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Abstract

Background: Telehealth systems have a large potential for informing public health authorities in
an early stage of outbreaks of communicable disease. Influenza and norovirus are common viruses
that cause significant respiratory and gastrointestinal disease worldwide. Data about these viruses
are not routinely mapped for surveillance purposes in the UK, so the spatial diffusion of national
outbreaks and epidemics is not known as such incidents occur. We aim to describe the
geographical origin and diffusion of rises in fever and vomiting calls to a national telehealth system,
and consider the usefulness of these findings for influenza and norovirus surveillance.

Methods: Data about fever calls (5- to 14-year-old age group) and vomiting calls (> 5-year-old age
group) in school-age children, proxies for influenza and norovirus, respectively, were extracted
from the NHS Direct national telehealth database for the period June 2005 to May 2006. The
SaTScan space-time permutation model was used to retrospectively detect statistically significant
clusters of calls on a week-by-week basis. These syndromic results were validated against existing
laboratory and clinical surveillance data.

Results: We identified two distinct periods of elevated fever calls. The first originated in the
North-West of England during November 2005 and spread in a south-east direction, the second
began in Central England during January 2006 and moved southwards. The timing, geographical
location, and age structure of these rises in fever calls were similar to a national influenza B
outbreak that occurred during winter 2005-2006. We also identified significantly elevated levels of
vomiting calls in South-East England during winter 2005-2006.

Conclusion: Spatiotemporal analyses of telehealth data, specifically fever calls, provided a timely
and unique description of the evolution of a national influenza outbreak. In a similar way the tool
may be useful for tracking norovirus, although the lack of consistent comparison data makes this
more difficult to assess. In interpreting these results, care must be taken to consider other
infectious and non-infectious causes of fever and vomiting. The scan statistic should be considered
for spatial analyses of telehealth data elsewhere and will be used to initiate prospective geographical
surveillance of influenza in England.
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Background

Disease surveillance systems are used for identifying
important events and trends within the distribution of
known diseases. This information should inform and
drive public health action. Traditionally, laboratory
reports and clinical diagnoses are used for disease surveil-
lance, providing epidemiological details about the time,
person and place associated with disease. In recent years
there has been a growth in syndromic surveillance systems
that collect and analyse pre-diagnostic data to provide an
early warning of infectious disease outbreaks or potential
bio-terrorist attacks [1]. These systems have been success-
ful in detecting rises in syndromes associated with com-
mon viral diseases [2,3]. Influenza and norovirus are two
such viruses that cause significant respiratory and gas-
trointestinal disease in the UK [4,5] and worldwide. Both
are responsible for outbreaks within healthcare [6] and
educational settings [7], and are associated with signifi-
cant economic costs [8,9].

The influenza virus causes an acute infection of the respi-
ratory tract characterised by cough, fever and myalgia, and
in more serious cases can lead to pneumonia. Its epidemi-
ology has been studied in great detail, partly due to the
ability of the virus to mutate, causing national epidemics
and worldwide pandemics (for example, during 1918,
1957 and 1968). On a population level the disease
spreads via a combination of contagious diffusion (wave-
like from a central or multiple foci) and hierarchical diffu-
sion (movement from large to smaller towns) [10]. Dur-
ing the 1918-1919 pandemic in the UK influenza moved
in a southerly, then northerly, then southerly direction
during three successive epidemic waves [11]. Although
there has been a secular decline in the incidence of influ-
enza-like illness (ILI) in the UK in recent decades [4], ele-
vated activity still occurs during winter, often reaching
peak levels first in Northern England [7,12]. For example,
the winter of 2005-2006 was marked by a national out-
break of influenza B and nearly 700 reported school out-
breaks during January and February. A well-established
surveillance programme [13] published weekly reports
throughout the winter, summarising clinical incidence
and laboratory data and tabulating regional levels.

Norovirus is associated with projectile vomiting and diar-
rhoea. There are an estimated 700,000 cases in England
each year [5], although it is estimated that only one out of
every 1600 cases reaches national laboratory surveillance
[14], prompting calls for methods of supplementing cur-
rent surveillance systems. Like influenza, new strains of
norovirus may emerge [15], causing significant illness and
arise in reported outbreaks. The geographical variation in
community infection rates of norovirus is poorly under-
stood in the UK as the 'gold standard' for surveillance is
considered to be outbreak reports. These reports originate
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mainly from institutional rather than community settings
[6] and are neither timely nor reported in a consistent
manner across the country.

Neither influenza nor norovirus data are routinely
mapped for surveillance purposes in the UK. This means
that the local incidence, and the spatial diffusion of
national epidemics, cannot be described prospectively for
public health teams, health service planners and the pub-
lic. The Health Protection Agency (HPA) currently collects
and analyses data from a national telephone triage service
(NHS Direct) for syndromic surveillance purposes [16].
NHS Direct covers the whole of England and Wales and is
widely used by the population. NHS Direct nurses record
demographic and syndromic call details over the tele-
phone so the call data offer potential for disease surveil-
lance. Therefore, analysing the usefulness of NHS Direct
data has a wider relevance for public health and prepared-
ness.

In this article we have used syndromic data about NHS
Direct fever and vomiting calls, of which there are many
infectious and non-infectious causes. On a national and
regional level, NHS Direct fever calls for school-age chil-
dren rise at the same time as laboratory reports of influ-
enza B [17]. Vomiting calls rise during periods of
increased norovirus activity nationally [18]. Develop-
ments in NHS Direct data management systems now ena-
ble syndromic call data to be extracted and analysed to a
local level. In this study we aimed to characterise the geo-
graphical origin and diffusion of rises in NHS Direct fever
and vomiting calls (that is, potential epidemics). Freely
available spatiotemporal analyses software (SaTScan) was
used to detect clusters of elevated NHS Direct calls on a
week-by-week basis. We compared these syndromic
results with existing laboratory and clinical surveillance
data in order to determine whether NHS Direct data pro-
vide a sensitive and timely means of describing local and
national level increases in common viruses.

Methods

Data collection

Data were extracted from the NHS Direct national data-
base about the syndrome, time of call, age group, and
postcode district (geographical identifier) of each NHS
Direct call in England for the period June 2005 to May
2006. At the time of analysis a single year's postcoded data
were available. A geographical information system (Map-
Info GIS) was used to assign a Primary Care Trust (PCT)
code to each call. The PCT is the local unit of administra-
tion for primary and public health services in England.
There are 151 PCTs with an average population of
353,000 people. Two subsets of NHS Direct data were
extracted: fever calls for the 5- to 14-year-old age group,
used as a proxy for influenza B infection, which predomi-
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nantly affects school-age children; and vomiting calls for
the > 5-year-old age group, used as a proxy for norovirus
infection. Vomiting calls about those younger than 5 years
old were excluded from the analysis to remove the poten-
tially confounding effect of rotavirus (another common
viral cause of vomiting which almost exclusively affects
children under 5 years old). It is not currently possible to
extract multiple symptoms linked to individual callers
due to the way in which call details are stored within the
NHS Direct call database.

Statistical methods

Data were analysed using the SaTScan scan statistic to ana-
lyse spatial, temporal or spatiotemporal data [19]. The
scan statistic uses circular windows (potential cluster
areas) starting as a single point (PCT location) and
increasing in radius to form an additional circle each time
a new point is reached. The maximum spatial extent and
time period of the circles is defined by the user; in this case
it was set to extend to 50% of the total population of Eng-
land. For each circle the number of observed and expected
cases is calculated as well as a likelihood ratio and relative
risk (RR) to determine whether the call rate inside the cir-
cle is greater than the area outside (that is, a cluster). The
statistical significance of clusters with an excess of cases
(observed > expected) is calculated by using Monte Carlo
hypothesis testing to compare the real data against ran-
domly generated datasets. Clusters with a significantly ele-
vated RR (p < 0.05) were stratified into five levels of risk
and mapped using a GIS. If a PCT was contained within
two overlapping clusters the RR with the lowest p-value
was mapped, a method borrowed from Boscoe et al to vis-
ualise SaTScan output [20]. The application of the scan
statistic to communicable disease surveillance has been
described extensively elsewhere [21-24].

Analyses

We used a three-stage process to address our aims. For
stage 1 we mapped annual total NHS Direct call rates by
PCT and used the SaTSCan scan statistic to identify areas
of high call rates all year round ('global clustering'). Glo-
bal clustering may bias the results of the weekly analyses
(stage 2) by causing frequent but misleading clusters of
syndromic calls in areas of high total call rates. Account-
ing for the results of stage 1, stage 2 was a spatiotemporal
analysis of syndromic calls to describe the location and
diffusion of significant rises in fever and vomiting calls.
Stage 3 used existing influenza and norovirus surveillance
sources (GP consultations, laboratory reports, outbreaks)
to describe the accuracy and usefulness of NHS Direct syn-
dromic data. A similar staged approach has been used pre-
viously to identify clusters of Escherichia coli 0157 cases in
Canada [24].
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Stage I: mapping total NHS Direct call rates

Total annual NHS Direct call rates (all ages, 5 to 14 years
and > 5 years) were mapped by PCT. We then conducted
a single retrospective spatial analysis of one year's call data
using the SaTScan Poisson probability model. This tested
for areas with significantly high or low annual call rates
over the whole study period. Three data files were
required for analysis: the number of calls per week in each
PCT (numerator), the population of each PCT (denomi-
nator), and the grid coordinates of the centroid of each
PCT (location). The PCT was preferred as the unit of anal-
ysis (rather than the smaller postcode district) to test pro-
vision of PCT-based data for seasonal influenza
surveillance and pandemic influenza preparedness, and
to maintain statistical stability by avoiding generating
clusters with very small numbers of calls, which in prac-
tice are unlikely to be investigated further. This choice of
geographical unit is discussed later in the article.

Stage 2: spatiotemporal analyses of syndromic calls

The results of stage 1 (described in the results section)
indicated that there was significant global clustering and
spatial heterogeneity in local call rates. To correct for this
underlying spatial variation, the SaTScan space-time per-
mutation model was used to conduct further analyses.
This approach requires only case data (in this case either
fever or vomiting calls) and adjusts for purely spatial or
purely temporal clusters. For this method the number of
observed calls in a cluster is compared with the expected
number, assuming that the spatial and temporal locations
of calls are independent of each other (no space-time
interaction). At each time interval specified, a cluster is
identified if a specific area has a higher proportion of
excess cases than surrounding areas. Therefore areas with
historically high usage of NHS Direct (identified in stage
1) will not bias the results. Also, if during a specific week
(for example, the Christmas holiday when doctors' surger-
ies are closed) all areas experience a doubling of vomiting
calls, no clusters will be identified. Such a national rise
would be detected by the existing NHS Direct syndromic
surveillance system [16]. Changes in PCT population over
the study period could hypothetically cause clusters in
areas with increased population and reduce the probabil-
ity of clusters in areas with decreased population. Our
study period covered a single year so population change is
considered negligible.

We used the space-time permutation model (on historical
data) to mimic prospective surveillance and identify 'live'
clusters (clusters ending with the most recent date) lasting
1 week and with a p-value of p < 0.05. We retained the
maximum cluster population size of 50%. SaTScan uses
cases (calls) as a proxy for population in the space-time
permutation model as only case data are included. The
first 4 months' data (1 June 2005 to 2 October 2005) were
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used as the control period on which the scan statistic cal-
culates an expected count for each location. Repeated
analyses were performed for each additional week's data
for a test period from 3 October 2005 to 21 May 2006 for
fever calls (5 to 14 years) and vomiting calls (> 5 years)
separately. Although daily NHS Direct data were available
we conducted weekly analyses to simplify the presenta-
tion of data and align temporal comparisons with clinical
and laboratory data which are available weekly. Details of
the location, observed and expected calls, and level of sig-
nificance of each significant space-time cluster were
recorded. The ratio of observed to expected calls (O/E) for
each cluster was mapped for each weekly analysis using
the same method as in stage 1.

Stage 3: comparison against existing surveillance data

The dates and spatial distribution of fever clusters (identi-
fied in stage 2) were compared against: routinely available
influenza surveillance data; weekly ILI rates for the 5- to
14-year-old age group for Northern, Central and Southern
England (obtained from the Royal College of General
Practitioners Weekly Returns Service) [25]; and the weekly
number (all ages combined, influenza A and B separately)
of positive influenza samples from community sources
from the HPA Centre for Infections virological surveil-
lance scheme [13]. The dates and spatial distribution of
vomiting clusters were compared against weekly numbers
of norovirus outbreaks recorded by the HPA Centre of
Infections Modular Open Laboratory System (MOLIS),
presented by the region of origin of laboratory samples.
The MOLIS database was recommended as a suitable
source of outbreak data as each laboratory sample has an
outbreak code and report date, making it possible to
derive the number of outbreaks per week and region.

Results

During the study period there were 4,728,939 NHS Direct
calls from the public seeking advice for all symptoms of
which 4,406,607 (93%) were linked via a postcode to a
PCT. The total call rate was 82.1 calls per 1000 people,
ranging from 33.9 to 212 per 100,000 between PCTs.
Annual syndromic calls for fever (5 to 14 years) and vom-
iting (> 5 years) are summarised in Table 1.

Stage |
The highest all-symptom annual call rates (in excess of
100 calls per 1000/year) were found particularly in the
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North-West and Yorkshire and Humber regions, with
other areas of high incidence areas scattered throughout
England (Figure 1). Spatial analyses of these data high-
lighted two areas of significantly high call rates (RR: 1.3 to
1.5; p = 0.001) in Northern England and Nottingham-
shire, and a widespread area of significantly low call rates
across Central and Eastern England (RR: 0.8 to 0.9; p =
0.001); see Figure 2. Total call rates for the 5- to 14-year-
old and > 5-year-old age groups exhibited a similar geo-
graphical variation by PCT (not presented).

The significant geographical variation in total call rates
meant that if we had adopted a similar SaTScan model for
the iterative weekly analyses of syndromic data (stage 2)
the results would have been largely determined by this
underlying variation in call rates. The space-time permu-
tation model was used, therefore, whereby a baseline
period is used to establish the expected weekly number of
syndromic calls in each PCT.

Stage 2

There were 27 fever clusters during the study period (p <
0.01), all but one within a 15-week period between
November 2005 and March 2006 (Table 2). The clusters
ranged from 2 to 72 PCTs in size (mean 34), and from 18
to 937 fever calls (mean 310). The shaded areas on the
maps (Figure 3) denote areas with statistically high
observed numbers of fever calls ('clusters') compared with
the expected number. The first significant cluster was
detected in North-West England during week 47 in 2005.
This area of raised fever incidence increased in size to
cover large areas of Central and Northern England by
week 52 in 2005. A second rise in fever calls began with a
cluster in Central England during week 02 in 2006 and
spread south, reaching its maximum extent during week
07 in 2006. Isolated clusters lasting a single week were
detected in Hertfordshire (week 50 in 2005) and North-
umberland (week 14 in 2006).

There were 22 vomiting clusters (p < 0.01), all but three
within a 14-week period between December 2005 and
March 2006 (Table 3). The clusters ranged from 4 to 74
PCTs in size (mean 32), and from 85 to 1345 vomiting
calls (mean 555). Sporadic 1-week clusters of vomiting
calls were observed in the North-West and Southern Eng-
land between weeks 40 and 50 in 2005. A widespread sig-
nificant rise in vomiting calls occurred in South-East

Table I: Numbers, rates per 1000/year and percentages of syndromic calls (June 2005 to May 2006)

Number of calls

Call rate per 1000/year (range within Primary
Care Trusts)

Syndromic calls, as a percentage of total calls for
same age group

88,452
23,431

Vomiting calls (> 5 years)
Fever calls (5 to 14 years)

1.8 (0.6 to 3.2) 2.5%
3.7 (1.1 to 8.5) 6.4%
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Table 2: Description of all significant fever clusters (p < 0.05) detected by the scan statistic during our test period (23 October 2005 to

21 May 2006)
Year Week Location Number of PCTs involved  Observed calls (O) Expected calls (E) OJ/E  p-value
(centroid PCT) (radius in km) [based on control period]

2005 47 Ashton, Leigh and Wigan 8 (20) 34 I5 223 0.005
48 Warrington 8(22) 42 20 2.15 0.002
49 North Lancashire I (6l) 71 31 227 0.001
49 Salford 19 (39) 100 57 1.75  0.001
50 East Lancashire 29 (72) 214 125 1.71  0.001
50 East and North Hertfordshire 2(22) 18 5 3.33  0.001
51 North Lancashire 50 (147) 394 245 1.6 0.00l
51 South Staffordshire 59 (125) 404 309 1.31 0.01
52 Wirral 22 (71) 156 100 1.56  0.001
52 Hull 72 (185) 347 278 1.25 0.008

2006 02 Derbyshire County 12 (50) 114 66 .74 0.001
03 Nottingham City 21 (75) 266 170 1.56 0.001
03 Telford and Wrekin 20 (74) 191 135 1.42  0.001
04 Leicester City 31 (92) 405 276 .47  0.001
04 Shropshire County 15 (64) 175 110 1.59  0.001
04 Bath and North East Somerset 31 (140) 325 251 1.29  0.002
05 Gloucestershire 76 (154) 937 722 1.30 0.001
05 Mid Essex 72 (185) 879 720 122 0.001
06 Southampton city 69 (164) 889 661 1.34 0.001
06 North East Essex 66 (187) 855 660 1.30 0.001
07 Torbay 32 (250) 337 251 1.34  0.001
07 East Sussex Downs and Weald 68 (194) 549 453 1.21  0.003
08 West Sussex 18 (64) 117 72 1.6l 0.001
08 Oxfordshire 38 (87) 201 149 1.35 0.0l
09 West Hertfordshire 21 (34) 124 74 1.68  0.001
09 Berkshire West 30 (76) 212 148 143 0.001
14 Northumberland 6 (62) 33 13 246 0.001

PCT, Primary Care Trust.

England in week 51 of 2005, reaching its maximum extent
in week 05 of 2006 (Figure 4).

Stage 3

The pre-Christmas significant cluster of NHS Direct fever
calls (5 to 14 years) in North-West England (weeks 47 and
48 of 2005) occurred prior to a pre-Christmas rise in GP-
diagnosed ILI (5 to 14 years) in Northern England (peak-
ing in week 50 of 2005) and reports of early influenza B
outbreaks in primary schools in the North-West reported
in week 49 of 2005 (Figure 5) (see [7]). The second signif-
icant rise in NHS Direct fever calls originated in Central
England during week 02 of 2006, 2 weeks prior to a rise in
ILI above baseline levels in Central England (30 per
100,000, see [4]). The subsequent southerly movement
and expansion of this rise in fever calls during weeks 03 to
07 in 2006 occurred concurrently with a rise in ILI peak-
ing first in Central England (week 06 in 2006) and then
Southern England (week 07 in 2006), and a rise in labo-
ratory reports of influenza B peaking in weeks 05 and 06
of 2006. A rise in laboratory reports is defined as five or
more laboratory reports during two consecutive weeks

[4])-

The majority of the norovirus outbreaks from the MOLIS
database were from the North-West, South-East and Lon-
don regions (84%). There was a period of elevated num-
bers of outbreaks in the London and South-East regions
between November-December 2005 and March 2006
(week 02 in 2006 peak was 26 outbreaks) and a later peak
in North-West outbreaks during April (week 15 in 2006
peak was 34 outbreaks). The period of significantly high
vomiting calls in South-East England was contained
within this period (December 2005 to mid-February
2006) with localised vomiting clusters in South-East Eng-
land lasting until March 2006.

Discussion

Spatiotemporal analyses of telehealth calls may serve as a
useful adjunct to influenza surveillance. Our analyses of
NHS Direct fever calls have provided a clear and detailed
geographical description of seasonal influenza in England
in 2005-2006. We have identified two distinct periods of
significantly high NHS Direct fever calls regarding school-
age children. The first rise originated in North-West Eng-
land during late November 2005 and spread in a predom-
inantly eastwards and then southwards direction over the
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Week 2005/47 Week 2005/48 Week 2005/49

Week 2005/50
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Figure 3

outbreak

Areas with significantly high numbers of fever calls. Areas with significantly high numbers of fever calls (clusters) dis-
played as observed/expected ratios by week and location of the first reported influenza B outbreaks. There were no significant
clusters prior to week 47 in 2005 and after week 14 in 2006 during our test period.

following month. The second rise began in Central Eng-
land during mid-January 2006 and moved southwards to
eventually cover all of southern England. The timing and
geographical location of these rises in fever calls appear
similar to a national influenza B outbreak occurring dur-
ing winter 2005-2006 affecting the same age group,
although they were visible slightly earlier than in other
data sources. We also identified significantly elevated
numbers of vomiting calls in Central and South-East Eng-
land during December 2005 to February 2006, within a
longer period of elevated norovirus outbreak reports in
the South-East. There was no apparent spatial correlation
between vomiting calls and an April 2006 rise in norovi-
rus outbreaks in the North-East of England. Assessment of
the usefulness of vomiting call data for monitoring the
spread of norovirus was limited by inconsistent regional
level outbreak sample data within our norovirus data
source.

We discuss these results from two perspectives. The first
and general perspective relates to the potential of a tele-
phone triage system, such as NHS Direct, for surveillance

purposes; the second perspective for discussion concerns
the specific findings and limitations of the current spatial
analysis.

The potential of telephone triage systems for surveillance
Telephone triage health systems may be useful for surveil-
lance purposes for a number of reasons. These services are
generally available to the entire population of the area
covered and, in the case of NHS Direct, are centrally man-
aged. This means that clinical algorithms are chosen in a
consistent manner between call centres (although experi-
enced NHS Direct nurses may be more likely to provide
self-care advice than more junior colleagues [26]). Sec-
ond, the data are available on a daily basis as opposed to
GP- and laboratory-based surveillance systems, which
generally report weekly. Third, telehealth is many people's
first or only point of contact with the health service, pro-
viding an early opportunity to identify an increase in ill-
ness potentially 'under the radar' of other systems.

Despite the above, call data will only provide meaningful

intelligence if callers' reported illness is representative of
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Table 3: Description of all significant vomiting clusters (p < 0.05) detected by the scan statistic during our test period (23 October 2005

to 21 May 2006)

Year Week Location Number of PCTs involved  Observed calls (O) Expected calls (E) OJ/E  p-value
(centroid PCT) (radius in km) [based on control period]

2005 40 Portsmouth City Teaching I (8l) 229 171 1.34  0.006
46 East and North Hertfordshire 9 (33) 121 80 1.52 0.002
49 Suffolk 31(113) 367 292 126  0.004
50 Luton 4(22) 85 47 1.79  0.001
51 Bedfordshire 5(37) 147 86 1.7 0.001
51 Hounslow 41 (59) 8l 687 1.19  0.001
52 Eastern and Coastal Kent 59 (167) 1354 1204 1.12 0.007

2006 Ol Hammersmith and Fulham 43 (64) 744 612 122 0.001
02 Suffolk 36 (115) 525 412 1.27  0.001
03 Bexley 56 (113) 896 737 1.21  0.001
04 Great Yarmouth and Waveney 29 (165) 429 331 1.29  0.001
04 Milton Keynes 55 (93) 799 688 1.16  0.009
05 South Gloucestershire 65 (161) 1023 860 1.19  0.001
05 Brighton and Hove City 46 (97) 789 662 .19 0.001
05 Cambridgeshire 74 (144) 1177 1046 1.12 0.009
06 Southampton city 44 (116) 822 689 1.19  0.002
06 Bedfordshire 26 (67) 480 394 122 0.007
07 East and North Hertfordshire 18 (41) 293 214 1.37  0.001
09 Bedfordshire 11 (52) 249 183 1.36  0.002
10 East and north Hertfordshire 12 (37) 241 164 1.47  0.001
10 Newcastle 8 (46) 156 108 1.45  0.002
12 Great Yarmouth and Waveney 31 (167) 469 370 1.27  0.001

PCT, Primary Care Trust

community morbidity. In England and Wales, total NHS
Direct call rates (82 per 1000 in England) are approxi-
mately 3% of annual GP consultation rates for all illness
(2700 consultations per 1000; A. Elliot, personal commu-
nication). One-quarter of the population have used NHS
Direct [27]. Our work identified areas of significantly high
NHS Direct call rates in Northern England and substantial
variation between PCTs (ranging from 33 to 212 calls per
1000 people per year). This disparity is influenced by a
combination of factors, including local arrangements for
provision of GP out-of-hours services (generating on aver-
age 160 calls per 1000 people per annum [28]), social
deprivation [29] and the length of time the local NHS
Direct site has been in operation [27].

NHS Direct receives a disproportionately high number of
calls about children under 4 years old (four times higher
than the total call rate) and women of child-bearing age
(twice the male call rate). Both of these groups tradition-
ally have a high health service utilisation in the UK [30].
This reporting tendency could have advantages for timely
sentinel surveillance of children, to provide early warning
of more widespread population impacts. Older people,
who have high GP and hospitalisation rates, use NHS
Direct the least of any age group. This age and gender bias
is consistent with large public telephone triage systems in
New Zealand [31], Australia [32] and Canada [33]. NHS
Direct data are, therefore, most suited to surveillance of

common illnesses in the UK for those aged below 65
years. Measures must be taken to account for spatial vari-
ation in usage, such as establishing local baselines from
which to detect real variation in call incidence (as
employed in this study using a scan statistic).

Prospectively NHS Direct telephone triage data have been
used to identify sharp rises in syndromes at a regional and
national level [16,17]. The retrospective analysis reported
here has demonstrated that it is also possible to identify a
sub-regional rise in calls suggestive of influenza infection.
Other potential benefits include the use of the data to
inform the NHS Direct responsive messaging service, an
operational tool designed to help manage service demand
and to inform patients of relevant topical information
(for example, 'flu and colds', 'diarrhoea and vomiting').
Trends in calls may either act as a trigger to initiate respon-
sive messages or provide statistical support for the ongo-
ing provision of this health advice. In addition, as well as
monitoring calls suggestive of infections, these data are
also used for the acute response to major incidents. For
example, during July 2007, daily surveillance of calls iden-
tified a statistically significant 40% rise in calls in the
Gloucester flood region (caused in part by a rise in people
seeking health information and advice). This information
was used to brief a national incident team and the Gov-
ernment on the health effects of the floods.
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Areas with significantly high numbers of vomiting calls. Areas with significantly high numbers of vomiting calls (clusters)
displayed as observed/expected ratios by week. There were no significant clusters prior to week 40 in 2005 and after week 12

in 2006 during our test period.

A qualitative evaluation has explored the usefulness of
these telephone triage data for surveillance amongst a
sample (n = 91) of users of the system (those that receive
surveillance bulletins and 'alerts') [34]. The most com-
monly cited benefits of the surveillance were: providing
real-time information for incident teams, local PCTs,
media messages, and question and answer briefings for
GPs and the public; supporting national plans (for exam-
ple, surveillance of heat stroke calls during the heatwaves
of 2003 and 2006); and preparing laboratory staff for an
expected increase in specimens.

In recent years, the number of telephone triage systems
has increased internationally in reaction to demands for
rapid assessment and reassurance of people with health
problems, and in an attempt to reduce the use of face-to-
face health services, especially out of hours. Therefore, our
results may be useful in other countries where there is a
perceived need for real-time monitoring of common syn-
dromes (both infectious and non-infectious). The ability
of the telephone triage reporting software to map call data
in real-time (not the case with NHS Direct) would also
prove useful for analysing local demand for telephone
triage, and for evaluating the impact of promotional activ-
ities.

Strengths and weaknesses of the current spatial analysis

There are several weaknesses to this work. NHS Direct
vomiting calls are likely to be caused by a range of viral
and bacterial disease pathogens. This may partially hide,
within the data, the true seasonality of norovirus reported
to NHS Direct. It is possible that only new norovirus vari-
ants will have a substantial impact on the national burden
of vomiting calls for this age group (= 5 years) displaying
a pattern of national diffusion rather than regional raised
incidence. For example, the novel norovirus genogroup
114 variant caused an increase and atypical summer peak
in outbreaks across the UK and continental Europe [15]
during 2002. Also, norovirus-infected individuals phon-
ing NHS Direct may be reflective of norovirus outbreaks
in community settings (for example, schools, food out-
lets), which exhibit little seasonal variation [6] and there-
fore do not exhibit clear seasonality within our telehealth
data. Conversely, outbreaks in semi-closed institutional
settings (for example, hospitals, residential homes) show
a clear winter peak but these cases are unlikely to tele-
phone NHS Direct because they are already receiving care.
This work has not studied the spatiotemporal variation in
vomiting calls about young children (in which there is the
highest incidence of norovirus infection [5]). Calls about
this group were excluded to remove the potentially con-
founding affect of rotavirus, which peaks during March in
the UK. A study of the epidemic behaviour of rotavirus in
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Figure 5

Weekly GP influenza-like-illness consultation rates. Weekly GP influenza-like-illness consultation rates for the 5- to 14-
year-old age group for Northern, Central and Southern England; weekly numbers (all ages combined) of positive influenza sam-
ples (influenza A and B separately) from community sources; and NHS Direct fever calls as a percentage of total calls (5 to 14

years) for England and Wales.

the US demonstrated an annual South-West to North-East
movement across the country [35]. Analysis of NHS Direct
vomiting and diarrhoea calls about young children is
required to explore further the spread of viral gastroenteri-
tis in the UK, and respond to calls to supplement existing
surveillance systems for infectious intestinal disease [14].
Unfortunately the norovirus outbreak data in our study
does not represent outbreaks nationally and data from
alternative laboratory or outbreak reporting systems will
be sought for future work.

Common respiratory viruses, such as respiratory syncytial
virus (RSV), may have contributed to the rise in fever calls
(although RSV predominantly effects children younger
than 5 years). Previous work estimating the contribution
of a range of respiratory pathogens to NHS Direct calls
found that RSV was responsible for approximately 15% of
NHS Direct 'cough' calls [36]. Although a significant rela-
tionship was found between the seasonal variation in

fever calls and influenza, no significant relationship was
observed with RSV, parainfluenza or rhinovirus.

These analyses used only 151 relatively large spatial units
(PCTs) to identify the approximate areas of rises in fever
calls, rather than smaller units (postcode areas) to identify
local disease transmission or hierarchical diffusion of dis-
ease from large to smaller urban centres. The lack of spa-
tial precision means that these results are subject to the
modifiable areal unit problem (MAUP) [37] whereby
arbitrary units are used for spatial reporting. Our analysis
suffers from what Armhein called the 'scale effect' of the
MAUP [38]; the grouping of small areas into larger ones
(postcode districts into PCTs). This had the effect of reduc-
ing the number of spatial units, increasing the average
number of cases within each unit, but reducing the varia-
tion in incidence between units. We may have detected
significant clustering at a sub-PCT level by using the
smaller postcode district, although there were only 0.7
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vomiting and 0.3 fever calls per week per postcode district
during our study period. It is yet to be demonstrated that
syndromic surveillance systems can prospectively and con-
sistently provide early warning of localised outbreaks of
disease. Their utility continues to be seen on a city-wide or
regional basis at best. This study has used syndromic
(proxy) measures of influenza and norovirus to identify a
syndromic pattern consistent with contagious influenza
diffusion at a PCT level, rather than onward transmission
from an index case or single outbreak. PCTs are a relevant
spatial unit for syndromic surveillance as primary care is
likely to be among the first services to experience the
effects of epidemic outbreaks.

The scan statistic employed here has previously been used
for analyses of specific infections (for example, shigella
[22] and E. coli [24]), ongoing public health surveillance
(for example, New York City [2]), and monitoring disease
during major sporting events (for example, the Kentucky
Derby Festival [39]). Our work is novel in the use of the
scan statistic for surveillance of telehealth calls, a data
source that is infrequently used for syndromic surveil-
lance purposes [40]. Although many NHS Direct calls
reflect self-limiting disease (for example, influenza B,
norovirus) this illness is still disruptive on a societal level
and may go unreported by other healthcare surveillance
systems. This work, for the first time, provides evidence
that it is possible to describe the diffusion of national
influenza outbreaks using telehealth data. When using the
scan statistic, the underlying spatial variation in incidence
is unimportant until it reaches a significant threshold
level, clusters are detected, and an alert may be issued to
public health teams. Other statistical approaches to deriv-
ing these critical values have been described [41,42]. An
alternative approach, however, is kriging, where the entire
range of disease incidence across a geographical area is
modelled. Kriging uses interpolation techniques to esti-
mate unknown point values of disease incidence from
surrounding known point values, from which disease
contours are generated [43]. The method has been
employed successfully to describe the spread of the peak
in influenza across Japan [44] and Europe [45]. For pro-
spective surveillance, however, peak weeks are not known
in advance and any global spatial clustering caused by dif-
ferences in case definitions or reporting behaviour
between regions would produce misleading results. The
space-time scan statistic accounts for these spatial differ-
ences by using a control period from which to establish
local baselines for each spatial unit. It may therefore be
considered for future national surveillance initiatives, for
example, the proposed hospital-based surveillance and
2012 Olympic planning in the UK.

Spatiotemporal analysis of NHS Direct syndromic data
should supplement rather than replace the current analy-

http://www.biomedcentral.com/1741-7015/6/16

ses of regional call data [16] and other components of the
UK influenza surveillance programme. It may help to
identify sub-regional variation in influenza rates that may
not manifest themselves within data from sentinel net-
works of GPs covering only a proportion of the popula-
tion [46]. The added value demonstrated by our
retrospective analyses was the early identification of a
local rise in fever calls; a syndromic 'signal' that may
require further investigation via conventional public
health means. Used prospectively our analyses could be
used to: warn hospitals, doctors, schools and nursing
homes of impending problems; identify areas to intro-
duce or enhance microbiological sampling; and describe
geographic variation in influenza incidence throughout
an epidemic period. We used fever calls regarding school-
age children because we were studying a national influ-
enza B outbreak. Spatial analyses of data about the NHS
Direct 'colds and flu' syndrome are already used for
national surveillance of ILI in adults [[16,47]]. Further
winters' spatial analysis of respiratory syndromes is rec-
ommended to assess operational reliability of these
results, and also to monitor influenza A strains associated
with a high adult incidence.

Conclusion

We have retrospectively described how NHS Direct syn-
dromic call data can be used for geographical surveillance
of influenza and norovirus infection in England. Spatio-
temporal analyses of fever calls for the 5- to 14-year-old
age group provided a timely and unique description of the
evolution of a national influenza outbreak. These data
provide the opportunity to present how a virus such as
influenza spreads across the country affecting different
localities to different degrees during the course of the
influenza season. Such a tool therefore has utility for local
services for both seasonal influenza and in the event of an
influenza pandemic. In a similar way the tool may be use-
ful for tracking norovirus, although the lack of reliable
and consistent comparison data makes this more difficult
to assess. In interpreting these results, care must be taken
to consider other infectious and non-infectious causes of
fever and vomiting.

To the best of the authors' knowledge this is the first pub-
lished spatiotemporal analysis of national telehealth data
used for surveillance purposes. The scan statistic should
be considered analyses of telehealth data elsewhere. We
will use these results to initiate prospective geographical
surveillance of influenza in England.

Competing interests
The authors declare that they have no competing interests.

Page 12 of 14

(page number not for citation purposes)



BMC Medicine 2008, 6:16

Authors' contributions

DLC - conducted literature search, developed research
protocol, undertook all analyses, lead author on all drafts
and final submission. GES - provided major scientific
input to project aims and research protocol, 2nd author.
MR - provided specialist advice regarding influenza sur-
veillance, suggestions and edits to discussion section. SL -
provided specialist advice regarding telehealth systems,
application of telehealth to surveillance, input into final
two drafts. PG - provided scientific input regarding spatial
epidemiology and statistical methods, and major edits of
draft. All the authors have read and approved the final ver-
sion of the manuscript.

Acknowledgements

We thank NHS Direct for the use of national call data, the Royal College
of General Practitioners for use of data from the Weekly Returns Service
and the Health Protection Agency Centre for Infections for laboratory
data. The authors also wish to thank Dr Martin Kulldorff for helpful advice
about the application of the SaTScan software.

References

1. Henning KJ: What is syndromic surveillance? MMWR Morb Mor-
tal Wkly Rep 2004, 24(Suppl 53):5-11.

2. Heffernan R, Mostashari F, Das D, Karpati A, Kulldorff M, Weiss D:
Syndromic surveillance in public health practice, New York
City. Emerg Infect Dis 2004, 10:858-864.

3. Steiner-Sichel L, Greenko J, Heffernan R, Layton M, Weiss D: Field
investigations of emergency department syndromic surveil-
lance signals — New York City. MMWR Morb Mortal Wkly Rep
2004, 24(Suppl 53):184-189.

4.  Goddard NL, Kyncl J, Watson JM: Appropriateness of thresholds
currently used to describe influenza activity in England. Com-
mun Dis Public Health 2003, 6:238-245.

5. Tompkins DS, Hudson MJ, Smith HR, Eglin RP, Wheeler ]G, Brett MM,
Owen R}, Brazier ]S, Cumberland P, King V, Cook PE: A study of
infectious intestinal disease in England: microbiological find-
ings in cases and controls. Commun Dis Public Health 1999,
2:108-113.

6. Lopman BA, Adak GK, Reacher MH, Brown DW: Two epidemio-
logic patterns of norovirus outbreaks: Surveillance in Eng-
land and Wales, 1992-2000. Emerg Infect Dis 2003, 9:71-77.

7. Desai S, Zhao H, Cooke MK, Joseph CA, Ellis J, Zambon M, Fleming
DM, Watson JM: Surveillance of influenza and other respira-
tory viruses in the United Kingdom: October 2005 to May
2006. Commun Dis Rep 2006, 16:1-6.

8.  Johnston CP, Qiu H, Ticehurst JR, Dickson C, Rosenbaum P, Lawson
P, Stokes AB, Lowenstein CJ, Kaminsky M, Cosgrove SE, Green KY,
Perl TM: Outbreak management and implications of a noso-
comial norovirus outbreak. Clin Infect Dis 2007, 45:534-540.

9.  Akazawa M, Sindelar JL, Paltiel AD: Economic costs of influenza-
related work absenteeism. Value Health 2003, 6:107-115.

10.  Cliff AD, Haggett P, Ord KL, Versey G: The study of spatial diffu-
sion. In Spatial Diffusion: An Historical Geography of Epidemics in an
Island Community Volume Chapter 2. Cambridge: Cambridge University
Press; 1981.

I'l.  Smallman-Raynor M, Johnson N, Cliff A: The spatial anatomy of
an epidemic: Influenza in London and the county boroughs of
England and Wales, 1918-1919. Trans Inst Br Geogr 2002,
27:452-470.

12. Cooke MK, Crofts )P, Joseph CA, Goddard NL, Ellis J, Fleming DM,
Nguyen-Van-Tam ], Watson JM: Influenza and other respiratory
viruses surveillance in the United Kingdom October 2003 to
May 2004. Commun Dis Rep CDR Suppl 2005, 15:1-8.

13.  HPA: Influenza Surveillance in the United Kingdom.
www.hpa.org.uk/infections/topics_az/influenza/seasonal/
uk_data_sources.htm].

14.  Wheeler |G, Sethi D, Cowden JM, Wall PG, Rodrigues LC, Tompkins
DS, Hudson MJ, Roderick PJ: Study of infectious intestinal dis-

[htep://

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.
31

32.

33.

34.

35.

http://www.biomedcentral.com/1741-7015/6/16

ease in England: rates in the community, presenting to gen-
eral practice, and reported to national surveillance. BM/
1999, 318:1046-1050.

Lopman B, Vennema H, Kohli E, Pothier P, Sanchez A, Negredo A,
Buesa ], Schreier E, Reacher M, Brown D, Gray |, lturriza M, Gallimore
C, Bottiger B, Hedlund KO, Torvén M, von Bonsdorff CH, Maunula L,
Poljsak-Prijatelj M, Zimsek |, Reuter G, Sziics G, Melegh B, Svennson
L, van Duijnhoven Y, Koopmans M: Increase in viral gastroenteri-
tis outbreaks in Europe and epidemic spread of new norovi-
rus variant. Lancet 2004, 363:682-688.

Cooper DL: Case study: The use of tele-health data for syn-
dromic surveillance in England and Wales. In Disease Surveil-
lance: A Public Health Informatics Approach Edited by: Lombardo ]S,
Buckeridge DL. Englewood Cliffs, NJ: Wiley; 2007:335-365.

Smith G, Cooper D, Loveridge P, Chinemana F, Gerard E, Verlander
N: A national syndromic surveillance system for England and
Wales using calls to a telephone helpline. Euro Surveill 2006,
11:220-224.

Loveridge P, Cooper DL, Harris }, Grey ], Smith GE: Comparison of
trends in NHS Direct gastroenteric syndromes with norovi-
rus outbreaks & laboratory data 2004 — 2007. In Proceedings of
Health Protection 2007 Warwick University; 2007.

Kulldorff M: A spatial scan statistic. Bernoulli and Poisson
models. Commun Statist: Theory Meth 1997, 26:B1481-B1496.
Boscoe FP, McLaughlin C, Schymura M], Kielb CL: Visualization of
the spatial scan statistic using nested circles. Health Place 2003,
9:273-277.

Kulldorff M, Heffernan R, Hartman J, Assuncao R, Mostashari F: A
space-time permutation scan statistic for disease outbreak
detection. PLoS Med 2005, 2:e59.

Jones RC, Liberatore M, Fernandez R, Gerber SI: Use of a prospec-
tive space-time scan statistic to prioritize shigellosis case
investigations in an urban jurisdiction. Public Health Rep 2006,
121:133-139.

Mostashari F, Kulldorff M, Hartman JJ, Miller JR, Kulasekera V: Dead
bird clustering: A potential early warning system for West
Nile virus activity. Emerg Infect Dis 2003, 9:641-646.

Pearl DL, Louie M, Chui L, Dore K, Grimsrud KM, Leedell D, Martin
SW, Michel P, Svenson LW, McEwen SA: The use of outbreak
information in the interpretation of clustering of reported
cases of Escherichia coli O157 in space and time in Alberta,
Canada, 2000-2002. Epidemiol Infect 2006, 34:699-71 1.

Fleming DM: Weekly returns service of the Royal College of
General Practitioners. Commun Dis Public Health 1999, 2:96-100.
O'cathain A, Nicholl J, Sampson F, Walters S, McDonnell A, Munro J:
Do different types of nurses give different triage decisions in
NHS Direct? A mixed methods study. | Health Serv Res Policy
2004, 9:226-233.

Knowles E, Munro J, O'Cathain A, Nicholl J: Equity of access to
health care. Evidence from NHS Direct in the UK. | Telemed
Telecare 2006, 12:262-265.

Salisbury C: The demand for out-of-hours care from GPs: A
review. Fam Pract 2000, 17:340-347.

Burt |, Hooper R, Jessopp L: The relationship between the use
of NHS Direct and deprivation in southeast London: an eco-
logical analysis. | Public Health Med 2003, 25:174-176.

Rowlands S, Moser K: Consultation rates from the general
practice research database. BrJ Gen Pract 2002, 52:658-660.

St George |, Cullen M, Branney M: The deprivation profile and
ethnicity of Healthline callers. N Z Fam Physician 2006,
33:386-389.

Turner VF, Bentley PJ, Hodgson SA, Collard PJ, Drimatis R, Rabune C,
Wilson AJ: Telephone triage in Western Australia. Med | Aust
2002, 176:100-103.

Rolland E, Moore KM, Robinson VA, McGuinness D: Using
Ontario's 'Telehealth' health telephone helpline as an early-
warning system: A study protocol. BMC Health Serv Res 2006,
15:10.

Browne |, Cooper DL, Elam G, Coetzee N, Said B, Gerard e, Smith
GE: Evaluation of the usefulness of syndromic surveillance -
real time reassurance during major incidents. In Proceedings of
Health Protection 2007 Warwick University; 2007.

Turcios RM, Curns AT, Holman RC, Pandya-Smith |, LaMonte A,
Bresee JS, Glass Rl for the National Respiratory and Enteric Virus Sur-
veillance System Collaborating Laboratories: Temporal and geo-

Page 13 of 14

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15714620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15200820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15200820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15200820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15717390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15717390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15717390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14708275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14708275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10402744
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10402744
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10402744
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12533284
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12533284
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12533284
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17682985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17682985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12641861
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12641861
http://www.hpa.org.uk/infections/topics_az/influenza/seasonal/uk_data_sources.htm
http://www.hpa.org.uk/infections/topics_az/influenza/seasonal/uk_data_sources.htm
http://www.hpa.org.uk/infections/topics_az/influenza/seasonal/uk_data_sources.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10205103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10205103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10205103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15001325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15001325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15001325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17370968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17370968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12810334
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12810334
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15719066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15719066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15719066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16528945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16528945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16528945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12781002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12781002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12781002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10402742
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10402742
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15509408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15509408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15509408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16848940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16848940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10934185
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10934185
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12848411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12848411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12848411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12171226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12171226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11936303
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16645512

BMC Medicine 2008, 6:16

graphic trends of rotavirus activity in the United States,
1997-2004. Pediatr Infect Dis | 2006, 25:451-454.

36. Cooper DL, Smith GE, Edmunds W], Joseph C, Gerard E, George RC:
The contribution of respiratory pathogens to the seasonality
of NHS Direct calls. | Infect 2007, 55:240-248.

37. Openshaw S: The modifiable areal unit problem. Concepts Techn
Mod Geogr 1984, 38:41.

38. Armhein C: Searching for the elusive aggregation effect: evi-
dence from statistical simulations. Environ Plann A 1995,
27:105-120.

39. CarricoR, Goss L: Syndromic surveillance: hospital emergency
department participation during the Kentucky Derby festi-
val. Disaster Manag Response 2005, 3:73-79.

40. Sosin DM, DeThomasis ): Evaluation challenges for syndromic
surveillance — making incremental progress. MMWR Morb
Mortal Wkly Rep 2004, 24(53 Suppl):125-129.

41. Kleinman KP, Abrams A, Mandl K, Platt R: Simulation for assessing
statistical methods of biologic terrorism surveillance.
MMWR Morb Mortal Wkly Rep 2005, 25(54 Suppl):101-108.

42. Aamodt G, Samuelsen SO, Skrondal A: A simulation study of
three methods for detecting disease clusters. Int | Health Geogr
2006, 5:15.

43. Carrat F, Valleron AJ: Epidemiologic mapping using the 'krig-
ing' method: Application to an influenza-like iliness epidemic
in France. Am J Epidemiol 1992, 135:1293-1300.

44. Sakai T, Suzuki H, Sasaki A, Saito R, Tanabe N, Taniguchi K: Geo-
graphic and temporal trends in influenzalike illness, Japan,
1992-1999. Emerg Infect Dis 2004, 10:1822-1826.

45. Saito R, Paget ), Hitaka S, Sakai T, Sasaki A, Velden K van der, Suzuki
H: Geographic mapping method shows potential for map-
ping influenza activity in Europe.  Euro Surveill 2005,
10:E0510276..

46. Regan CM, Johnstone F, Joseph CA, Urwin M: Local surveillance of
influenza in the United Kingdom: From sentinel general
practices to sentinel cities? Commun Dis Public Health 2002,
5:17-22.

47. Cooper DL, Smith GE, Hollyoak VA, Joseph CA, Johnson L, Chaloner
R: Use of NHS Direct calls for the surveillance of influenza -
a second year's experience. Commun Dis Public Health 2002,
5:132-136.

Pre-publication history
The pre-publication history for this paper can be accessed

here:

http://www.biomedcentral.com/1741-7015/6/16/prepub

http://www.biomedcentral.com/1741-7015/6/16

Publish with Bio Med Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and published immediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here:

O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 14 of 14

(page number not for citation purposes)



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16645512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16645512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17582503
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17582503
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17582503
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15986027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15986027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15986027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15714641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15714641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16177700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16177700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16608532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16608532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1626546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1626546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1626546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15504270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15504270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15504270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12070970
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12070970
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12070970
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12166299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12166299
http://www.biomedcentral.com/1741-7015/6/16/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Data collection
	Statistical methods
	Analyses
	Stage 1: mapping total NHS Direct call rates
	Stage 2: spatiotemporal analyses of syndromic calls
	Stage 3: comparison against existing surveillance data

	Results
	Stage 1
	Stage 2
	Stage 3

	Discussion
	The potential of telephone triage systems for surveillance
	Strengths and weaknesses of the current spatial analysis

	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

