76.5%) households reported one sec-
ondary case and 39 (23.5%) households reported two
or more secondary cases. Secondary attack rates were
highest in children younger than five years (p=0.001),
and young children were also more efficient transmit-
ters (p=o0.01). Individual risk was not associated with
household size. Prophylactic antiviral therapy was
associated with reduced transmission (p=0.03). The
secondary attack rate of ILI in households with a con-
firmed pandemic influenza A(HiN1)2009 index case
was comparable to that described previously for sea-
sonal influenza.

Introduction

The world experienced the first influenza pandemic
of the 21st century in 2009. Pandemic influenza
A(H1N1)2009 (hereafter to be referred to as pandemic
influenza) was identified initially in Mexico and the
United States (US) [1,2] and spread rapidly to the south-
ern hemisphere, becoming the dominant strain during
the 2009 Australian winter [3]. In Western Australia
(WA), pandemic influenza comprised over 90% of
influenza notifications for which subtyping data were
available. Pandemic influenza has since dominated

32

Article published on 20 January 2011

the 2009/10 northern hemisphere winter and the 2010
southern hemisphere winter.

Understanding the transmission dynamics of pandemic
influenza, including risk factors for transmission, is
important in informing public health strategies to
reduce the impact of the virus. Unfortunately, house-
hold transmission studies of the current [4-6], and pre-
vious influenza pandemics are scarce [7], and rely on
studies of seasonal influenza [8-12]. Secondary attack
rates reported for seasonal influenza range from 10%
to nearly 40% and vary with age, circulating strain,
family composition, and levels of community exposure
[8-12].

In the period between the notification of the first case
in WA in late May 2009 and early August 2009 (before
distribution of pandemic influenza vaccine), we inves-
tigated household transmission of pandemic influenza
in WA. The objectives were to estimate the secondary
attack rate and to describe the characteristics of index
cases and their household contacts that were associ-
ated with risk of transmission.

Methods

Pandemic influenza index cases and their household
contacts were recruited during a ten-week period
encompassing the peak of pandemic influenza activ-
ity, from 29 May 2009 (four days after notification
of the first confirmed case in WA), to 7 August 2009
[13]. Influenza is a notifiable disease in Australia,
and cases were identified from the WA Notifiable
Infectious Diseases Database, which is maintained by
the Communicable Disease Control Directorate (CDCD).
This database captures all notifiable disease reports
for the State of WA, which has a population of over 2.2
million people [14]. All laboratory testing for pandemic
influenza was carried out by PathWest Laboratory
Medicine WA, a World Health Organization-designated
National Influenza Centre. As a minimum, all specimens
were tested by PCR directed at specific targets in the
influenza A matrix gene and the pandemic influenza
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H1 haemagglutinin gene [15]. Over 90% of specimens
were also tested for influenza B, and seasonal influ-
enza A(H1) and A(H3) by PCR [15].

An index case was defined as anyone notified with
pandemic influenza diagnosed by PCR during the study
period and who otherwise met the eligibility crite-
ria (see below). A household was defined as a group
of two or more people living together in a domestic
residence; residential institutions, such as boarding
schools, hotels or prisons were excluded. A household
contact was defined as any person who had resided in
the same household as the index case for at least one
night during the household exposure period (one day
before to seven days after onset of illness in the index
case). Index cases were excluded if they lived alone,
did not spend time at the household after the onset of

FIGURE 1

Flow diagram of the investigation, household transmission
study of pandemic influenza A(HIN1)2009, Western
Australia, 29 May-7 August 2009

Pandemic influenza notifications during the
period 29 May to 7August 2009 n=2,802

v

Selected pandemic influenza
index cases n=989

152 not contactable
236 not eligible?

v

6 refusals
_________ Y. .
' Index cases and participating :
' households n=595 X
.. l _________ J
Household contacts n=1,632
> 43 excluded

! 1,358 non-infected .
' household contacts !
! 1

2 Non-eligible index cases include: 140 who were not the first case
of influenza-like illness in the household, 62 who lived alone, 28
who did not live at a private residential address, four who had a
co-infection with another influenza virus, and two who could not
communicate in English.

Dotted boxes denote those included in the final analysis.
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symptoms, had a co-infection with another influenza
virus and/or were not the first symptomatic individual
in the household. Household contacts who had the
same symptom onset date as the index case, and were
therefore possibly infected from the same source as
the index case, were also excluded.

Influenza-like illness (ILI) was defined as fever »38 2C,
or a reliable history of fever of unknown temperature,
AND cough and/or sore throat. A secondary case was
defined as a household contact who developed an ILI
or laboratory-confirmed influenza within seven days
of symptom onset in the index case (distinctions were
not made between secondary and tertiary cases in the
household). Household transmission was deemed to
have occurred if at least one household contact became
a secondary case. Household contacts who did not
develop an ILI or test positive for pandemic influenza
were classified as uninfected household contacts. The
secondary attack rate was calculated as the number of
secondary cases divided by the total number of eligi-
ble household contacts. The mean serial interval was
calculated from the sum of the time between the onset
of ILI symptoms in all index and secondary case pairs.

Public health nurses interviewed each selected index
case twice by telephone: within 48 hours of notification
to CDCD and the second time as close as possible to
eight days after symptom onset. At the first interview,
the reason for the investigation was explained and
information was collected on: symptoms, use of antivi-
ral medications, underlying medical conditions, vacci-
nation for seasonal influenza and number of household
contacts. The second interview collected information
on household contacts, including: age, sex, number
of days living in the household during the household
exposure period, whether they shared the same room
or bed as the index case, onset and symptoms of any
illness during the exposure period, underlying medi-
cal conditions, use of antiviral prophylaxis, and vac-
cination for seasonal influenza. If an index case was
unable to answer the questions or was under 18 years
of age, an adult household member was interviewed as
a proxy. A total of six attempts were made to contact
the index case and/or household contacts, after which
point they were deemed not contactable.

Information was sought on whether any household
contacts had been notified with influenza in the expo-
sure period by searching the notifications database for
any confirmed influenza results matching the contact’s
name and date of birth with a specimen date within
seven days of symptom onset. If no notification was
recorded, PathWest Laboratory Medicine WA records
were checked, to determine whether an influenza test
had been performed and the result.

The secondary attack rate was analysed in relation
to covariates measured at the index case and house-
hold contact levels using univariate chi-square test
for proportions and t-tests for continuous variables.
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Subjects were stratified by age into pre-school-aged
children (<4 years-old), school-aged children (5 to 18
years-old), 19 to 50 year-olds, and those aged over 50
years. Univariate odds ratios (OR) and 95% confidence
intervals (Cl) were determined, and if multiple vari-
ables were found to be significant, they were entered
as input for a backward step-wise logistic regression
analysis. To adjust for clustering by household, gen-
eralised estimating equations were used to obtain
p values and confidence limits for ORs for all house-
hold contact analyses. All analyses were performed
using PASW Version 17.0.2 (SPSS Inc., Chicago, IL).
Information was collected as part of case follow-up
for a notifiable disease of public health concern and
did not require approval by a human research ethics
committee.

Results

A total of 2,802 laboratory-confirmed pandemic influ-
enza notifications were received during the ten-week
study period. During the first six weeks, public health
nurses attempted to contact each of the 468 pan-
demic influenza index cases notified in that period.
Of those 468 notifications, 309 (66.0%) were con-
tacted, assessed eligible, and agreed to participate in
the study. From 14 July to 7 August 2009, due to the
increasing volume of notifications, a daily random
sample of 20 pandemic influenza notifications per day
were selected [16]. Of 521 additional index cases cho-
sen by this method, 286 (54.9%) were contactable and
eligible for the study.

In total, 595 (60.2%) of the 989 selected pandemic influ-
enza index cases were eligible and participated in the

investigation (Figure 1). Participating index cases were

TABLE 1

Characteristics of pandemic influenza A(H1N1)2009 index cases and their household contacts, Western Australia, 29 May-7
August 2009 (n=2,184)

Pandemic influenza index cases? Household contacts
N°=595 N°=1,589

Characteristic

Age, mean (standard deviation) 25.7 (16.4) 30.1 (18.8)
Age range, years 0-79 0-103
Age group
0-4 years 26 (4.4) 124 (7.8)
5-18 years 237 (39.8) 447 (28.1)
19-50 years 277 (46.6) 757 (47.6)
> 51years 55 (9.2) 228 (14.3)
Sex
Male 294 (49.4) 806 (50.7)
Female 301 (50.6) 783 (49.3)
Indigenous status
Aboriginal 34 (5.7) 62 (3.9)
Underlying medical conditions
Diabetes 35 (5.9) 35 (2.2)
Heart disease 19 (3.2) 33 (2.1)
Respiratory disease 116 (19.5) 126 (7.9)
Renal disease 2 (0.3) 5(0.3)
Neurological disease 4 (0.7) 13 (0.8)
Haematological disorder 11 (1.8) 11 (0.7)
Metabolic disease (excluding diabetes) 9 (1.5) 2 (0.1)
Immune impairment 15 (2.5) 19 (1.2)
Morbid obesity 41 (6.9) 60 (3.8)
Current smoker 58 (9.7) 137 (8.6)
Pregnant (females only) 20 (3.4) 13 (1.7)
Any underlying condition® 232 (39.0) 270 (17.0)
Antivirals
Yes 238 (40.0) 220 (13.8)
No* 331 (55.6) 1,327 (83.5)
Seasonal influenza vaccination in 2009
Yes 125 (25.0) 304 (19.1)
No 394 (66.2) 1,162 (73.1)

2 Number of people (percentage), unless otherwise indicated.

 Respondents may not add up to total because of missing information for some variables.

¢ Patient reported at least one of the underlying medical conditions listed.

4 Refers to treatment use of antiviral drugs in index cases and preventative use of antiviral drugs in household contacts.
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very similar with respect to age (median age 25 years) who were notified in the study period and who were
and sex, to all remaining pandemic influenza cases not interviewed or eligible to participate (n=2,207).

TABLE 2

Characteristics of the household contacts of influenza A(HIN1)2009 index cases and secondary attack rates associated with
these characteristics, Western Australia, 29 May-7 August 2009 (n=1,589)

Number of household contacts

Characteristic of household contact n°=1,589 Secondary attack rate, % 0dds ratio (95% Cl) p value

Age
0-4 years 124 22.6 3.40 (1.80 t0 6.45)
5—18 years 447 17.2 2.43 (1.41t0 4.17) 0.001°
19-50 years 757 13.7 1.86 (1.10 to 3.14)
> 51years 228 7.9 1.00

Sex
Male 806 14.6 1.04 (0.79 t0 1.37) 0.80
Female 783 14.3 1.00

Indigenous status
Aboriginal 62 8.1 0.49 (0.20 t0 1.24) 0.13
Non-Aboriginal 1,474 15.1 1.00

Present for the entire index illness
Yes 1497 14.9 2.49 (0.99 t0 6.22) 0.05
No 76 6.6 1.00

Shared the same room as the index
Yes 337 16.6 1.24 (0.89 t0 1.72) 0.20
No 1226 13.9 1.00

Shared the same bed as the index
Yes 289 17.6 1.35 (0.96 t0 1.90) 0.09
No 1275 13.7 1.00

Underlying medical conditions®
Diabetes 35 8.6 0.54 (0.16 t0 1.78) 0.31
Heart disease 33 15.2 1.04 (0.40 to 2.73) 0.93
Respiratory disease 126 22.2 1.76 (1.13 to 2.75) 0.01
Renal disease 5 20.0 1.46 (0.16 t0 13.12) 0.74
Neurological disease 13 23.1 1.76 (0.48 t0 6.44) 0.39
Haematological disorder 11 0.0 - 0.17
Metabolic disease (excluding diabetes) 2 0.0 - 0.56
Immune impairment 19 21.1 1.57 (0.52 t0 4.78) 0.43
Morbid obesity 60 16.7 1.17 (0.59 t0 2.35) 0.65
Current smoker 137 10.2 0.64 (0.36 t0 1.14) 0.13
Pregnant (females only) 13 0.0 - 0.22
Any underlying condition? 270 18.5 1.40 (0.99 t0 1.98) 0.06

Prophylactic antiviral therapy
Yes 220 9.5 0.58 (0.36 10 0.94) 0.03
No 1,327 15.3 1.00

Seasonal influenza vaccination in 2009
Yes 304 15.1 1.01 (0.71 10 1.44) 0.95
No 1,162 15.0 1.00

Household size

2 persons 135 16.3 1-00

3 persons 273 12.5 0-73 (0-41t0 1-31) 0.65°
4 persons 514 14.2 0-85 (0-51t0 1-43)

>5 persons 667 15.3 1-01 (0-59 t0 1-73)

2 Respondents may not add up to total because of missing information for some variables.
b Chi-square test for trend.

¢ 0dds ratio for individual underlying medical conditions is the odds of infection among contacts with that condition, versus the odds in those
not reporting that condition.

4 Patient reported at least one of the underlying medical conditions listed.
Variables in blue were statistically significant and were included in the multivariate logistic regression.
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There were 1,632 household contacts in the 595 par-
ticipating households. Forty-three contacts were
excluded, 14 with insufficient information and 29 who
became ill on the same day as the index case, leaving
1,589 household contacts for the final analysis (Figure
1). Characteristics of index cases and household con-
tacts are shown in Table 1. Index cases were younger,
and more likely to report underlying medical conditions
and to have had seasonal influenza vaccine, than the
household contacts.

Overall, 231 secondary cases occurred among the 1,589
household contacts, giving a secondary attack rate of
14.5% (95% Cl: 12.9-16.4). The secondary attack rate
in households without co-primary household contacts
(n=570) was similar to that in all households includ-
ing those with co-primary contacts (13.6% and 14.5%,
respectively, p=0.47).

In order to estimate the proportion of ILI cases due to
pandemic influenza, we identified all secondary cases
who had swabs collected within 48 hours of onset of
ILI symptoms, at which time the yield should be opti-
mal [17]. Among these 29 cases, 27 were PCR-positive
for pandemic influenza, suggesting ILI was highly
predictive of pandemic influenza infection in these
households.

FIGURE 2

Secondary attack rate of influenza A(HIN1)2009 index
cases and household contacts, by age group, Western
Australia, 29 May-7 August 2009 (n=2,184)
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FIGURE 3

Distribution of days (serial interval) from onset of illness
in the index case to onset of influenza-like illness in the
secondary case(s), Western Australia, 29 May-7 August
2010 (n=231)
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One or more secondary cases occurred in 166 of the
595 households (27.9%; 95% Cl: 24.5-31.6). Of the 166
households with secondary cases 127 (76.5%) reported
one case, 20 (12.0%) reported two, 13 (7.8%) reported
three, five (3.0%) reported four, and one (0.6%)
reported five secondary cases.

Table 2 shows the characteristics of the household
contacts and secondary attack rates associated with
these characteristics. Secondary cases (mean age
25.2 years) were significantly (p<o.001) younger than
uninfected household contacts (mean age 31.0 years).
There was a clear inverse association between age
and secondary attack rate (p=o0.001), with the odds
of illness 3.4 times higher in o to 4-year-old children
compared to adults aged 51 years or older. Secondary
attack rates were elevated in household contacts
who were present for the entire household exposure
period, although this just failed to reach statistical sig-
nificance (OR=2.49, p=0.05). Among a range of under-
lying medical conditions, only respiratory disease
(including asthma) was significantly more prevalent in
secondary cases (OR=1.72, p=0.01) compared to unin-
fected contacts. Uninfected contacts were more likely
to have taken antiviral prophylaxis (14.7%) compared
to secondary cases (9.1%; p=0.03). Transmission was
not associated with sex, indigenous status, smoking,
sharing a room or bed with the index case, household
size or 2009 seasonal influenza vaccination status of
household contacts. In the multivariate logistic regres-
sion model, which included age (p<0.001), respiratory
disease (p=0.031) and prophylactic antiviral therapy
(p=0.031), all remained independent predictors for (or
against, in the case of prophylactic antiviral therapy)
becoming a secondary case.

As illustrated in Figure 2, there was an inverse asso-
ciation between secondary attack rates and age of
both index cases and household contacts. Young index
cases were more likely to transmit infection to their
household contacts, and young household contacts
were more likely to be infected.

Amongst the range of symptoms reported by index
cases, the following resulted in significantly more
transmission to secondary cases than others: cough
(p=0.04), shortness of breath (p<o.oo01), fatigue
(p¢o0.001), myalgia (p=0.009), rigors (p=0.003), diar-
rhoea (p=0.001) and vomiting (p<0.001). There was no
difference in the secondary attack rate associated with
index cases who had taken antiviral treatment (14.9%)
compared to those who had not (14.1%, p=0.70). The
mean interval from onset of illness to treatment of the
index case was three days and the median interval
was two days.

The median serial interval was 3.0 days (range: 1-7
days) and the mean serial interval was 3.2 days (Figure
3). Of the 28 secondary cases occurring six to seven
days after the index case, 10 occurred in households
with two or more secondary cases. The median and
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mean serial intervals were unchanged if households
with more than one secondary case (i.e. possible terti-
ary cases) were excluded.

Discussion

This investigation found that the secondary attack rate
of ILI among household contacts of a confirmed pan-
demic influenza index case in Western Australia was
14.5%, and that household transmission (to at least
one secondary case) occurred in 27.9% of households.

Some studies on pandemic influenza and seasonal
influenza A(HiN1) epidemics have estimated consid-
erably higher secondary attack rates. A US modelling
study based on case clusters early in the 2009 influ-
enza pandemic, estimated the risk of ILI in household
contacts of pandemic influenza index cases to be
27.3% [18]. Similarly, the secondary attack rate of lab-
oratory-confirmed pandemic influenza cases in Kenya
between June and July 2009, prior to the use of antivi-
ral drugs, was 26.0% [19] and in a recently published
Canadian study of 42 households reached as high as
45% [5]. In the 1978-1979 influenza A(H1N1) seasonal
epidemic, the US had an estimated secondary attack
rate of 30.6% [9]. There are no estimates of transmis-
sibility within households for the 1918-1919 influenza
A(H1N1) pandemic.

However, other studies report much lower rates, with
one study in an English boarding school estimating a
5.4% to 11.9% secondary attack rate for ILI, depending
on the school year [20]. Epidemiological field studies
undertaken in several states of the US during the ini-
tial wave of 2009 pandemic influenza found secondary
attack rates of ILI ranging from 8% to 12% in household
contacts of those with ILI [21], and in more recently
published US studies the household secondary attack
rate associated with index cases of pandemic influ-
enza 2009 was 13% for acute respiratory illness, and
ranged from 9-10% for ILI [4,6]. The secondary attack
rates from these studies of pandemic influenza are
comparable to the one we observed in WA. The slightly
higher secondary attack rates of ILI in WA may reflect
the greater intensity of a winter pandemic season com-
pared to the late spring season experienced in the ini-
tial northern hemisphere pandemic wave.

Transmission was highest in households with an
index case of pre-school age. Although a recent US
study found children with pandemic influenza to be no
more infectious than adults [4], our findings are con-
sistent with the many other studies that have shown
increased transmission from children in both house-
holds and communities. This is presumably because
children shed larger amounts of influenza virus and for
longer periods of time than adults, are less conscious
of hygiene and require more close contact [9,12,22-26].
In addition, children have been found to be the main
source of influenza in households during interpan-
demic seasons [9,12].

www.eurosurveillance.org

Other characteristics of pandemic influenza index cases
that were significantly associated with transmission in
households included the symptoms cough, shortness
of breath, fatigue, myalgia, rigors, diarrhoea, and vom-
iting. These symptoms were possibly markers of more
serious illness which was associated with higher or
more prolonged virus shedding, and/or required closer
and more prolonged contact with their carers. The lack
of a statistically significant effect of fever or other res-
piratory symptoms such as sore throat and runny nose
on infectivity of pandemic influenza is similar to the
findings in the above-mentioned US study in 2009 [4].

In our investigation household contacts of pre-school
age had the highest secondary attack rate (22.6%), and
adults aged 51 years and older the lowest (7.9%). This
is similar to the secondary attack rates reported during
the pandemic influenza season in the US in late spring
2009 [4,6]. Children, in particular those who attend
day care or school, are considered to be at high risk
of influenza infection, with attack rates ranging from
20% to 50% during seasonal interpandemic years [23-
25, 27]. The low secondary attack rates in household
contacts aged over 50 years is consistent with the
relatively low incidence of pandemic influenza 2009 in
older adults that has been attributed to cross-protec-
tion against the pandemic virus following exposure to
influenza A(H1N1) viruses early in life [28,29].

Treatment of index cases with the antiviral drug osel-
tamivir did not reduce transmission in households,
possibly because it was given late, as indicated by the
mean interval of three days between onset of illness
in the index case and treatment. Conversely, second-
ary attack rates among household contacts who had
received a prophylactic course of oseltamivir was sig-
nificantly lower than in those who had not (9.5% ver-
sus 15.3%), consistent with its reported efficacy for
prevention of pandemic [30] and seasonal influenza
household transmission [31,32]. A study in Japan in
mid-2009 showed an even more dramatic difference in
secondary attack rates among household contacts who
did not receive prophylaxis compared to those who did
(7.6% versus 0.8%), although this could be biased by
the mass use of chemoprophylaxis in the community
[30]. Our results provide support for the recommenda-
tion for early antiviral use as a preventive measure for
close contacts during a pandemic, notwithstanding the
need to consider that recommendation in the context
of parameters such as the severity of illness attribut-
able to the pandemic virus, the stage of the pandemic
response, possible adverse effects, emergence of
resistant strains, and the cost and feasibility of wide-
spread use of antiviral prophylaxis.

Household contacts with an underlying respiratory
disease were independently associated with becom-
ing a secondary case. It is possible that people with
underlying respiratory disease are no more likely to
become infected, but are more likely to become symp-
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tomatic when infected with influenza and therefore to
be identified as a secondary case.

Interestingly, household size was not associated with
individual risk of secondary infection in household con-
tacts. The same was observed in a French study [33].
By contrast, a recent US study found an inverse asso-
ciation between secondary attack rate and household
size [4], highlighting the need for further investigation
and the consideration of data from different geographi-
cal and cultural backgrounds when determining trans-
mission dynamics.

Estimates of the mean serial interval for seasonal influ-
enza from empirical data range from two to four days
[11,34], and different estimates of the mean serial inter-
val of the 2009 pandemic influenza, using both empiri-
cal and modelling data, were 2.5 to 2.7 days [35,36],
2.6 to 2.9 days [4], and 3.2 days [18]. Our empirical
estimate of the serial interval of pandemic influenza
in WA households, 3.2 days, matches these results
closely.

Our investigation has a number of strengths and limi-
tations. Whilst we did not include all confirmed pan-
demic influenza cases in WA, the sample size was
large and representative of all laboratory-confirmed
pandemic cases (although we were unable to control
for biases stemming from who was tested and who
was not) during the study period. Data were collected
from nearly all participants within seven days of noti-
fication, increasing the likelihood of accurate recall
of information. While a number of index cases were
unable to answer the questions and an adult proxy
answered questions on their behalf, this was unlikely
to introduce any systematic bias, and if anything would
be expected to weaken any real associations.

The fact that the household contacts who reported ILI
were not all tested for influenza infection may have
resulted in an overestimation of the number of second-
ary cases actually attributed to pandemic influenza.
However, of the secondary cases who did undergo
testing within 48 hours of symptom onset, the major-
ity (27 of 29) were confirmed to have pandemic influ-
enza infection. This estimate may be biased upwards
by preferential testing of those with influenza, as they
may have had more severe clinical illness than individ-
uals whose ILI had other causes.

It is also possible that secondary cases occurred as a
result of exposure outside the household. However, a
study of the molecular epidemiology of seasonal influ-
enza A virus transmission found that the majority of
cases of influenza in a household were the result of
transmission from the household index case and not
from external community sources [37].

This was a unique opportunity to study transmission of

pandemic influenza within households at a time when
little information on the disease was available. This
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large-scale investigation has shown that secondary
attack rates were similar to those seen with seasonal
influenza, as was the estimated serial interval. While
the secondary attack rate for children at pre-school
age was within the lower range of published rates for
interpandemic seasonal influenza, young children still
had the highest attack rates of all age groups, and
infected index children were more likely to transmit
infection. The results also indicate household contacts
with a respiratory disease are at an increased risk of
becoming secondary cases. In a pandemic setting
where antiviral medications are in short supply, it may
be important to prioritise the provision of prophylaxis
to the young and those with specific underlying medi-
cal conditions, such as respiratory disease, so as to
optimise the likelihood of reducing the individual, fam-
ily and community burden of disease.
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The World Health Organization (WHO) has recently pub-
lished a report based on data from Eurostat, the sta-
tistical office of the European Union (EU). The report,
“What does Eurostat’s Labour Force Survey say about
health and health inequalities in the European Union”,
is only available online [1].

The publication analyses data made available recently
from the Eurostat Labour Force Survey [2] and seeks
to measure health and socioeconomic inequalities in
health. It includes data from 25 European countries
and covers the period 1983-2004.

The report concludes that ‘the Labour Force Survey
may add a useful and hitherto unexploited resource for
measuring socioeconomic inequalities in health across
European countries and over time. Future research
should use the Labour Force Survey data to try to iden-
tify and measure the drivers of health inequalities in
the region’.

The main limitations of the report as stated by the
authors are that while they consider the potential of
the Labour Force Survey dataset to be of importance,
it has limitations from a health perspective because
its health information is exclusively related to various
dimensions of absence from the workplace due to ill-
ness, or to being employed.
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