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Background Surveillance indicators of influenza activity have
generally provided robust comparative trend data for England.
These indicators became less reliable, however, for monitoring
trends in activity, or comparisons with previous years, during the
influenza pandemic in 2009 because of changes in the perception
of risk and changes in the systems of healthcare delivery. An
approach was developed to estimate the number of cases of
influenza-like illness (ILI) occurring because of infection with
pandemic influenza virus.

Methods and findings The number of cases was estimated each
week in England on the basis of total number of patients
consulting healthcare services with ILI; estimates of the proportion
of individuals in the community experiencing an ILI-seeking
health care; and the proportion of these positive on laboratory
testing.

Almost 800 000 cases (range 375 000—1-6 million) of symptomatic
ILI cases were estimated to have occurred over the course of the
two waves of pandemic activity in England. More cases were
estimated to have occurred in the second wave than in the first.

Conclusions These results underestimate the total number of
infections as they do not include asymptomatic infections nor
those with mild illness not meeting the definition of a case of ILI.
Nevertheless, the case number estimates provide a useful indicator
of the trend in influenza activity and weekly data were extensively
used in media reports. Although surveillance methods differ
between countries, the approach of synthesising available data
sources to produce an overall estimate of case numbers could be
applied more widely to provide comparative data.
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Introduction

During seasonal influenza epidemics in England, the Health
Protection Agency (HPA) uses a variety of indicators to
assess the level and impact of influenza virus activity." This
information is used for the development and revision of
control and prevention policy and for healthcare planning.
Influenza virus infection may cause a wide spectrum of
clinical illness from asymptomatic infection through a typi-
cal influenza-like illness (ILI) to severe and life-threatening
respiratory illness, and a wide range of respiratory viruses
and other infections may cause an ILL As influenza is a
self-limiting illness in the majority of people, and generally
of mild (though sometimes greater) severity, most individ-
uals with symptomatic infection manage their own illness
without seeking formal health care.” Few of those who do

seek health care have specimens taken for confirmation of
infection. As a result, determining the number of people in
the population who have had symptomatic illness caused
by influenza during an epidemic is difficult. Routine sur-
veillance has been developed to provide an assessment of
the trends in the indicators of influenza activity and, by
maintaining consistent surveillance systems over many
years, comparisons of levels of such indicators are possible
with previous seasons.

With the emergence of the pandemic influenza A HIN1
virus in 2009, and the first identification of a case in the
United Kingdom (UK) in late April 2009 in a traveller
returning from North America,™® intensive surveillance
activities were begun to identify and test all suspected cases
in England. In common with other countries, a count of
confirmed cases was published during the initial phase of
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the pandemic. It was recognised that these case numbers
included only those identified and laboratory-confirmed
cases with symptomatic illness (conforming to the surveil-
lance definition for ILI) and did not include either those
with asymptomatic infection or those with very mild illness
not meeting the definition of ILL

Case numbers increased and sustained transmission was
recognised to be occurring in the community beyond those
cases and contacts identified as a result of intensive case
finding. It was then no longer feasible to test all identified
suspected cases and therefore to assume that those con-
firmed represented the total number of all symptomatic
cases occurring. An estimate of the number of cases was
considered to have the potential to provide a useful indica-
tor of the trend of symptomatic cases and provide a con-
tinuation of the assessment of case numbers from the daily
tally of laboratory-confirmed cases.

A further reason for estimating symptomatic case num-
bers was that it could not be assumed that people would
behave in the same way with illness caused by pandemic
HIN1 2009 influenza in seeking health care as they usually
do with seasonal influenza, for example, because of the
intense media publicity during the pandemic. Additionally,
in response to the pandemic in England, a telephone- and
web- based service, the National Pandemic Flu Service
(NPFS),® was established to reduce the pressure on general
practitioners from patients with ILI and to issue antiviral
medication. Patients were able, from 23 July 2009 to 11
February 2010, to contact NPFS by telephone or via the In-
ternet in order to be assessed for their eligibility to receive
antiviral medication. The introduction of this service fur-
ther altered the pattern of contact with primary care, mak-
ing comparison of consultation rates with previous years
inappropriate.

Methods were therefore developed to estimate the num-
bers of cases of ILI caused by pandemic influenza infection
based on the numbers of people seeking health care with a
compatible clinical illness adjusted according to the pro-
portion found to be positive for influenza virus infection
on laboratory testing. This article describes the methodol-
ogy employed and the results reported during the pan-
demic waves in England in 2009.

Methods

Surveillance methods

During the pandemic, there were two parallel healthcare
mechanisms whereby symptomatic cases came into contact
with healthcare services: primary care and the NPES.

To estimate the numbers of pandemic influenza-related
ILI cases consulting health care through these two systems,
three components were needed for each scheme: first the
proportion of ILI cases found to be laboratory positive;

H1N1 2009. Case number estimation |

secondly, the observed total number of patients consulting;
and thirdly, the proportion of cases seeking health care.

(1) Estimating numbers consulting GPs with ILI and the
proportion positive for pandemic influenza infection

Data on consultations with GPs for ILI were obtained
from the HPA/QSurveillance scheme.”® Data in this system
are extracted from the computerised records of information
systems of approximately 40% of all GPs. These data were
used to provide the estimate in the whole English popula-
tion of the number of patients consulting with ILI each
week.

To obtain an estimate of the proportion of patients con-
sulting with ILI whose illness was caused by pandemic
influenza infection, data from two virological surveillance
schemes in general practice were used. In the Royal College
of General Practitioners (RCGP) sentinel surveillance
scheme,” approximately 100 GPs report the number of
cases of ILI consulting each week. A subset of 50% of these
GPs obtain respiratory samples from a sample of patients
presenting with ILI and submit them for investigation to
the Respiratory Virus Unit of the HPA’s Centre for Infec-
tions."’

In a complementary scheme in England, approximately
60 GPs submit respiratory specimens from patients present-
ing with ILI to one of the laboratories in the HPA’s Regio-
nal Microbiology Network (RMN)."!

Viral RNA was purified from the swabs, and multiplex
real-time PCR for pandemic HINI, seasonal influenza
HIN1, H3N2 and influenza B was performed.'*> There was
a delay in testing some of the specimens for any particular
week, so that, when tests were completed for that week, the
positivity rate would be subsequently revised. The figure
quoted for the previous week was the one given to the
media. However, the model ran estimates based on each of
the previous weeks in subsequent weeks, and hence, revised
figures based on more accurate positivity rates were avail-
able (see Table 1).

(2) Estimating numbers consulting telephone (and Inter-
net) advice lines and the proportion positive for pandemic
influenza infection

Health telephone (and Internet) advice lines have also
been in existence for the last 10 years [NHS Direct for Eng-
land and Wales (http://www.nhsdirect.nhs.uk) and NHS24
in Scotland (http://www.nhs24.com)] and can be used for
sampling for microbiological diagnosis.'>'* The proportion
of callers with ILI who were positive for pandemic HINI
influenza was estimated by testing a subset of the ILI callers.
(a) NHS Direct is a telephone helpline, established in

1999, for the general public wishing to seek advice on
health problems. It is staffed by trained nurses who
use structured algorithms to assess caller’s queries and
determine appropriate management. Calls to NHS
Direct for illness consistent with colds or ILI (‘cold/-
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Table 1. Estimate and range of cases of pandemic (H1N1) 2009 by
week

Revised

Laboratory- Cases case numbers

confirmed (range) in (range) in
Week ending cases* thousands**  thousands***
7 June 2009 181 01 (0-0-0-1)
14 June 2009 385 0-4 (0-2-0-8)
21 June 2009 1316 2 (1-4)
28 June 2009 2841 8 (3-15)
5 July 2009 3544 15 (6-27)
12 July 2009 55 (30-85) 5 (10-45)
19 July 2009 100 (60-140) 75 (30-140)
26 July 2009 110 (60-160) 5 (25-120)
2 August 2009 30 (15-85) 45 (25-100)
9 August 2009 25 (15-60) 28 (14-61)
16 August 2009 11 (6-25) 12 (6-25)
23 August 2009 5(3-12) 6 (3-13)
30 August 2009 5 (3-10) 4 (2-08)
6 September 2009 3(2-7) 5(3-11)
13 September 2009 5(3-11) 8 (4-17)
20 September 2009 9 (5-20) 1(5-23)
27 September 2009 14 (7-30) 6 (8-35)
4 October 2009 18 (9-38) 8 (14-61)
11 October 2009 27 (13-58) 4 (17-75)
18 October 2009 53 (27-115) 56 (28-121)
25 October 2009 80 (39-169) 78 (39-169)
1 November 2009 84 (42-181) 70 (35-151)
8 November 2009 64 (32-140) 3 (27-115)
15 November 2009 53 (26-114) 0 (25-108)
22 November 2009 46 (23-99) 9 (19-84)
29 November 2009 22 (11-47) 23 (11-49)
6 December 2009 11 (6-24) 14 (7-30)
13 December 2009 9 (5-19) 11 (5-23)
20 December 2009 6 (3-13) 6 (3-13)

Cumulative 845 (415-1662) 788 (375-1644)

*Laboratory-confirmed case numbers during the period when
almost all suspected cases were tested.

**Case numbers as published at the end of each week.

***Revised weekly estimates based on additional results available by
20 December.

flu’) have been used to assess the trends in the occur-
rence of influenza in the population.'>'® In response
to the pandemic, callers aged 16 or over with ‘cold/-
flu’ were asked whether they would be willing to take
a nasal swab from themselves and return the swab in
the post to the HPA’s Centre for Infections for testing
(as described for GP samples earlier in this article). A
subset of those who said they would be willing to be
approached were contacted.

(b) The NPFS had been previously planned for a pan-
demic and was implemented in late July 2009.° Call-
ers were asked to ring NPFS (or contact NPFS

through an Internet site) if they had an ILI. Help-line
staff triaged calls and authorised antivirals to people
fulfilling the algorithm for likely influenza. A ‘flu-
friend’ of the patient collected the antivirals from
distribution points around the country. When this
system was fully operational, callers to NHS Direct
with ‘cold/flu” were passed on to NPES for assess-
ment. An age-group- and region-stratified, random
sample of those aged 16 years and older from the first
6000 individuals contacting NPFS each day, which
were authorised for antivirals and not referred to
their GP, were contacted with a letter and a self-
swabbing kit. Patients were asked to take a nasal swab
from themselves and return it in a prepaid envelope.
Self-sampling through NPFS replaced sampling
through NHS Direct from early August. From
November 2009, parents of children with ILI between
5 and 12 years were asked to swab their children, and
teenagers between 13 and 15 years were asked to self-
swab."”
(3) Proportions seeking health care
Estimates of the proportion of patients with ILI who
seek health care are difficult to obtain.'® This proportion is
likely to vary over time as the perception of risk and
health-seeking behaviour changes with media coverage of
an influenza epidemic and seriousness of cases (especially
press coverage of deaths caused by pandemic HINI). Esti-
mates of the proportion of ILI cases seeking health care
were based on ‘expert opinion’. Initially, it was assumed
that the proportion of ILI cases that would consult their
GP would be within the range of 20-50%. Estimates from
Flusurvey, an Internet-based follow-up of a cohort drawn
from the general population (http://www.flusurvey.co.uk),
indicated that this range was broadly correct (personal
communication — John Edmunds). When the NPES was
implemented, the estimate of the proportion seeking health
care (either by consulting their GP or by contacting the
NPES) was increased slightly to a range of 30-70% to
reflect the increased availability of healthcare options.
These two estimates were used during the course of the
pandemic, and no further attempt was made to revise these
for possible changes in health-seeking behaviour during the
course of the pandemic.

Statistical methods

The number of ILI cases consulting their GP or NPFS was
adjusted with a scaling factor for those not seeing any
health services and for the estimated proportion who genu-
inely had pandemic HINI1 infection. Estimates were made
by age group and region. The resulting estimate is given as
a range because of the range of uncertainty used for the
proportion of those with ILI contacting healthcare services.
The model used to obtain the estimated proportion
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positive for pandemic influenza provides some ‘smoothing’
as numbers by Strategic Health Authority (SHA) and age
group are often small, and the variations seen from week
to week are attributable, in part, to random variation as a
result of these small numbers. Data for the most recent
week were limited because of delays in receiving and pro-
cessing samples. The results for previous weeks were revised
to incorporate the results of tests that became available in
the subsequent weeks. Further details of the statistical
methods are given in the Appendix.

Results

A total of 788 000 symptomatic cases (range 375 000—
1 644 000) were estimated to have occurred during 2009
(Table 1). These estimates represent the revised figures
based on corrections following receipt of late results. The
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figures, as actually published at the end of each week, are
also shown in Table 1 along with the laboratory-confirmed
case numbers to the end of June. The distribution of these
cases over time is shown in Figure 1, by English region in
Figure 2 and by age group in Figure 3.

Two waves of pandemic influenza cases are apparent,
consistent with other data indicating two periods of clinical
influenza activity in the community interrupted by the
school summer holiday period. In contrast to the data from
consultations for ILI with general practitioners, however,
the estimated number of cases in the second wave is almost
twice that in the first wave (502 000 versus 285 500). Rates
of consultations with general practitioners in England were
much higher in the first wave than in the second because
of the introduction of the NPFS towards the latter part of
the first wave and operational during the whole of the sec-
ond wave."’

- = | oW
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Figure 1. Revised estimations of cases of 0+
pandemic (HIN1) 2009 by week. Estimated
numbers as recalculated on 20 December.
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Figure 2. Revised estimations of cases of
pandemic (H1N1) 2009 in each Strategic
Health Authority (SHA) by week. Regional
(SHA) figures are the estimated numbers as
recalculated on 20 December.
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The distribution of cases by geographical regions is very
heterogeneous in the first wave with particularly high num-
bers estimated in London and the West Midlands regions.
By contrast, during the second wave, the distribution of
cases is much more homogenous.

The highest rate in both waves occurred in school-age
children, 5-14 years of age, followed by young adults aged
15-24. Numbers of cases in the over 65-year age group
were very low.

Discussion

A central estimate of around 800 000 people was consid-
ered to have contracted an ILI caused by infection with
pandemic influenza HIN1 2009 in England during 2009
using the method described. A number of assumptions
were used in producing this estimate and, in view of the
uncertainties around these assumptions, a range is given
around this central estimate (375 000—1-64 million cases).
Subsequent information from serological surveys in the
population of England® and estimates derived from alter-
native mathematical and statistical models suggest that a
considerably higher proportion of the population was
infected during this period. The apparent discrepancies in
these estimates need to be understood to be able to assess
the validity of the case number estimations developed dur-
ing the pandemic and their usefulness as an indicator of
the trends and distribution of the disease in England.

The estimates of the numbers of cases of disease caused
by pandemic influenza infection have been based on the
reports of patients presenting with an ILI and consulting
healthcare services. This excludes three important groups:
those infected but not developing any symptoms at all;
those infected who developed a very mild illness that was

19-Jul  09-Aug 30-Aug 20-Sep 11-Oct 01-Nov 22-Nov 13-Dec

pandemic (H1N1) 2009 in each age group by
week. Age figures are the estimated numbers
as recalculated on 20 December.

not recognised or reported as an ILL; and those infected
and who develop ILI, but who do not consult healthcare
services (although a correction factor was introduced to try
to take this group into account).

The occurrence of asymptomatic infection is well recog-
nised with influenza virus infection in humans.*"** Mathe-
matical models typically assume that 33-50% of influenza
infections are asymptomatic or subclinical.*>** Influenza
infection is also recognised to cause a range of illnesses in
humans from mild coryza to fulminant pneumonia, as well
as to cause exacerbations of underlying chronic conditions.
Although an ILI is a common manifestation of symptom-
atic influenza virus infection, it is not seen in all cases. In
an unpublished study of a clinical and serological follow-
up of pupils (aged 13-18) and staff at a large boarding
school in England in 2009 in which an outbreak of pan-
demic influenza occurred, of those with serological evi-
dence of infection, approximately a third had an ILI, a
third had milder symptoms not reaching the definition of
an ILI and a third had no reported symptoms at all (Chi-
kwe Thekweazu — personal communication). As a result, it
is to be expected that estimates of the numbers of cases of
ILI will be considerably lower than the numbers estimated
to have been infected by the virus. As some parts of the
country were recognised to have been impacted by the pan-
demic to a much greater extent than others, it is also to be
expected that serological data from those areas will indicate
higher levels of infection.*

To reach the estimates of case numbers, the numbers of
individuals reported to be consulting their GPs or NPFS
with ILI were adjusted by two key factors: the estimated
proportion of patients experiencing an ILI who seek health
care and the proportion of people presenting with ILI
whose illness is the result of pandemic influenza virus

| e508

© 2011 Blackwell Publishing Ltd, Influenza and Other Respiratory Viruses, 5, e504-e512



infection. Both of these estimates are subject to uncertainty.
The likelihood of consulting with an ILI will be influenced
by perception of the severity of the illness, perception of
the subsequent risk to health, availability of effective inter-
ventions (accessible in the community or through health-
care consultation) and the accessibility of health care. It is
likely that as media coverage of the threat of the pandemic
varied, so too would the perception of risk on the part of
sick individuals. Information from a community survey of
symptomatic illness (FluSurvey) on the proportion of sick
individuals seeking health care during the first wave was
0-3 with the scaling factor (3-5) adopted in these case esti-
mates. In addition, a wide range was placed around this
estimate to allow for the uncertainty. With the introduc-
tion of the NPFS, and ready availability of antiviral treat-
ment for those with an ILI, it was assumed that the
proportion of sick individuals seeking health care would
increase slightly. It is highly likely, however, as the generally
mild nature of the illness became apparent during the pan-
demic, that the likelihood of consulting healthcare services
declined with time. This factor has not been taken into
account in these estimates, with the effect that the assess-
ment of the size of the second wave will be an underesti-
mate. Further information on this will become available
from sources such as FluSurvey. The accuracy of case num-
ber estimates would be increased with more robust infor-
mation on consulting patterns according to the phase of
the pandemic, and by geographical region, severity of ill-
ness and age group.

Subsamples of patients presenting to GPs or consulting
NHS Direct or the NPFS were asked to provide specimens
for laboratory testing to determine the proportion with evi-
dence of true influenza virus infection. It is likely that the
proportions found to be positive will have underestimated
the true level of infection somewhat. The PCR test utilised
has been demonstrated to be highly sensitive,” although
no laboratory test for infection can be 100% sensitive. In
addition, by the time samples were taken, a considerable
period will have elapsed since the onset of illness in some
patients. As swab positivity declines with longer delays
between symptoms and swabbing, cases in which the speci-
men was taken 6 days or more after onset of illness were
excluded from the calculation of the proportions positive.

As a consequence of these limitations, the estimates
reported in this study are acknowledged to underestimate
the absolute numbers of cases of symptomatic illness
occurring in the population of England during 2009. Nev-
ertheless, the use of this approach throughout the period of
the pandemic provided estimates that made it possible to
observe trends in the occurrence of illness, the distribution
of illness by age group and geographical region and to
compare the relative sizes of the two pandemic waves that
occurred in England in 2009.

H1N1 2009. Case number estimation |

Both the distribution of the estimated case numbers by
age group and geographical region were consistent with
information from other sources about the distribution of
pandemic influenza in England.'®*® During the first wave,
the London and West Midlands regions experienced large
numbers of school outbreaks and considerable pressure on
primary care, secondary care and public health services.
The case number estimates reflect these reports well. How-
ever, a population-based seroprevalence survey suggested
that in these worst affected regions, around one in three
children were infected in the first wave — 10 times the esti-
mated numbers given in this paper. Rather than this being
indicative of estimates being incorrect by a factor of 10, it
illustrates the very high asymptomatic or very mildly symp-
tomatic rates in children which do not fulfil the case defi-
nition for ILI. Numbers (Table 1 and Figures 1-3) were the
estimates of ILI cases caused by HINI not of the total
number of infections. Also this 10-fold difference is subject
to uncertainty in the estimates of ILI case numbers and
number infected such that it could be much lower or
higher. It is also possible that differences could affected by
the representativeness of both the biological and serological
samplings. The case number estimates provide insight into
the relative size of the waves in the pandemic. Data from
sentinel general practitioner consultation schemes suggest
that considerably higher numbers of people became ill dur-
ing the first wave than the second. The case number esti-
mates, however, indicate that the peak weekly numbers
with true infection was similar in both waves and that,
overall, the numbers of cases in the second wave was
greater than in the first. A total of 286 000 cases were esti-
mated to have occurred in the first wave compared with
502 000 in the second with a ratio of 1-8 times in the sec-
ond wave compared with the first (on the assumption that
healthcare-seeking behaviours did not change, but in prac-
tice they are likely to have and this would increase the sec-
ond wave compared with the first). Hospitalisations and
deaths from confirmed pandemic influenza infection indi-
cated that a much greater number of people were hospita-
lised (17 times, Colin Campbell -  personal
communication) or died (4-2 times)*’ in the second wave
compared with the first.

A potential explanation of the apparent discrepancy in
the levels of illness leading to healthcare seeking in the two
waves is that levels of concern about the threat of pan-
demic influenza were greater in the first wave and had con-
siderably subsided by the second wave. As influenza virus
infection, even during a pandemic, is only one of a number
of causes of an ILI, it is likely that a greater number and
proportion of people with illness not caused by pandemic
influenza consulted during the first wave. This is supported
by the lower proportion of cases in the first wave being
found to be positive on virological testing.

© 2011 Blackwell Publishing Ltd, Influenza and Other Respiratory Viruses, 5, e504-e512

509 |



[ Evans et al.

This approach provided an assessment of the number of
cases of ILI that was, as far as possible, independent of
changes in health-seeking behaviour and took into account
the proportion of presenting cases with true influenza virus
infection. It gave a consistent and useful indicator of the
trends in the occurrence of cases across the country and a
representative assessment of the distribution of cases by
geographical area and age group.

The limitations identified in this study highlight the
problems associated with producing estimates of absolute
numbers of cases of influenza in a population. It has not
been standard practice in the past in England or other
parts of the UK to provide the estimates of case numbers
in annual epidemics." A variety of indicators is used to
provide trends in the population (usually expressed as rates
per 100 000 population), which cannot only be used to
indicate trends and distribution of disease, but can also be
compared with data collected in the same way in previous
years. During the pandemic in 2009, considerable emphasis
was placed on the absolute numbers of cases estimated
using the methods described in this report as comparison
with previous years was subject to many differences in
health seeking behaviour and change in service delivery
(NPES) in particular. The value of the estimates obtained
using the method described lies in the ability to monitor
trends from week to week in the year in question and dis-
tribution of disease across the country, rather than to pro-
vide estimated absolute numbers of ILI caused by
pandemic HIN1. Although other countries will have differ-
ent sources of data, the principle of synthesising to obtain
an overall estimate of clinical case numbers is one which is
applicable outside England. These data were very useful in
describing trends to the media at a weekly press conference
held by the Chief Medical Officer for England and were
especially helpful when widespread testing ceased as the
press had become accustomed to hearing weekly counts on
how many people had tested positive for pandemic HIN1
2009. Further work is required to continue to synthesise
data to be able to provide an overall estimate in future sea-
sons when the parameters contributing to such an estimate
may change, thus ensuring spatial and temporal trends can
be monitored. A Bayesian synthesis of multiple sources of
evidence is now being developed from which the symptom-
atic case count is one of several important parameters that
the model estimates. This approach allows a much more
robust estimate of the uncertainty to be obtained but
requires serological data to provide independent validation
for the estimates obtained.
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Appendix - statistical method

The method used provides an estimate of the number of
symptomatic pandemic HINI cases, fij, occurring in age
group 7, SHA j and week k.

The estimate fiis obtained using Eqn 1

Ak = QiiTicy, + Fixmry, (1)

where QAijk is the estimated GP ILI consultations from
QSurveillance, 7, is the estimated positivity obtained
from the RCGP and RMN swabbing schemes, Fjj is the
number of antiviral collections obtained from the NPFS,
and 7g, is the estimated positivity obtained from the NPFS
swabbing scheme.

H1N1 2009. Case number estimation |

The estimated total cases of symptomatic pandemic
(HIN1) 2009 is obtained using Eqn 2

NEk = SE, Z Z ﬁijk (2)
i

where sg, is a scaling factor. This scaling factor comprises
of both an estimate for the proportion of symptomatic
pandemic HIN1 cases that seek health services and the
uncertainty in the estimated positivity. For the latter, the
average of the median relative upper and lower half-inter-
val widths for both schemes was 0-3.

There were no data from which the proportion of symp-
tomatic pandemic HIN1 cases that seek health services could
be estimated from directly. Therefore, this was elicited from
expert clinical opinion in the light of the information
obtained from flu survey. The proportion seeking health ser-
vices has been estimated for two periods, pre and post the
inception of the NPFS. Owing to the uncertainty in the pro-
portions seeking health care rather than using a single-point
estimate, the extremes of the likely range within which this
proportion may lie was used, providing a range within which
the total number of symptomatic cases each week may lie,
with the midpoint of this range also being presented.

The scaling factors are subscripted by E to denote the 0
(mid), =1 (low) or 1 (high) estimates. Prior to NPFS being
implemented, the range of proportions for symptomatic
cases seeking health services was considered to be 0-2-0-5, i.e.
for each cases seeking health care, there were between 1 and
4 additional cases not seeking health care. The proportions
were increased to 0-3-0-7 once the NPFS was operational. To
allow for the uncertainty in the estimated positivity, the aver-
age half confidence interval wide (30% of the point estimate)
was used to inflate the upper number of cases by 30% and
reduced the lower number of cases by 30%. The scaling fac-
tors used are given in Table 2.

The scaling factors sp,used in the estimation equate to
29% of symptomatic cases visiting their GP prior to the
introduction of NPES and 50% of symptomatic cases either
visiting their GP or self-referring to NPFS, once NPES was
established.

The estimated numbers of GP ILI consultations Qijk is
obtained from Eqn 3

Qijk = Qijk Q (3)
Dijk

where Qi is the total number of GP ILI consultations
reported by QSurveillance, pj is the average daily total
number of patients registered at the GP practices sending
data to QSurveillance, and 13,-1- is the estimated 2007 popula-
tion obtained from the Office of National Statistics. (http://
www.statistics.gov.uk/statbase/Product.asp?vink=15106)
Both 7, and 7ip, are estimated from the virological
results obtained from the swabbing schemes using mixed
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Table 2. Scaling factors (sg,)

Time period

Low estimate (E = —1)

Mid estimate (E = 0) High estimate (E = 1)

Up to week ending 26th July (t = 0)
Starting the week beginning 27th July (t = 1)

Ly L
—14 S0, = E%) =35

— () -13=6
= (&) 220 s, = () 13 =43

effects logistic regression models. Because of the relatively
small numbers of swabs taken, Strategic Health Authorities
(SHAs) have been grouped into four regions (cGOR):
North (East Midlands, north-east, north-west and York-
shire and the Humber), South (east of England, south cen-
tral, south-east coast and south-west), West Midlands and
London. West Midlands and London were the SHAs most
affected in the first wave. Equation 4 gives the model used
to estimate the positivity from the GP swabbing schemes

logit(ﬁx,-jk) = /}o + BJ + thz + /}31‘3 + /}4t4 + Bs * Pij(k—1)
+ ﬁ(5+i) - age group; + ﬁ(5+max{i}+k) - cGORy + uj

where X is either G (RCGP) or F (NPFS) scheme, t is the
centred week, and additional terms f(i = 2,3,4) were
included at points in time when this improved the model
fit. pijk-1)is the first-order lagged observed positivity, and
uj. is the random effect. Rather than including two inde-
pendent random effects for region and week, these were
cross-classified to obtain a single random effect that allows
estimates to vary over time by region. Separate models
were fitted to those aged below 44 and 45 or older. These
models were fitted using Stata 10.1.
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