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SUMMARY

Seasonal respiratory infections place an increased burden on health services annually. We used a
sentinel emergency department syndromic surveillance system to understand the factors driving
respiratory attendances at emergency departments (EDs) in England. Trends in different
respiratory indicators were observed to peak at different points during winter, with further
variation observed in the distribution of attendances by age. Multiple linear regression analysis
revealed acute respiratory infection and bronchitis/bronchiolitis ED attendances in patients aged
1–4 years were particularly sensitive indicators for increasing respiratory syncytial virus activity.
Using near real-time surveillance of respiratory ED attendances may provide early warning of
increased winter pressures in EDs, particularly driven by seasonal pathogens. This surveillance
may provide additional intelligence about different categories of attendance, highlighting
pressures in particular age groups, thereby aiding planning and preparation to respond to acute
changes in EDs, and thus the health service in general.

Key words: Emergency department, influenza-like illness, respiratory infections, respiratory syncytial
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INTRODUCTION

Syndromic surveillance is the collection, analysis, inter-
pretation and dissemination of health-related data in
near real time [1]. Public Health England (PHE) coordi-
nates a programmeof syndromic surveillancewhich rou-
tinelymonitors for the emergenceand spreadof common
infectious diseases (e.g. influenza andnorovirus), and the

public health impact of non-infectious events (e.g. fires
and floods), in the community [2]. These systems utilize
data from a range of different sources including remote
health advice services (telephone/internet based), general
practitioner networks, and a network of sentinel emer-
gency departments (EDs).

The increased morbidity, mortality and subsequent
burden on healthcare services caused by respiratory
infections make comprehensive surveillance of respira-
tory infections an important part of any national public
health programme, both for the annually expected rise in
activity during winter, and any out-of-season outbreaks
(including influenzapandemics).Traditionalmonitoring
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of community-based respiratorydisease relies on sentinel
primary-care-based systems; swabbing of influenza-like
illness (ILI) cases, with laboratory confirmation and
reporting, and physician notifications [3–6]. Syndromic
surveillance has become an additional tool in the surveil-
lance of respiratory illness, providing valuable intelli-
gence on the levels and any trends (both increasing and
decreasing levels) of respiratory disease, particularly
those in the community requiring self-care, rather than
medical intervention or treatment. Although individuals
do not have a laboratory-confirmed diagnosis, syndrom-
ic surveillance of respiratory illness has been shown to be
closely linked to levels of laboratory confirmations of
influenza and respiratory syncytial virus (RSV) in par-
ticular [7–10].

The Emergency Department Syndromic Surveillance
System (EDSSS) is the most recent addition to the PHE
syndromic surveillance service, providing insights at the
secondary-care level. This is the first system of its kind in
theUK, securely extracting anonymized daily data from
a sentinel network of EDs across England andNorthern
Ireland [11]. The EDSSS automation requires no input
from ED staff, while making existing data from individ-
ual EDs available for use as a single source of ‘big data’
for near real-time public health surveillance purposes.
The EDSSS was developed in 2010 to support prepara-
tions for, and tomeet enhanced surveillanceneedsduring
the London 2012 Olympic and Paralympic Games
and continues as a long-term national public health
legacy [11–13].

Within the UK, previous syndromic surveillance
studies have attributed the underlying respiratory
pathogens that contribute to the winter pressures
exerted on healthcare systems through statistical esti-
mation [9, 10]. The aim of this investigation was to
understand the factors thatmight be driving respiratory
attendances at EDs, in terms of the potential causal
organisms and the temporal trends. We also aimed to
describe any potential for ED syndromic surveillance
to provide early warning of public health problems
and winter pressures by identifying and reporting on
increased seasonal activity of specific syndromic indi-
cators related to respiratory pathogens, ahead of trad-
itional laboratory surveillance.

METHODS

EDSSS

For each patient attending an EDSSS-participating
department, an anonymized record is received

detailing simple (non-identifiable) demographic infor-
mation, including patient’s sex and age, in addition
to a clinical diagnosis code [11]. The information
reported to EDSSS uses a standardized coding system
[14]; however, the clinical diagnosis information
remains in the format used within each individual
ED. Different diagnostic coding systems reveal differ-
ent levels of clinical detail and thus different complex-
ities of EDSSS syndromic indicators are used [11]. For
the purposes of this investigation, a generic ‘all re-
spiratory disease’ (ARD) attendances indicator cap-
tured data from all participating EDs, while more
specific ‘acute respiratory infections’ (ARI), ‘acute
bronchitis/ bronchiolitis’, ‘influenza-like illness’ and
‘pneumonia’ indicators were reported from those
EDs using sufficiently detailed diagnostic coding sys-
tems (full details of the diagnosis codes included in
each syndromic indicator, using both ICD-10 [15]
and SNOMED CT [16] coding systems are available
upon request).

EDSSS reporting

Daily reporting to EDSSS began at the first two EDs
during July 2010. As the number of participating
departments has increased, so, inevitably, has the
number of attendances recorded, making it necessary
for this investigation to be separated into annual per-
iods. Absolute numbers were used for all analyses as
the overall attendances (denominator for any percent-
age calculation) can be affected by weather, national
holidays and school holiday periods which were not
considered in this investigation. Only those EDs
which had reported during the full winter period for
each year were included. The winter period was based
around the normal increase in respiratory illness peak
during weeks 40 to 19 of 2011–2012 (3 October 2011 to
13 May 2012; three English EDs) and 2012–2013 (1
October 2012 to 12 May 2013; 24 English EDs).

Laboratory data

Anonymized laboratory reports for a number of re-
spiratory organisms (Table 1) were obtained from
LabBase [17]. Each laboratory report included the
specimen date, patient’s age, organism identified and
specimen type. Analyses were restricted to respiratory
specimens (Table 1) to exclude any instances of inva-
sive disease. Following initial examination of the full
range of respiratory pathogens, additional laboratory
data for RSV were obtained from the Respiratory
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DataMart System, which collects laboratory data on
selected respiratory viruses on a daily basis [18].

Statistical analysis

All analyses were performed on weekly data (Monday–
Sunday), based on date of sample/ED attendance. This
was to ensure compatibility between the daily ED and
weekly laboratory datasets, as ED respiratory atten-
dances peak over the weekend, when very few samples
are taken for laboratory testing.

Multiple linear regression models were constructed
to estimate the proportion of attendances recorded
for each of the ED syndromic indicators (all ages
and by each age group individually) which were at-
tributable to the respiratory pathogens, using the la-
boratory data as an indicator of the circulating
pathogens. Each model was restricted to the same
age groupings for each data source (i.e. ED atten-
dances within a single age group, laboratory detec-
tions from the same age group). Using backward
stepwise regression all pathogens were initially
included in the model; those not statistically signifi-
cant (P > 0·05) were removed, as were those with
negative coefficients, resulting in a final model in-
cluding only those pathogens with a positive, statis-
tically significant coefficient.

The relationship between the trend in ED atten-
dances and laboratory detections was investigated

using regression analysis based on the dependent vari-
able of the change in the number of weekly atten-
dances for each ED indicator (and each ED
indicator by age group), against the change in number
of detections per week (by date of sample) for each or-
ganism separately, to lessen the autocorrelation effects
in the time-series data. The statistical models were
re-run for selected age groups and the all-ages total
group against the RSV laboratory data with lags of
±2 weeks built in to the laboratory results.

All analyses were performed using Stata v. 12.1 [19].

RESULTS

ED attendances: descriptive analysis

For each ED respiratory syndromic indicator the pat-
tern of attendances showed an increase during the
winter period in both years studied (Fig. 1). During
2011–2012 there were two peaks in both the ARD
and ARI attendances. The main peak occurred during
weeks 48/49 of 2011, which was consistent with the
peak also seen in acute bronchitis/bronchiolitis
attendances. The second, smaller peak at weeks 7/8
of 2012 was in line with the peaks for pneumonia
and ILI attendances (Fig. 1). A single winter peak
was more apparent for ED respiratory attendances
during 2012–2013 (Fig. 1). Similar to 2011–2012, the
peak in acute bronchitis/bronchiolitis attendances
occurred before those observed for ILI and pneu-
monia.

The largest number of total ED attendances was
for the 15–44 years age group; however, this age
group was not the largest group attending for
ARD. This was observed in the 1–4 years age group
(Fig. 2).

In addition to different overall levels of attendances
in each age group, distinct and separate peaks were
observed for the ARD and ARI indicators in particu-
lar. ARD and ARI attendances in the 1–4 years age
group showed both the highest and earliest peak in
attendances, several weeks before the levels increased
in other age groups. Bronchitis/bronchiolitis also
showed a high, and early, peak in attendances in
this age group; however, the number of bronchitis/
bronchiolitis attendances was highest for those aged
<1 year, despite this group accounting for the lowest
number of ED attendances overall (Fig. 2).

ARD and ARI attendances in the 5–14 years age
group peaked after those aged ≤4 years but ahead of
the older age groups each year. By contrast, pneumonia

Table 1. Laboratory-confirmed organisms and
specimen types included in this study

Organism
Adenovirus Influenza A Parainfluenza
Coronavirus Influenza B Respiratory

syncytial virus
Haemophilus
influenzae

Legionella Rhinovirus

Human
metapneumovirus

Mycoplasma
pneumoniae

Streptococcus
pneumoniae

Specimen type
Alveolar lavage Nasal Sputum
Bronchial Nose Throat
Bronchoalveolar
lavage

Nasopharyngeal
aspirate

Trachea

Endotracheal
aspirate

Oesophagus Tracheal
aspirate

Endotracheal tube
Lower respiratory
tract

Pernasal
Pharyngeal

Upper
respiratory
tract

Lung Sinus (nasal)

1054 H. E. Hughes and others

https://doi.org/10.1017/S0950268815002125 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268815002125


attendances were most commonly recorded in those
aged 575 years, several weeks after peaks seen for
other respiratory attendances (Fig. 2).

During both years ILI attendances were very low,
up to eight per week during 2011–2012 and 26 per
week in 2012–2013 (Fig. 1). ILI attendances were

the only syndromic indicator found to be most com-
mon in the 15–44 years age group (Fig. 2).

Comparison with laboratory data

Over 130 000 LabBase detections (62 951 during
2011–2012 and 67 438 during 2012–2013) were eligible

Fig. 1. Weekly Emergency Department Syndromic Surveillance System attendances, by respiratory syndromic indicator,
2011–2012 [three emergency departments (EDs)] and 2012–2013 [total and all respiratory disease (ARD): 24 EDs, more
detailed indicators: 13 EDs]. ARI, Acute respiratory infection; ILI, influenza-like illness.
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for inclusion. The most common respiratory organ-
isms showed a seasonal trend, with influenza A,
influenza B and RSV showing marked increases dur-
ing the winter periods (Fig. 3).

RSV was the first respiratory pathogen to display a
rise and subsequent peak in activity during both years.

Unlike seasonal influenza, which can peak at any time
during the winter, the rise in RSV activity is predict-
able each year in the UK [20], usually occurring be-
fore influenza activity rises. The RSV peak was
observed before the influenza peak in both years; how-
ever, the RSV peak during 2012–2013 (2012, week 48)

Fig. 2. Total weekly Emergency Department Syndromic Surveillance System attendances and by syndromic indicator, by
age group, winter 2011–2012 [three emergency departments (EDs)] and 2012–2013 [total and all respiratory disease
(ARD): 24 EDs, more detailed indicators: 13 EDs]. ARI, Acute respiratory infection; ILI, influenza-like illness.
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occurred 4 weeks before that observed during 2011–
2012 (2011, week 52).

Few influenza B detections were reported during
2011–2012; however, 2012–2013 was initially domi-
nated by influenza B, which peaked during week 1 in
2013. Influenza A activity peaked at similar levels

each year (200–250 detections per week), which was
considered to be relatively low-level seasonal activity.
The highest levels during 2011–2012 (2012, weeks 7–
9) were earlier than during 2012–2013 (2013, week
12), when influenza A activity peaked after that for
influenza B.

Fig. 3. Laboratory detections of respiratory pathogens, from respiratory specimens, by week of specimen collection, week
40 to week 19, 2011–2012 and 2012–2013. RSV, Respiratory syncytial virus; HMPV, human metapneumovirus.
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Model results

The final multiple linear regression models con-
structed for the respiratory and ARI indicators, for
all ages, included RSV for each year studied and
influenza B during 2012–2013 (Table 2). The 2012–
2013 dataset included a larger number of ED atten-
dances, resulting in better fit for most of the models
reported. During 2012–2013 an estimated 25% of the
variation in ARD attendances was found to be attrib-
utable to respiratory pathogens. For those attendances
with a diagnosis of acute bronchitis/bronchiolitis a
higher percentage (around 40%) was attributable to
respiratory pathogens (Table 2). Statistical analyses
were not undertaken using the ILI attendance data,
due to the low numbers involved.

The pathogens remaining in the final model often
varied according to age group. The association with
RSV in the youngest age groups remained significant
in each model, for ARD, ARI and bronchitis/bron-
chiolitis attendances.

ED attendances for pneumonia were found here to
have a statistical association with laboratory detec-
tions of seasonal coronavirus across the whole winter
period, although there was no evidence of association
in the temporal trends. The numbers of both ED
pneumonia attendances and coronavirus detections
were, however, much lower than those for the other
indicators and organisms studied. Influenza A was
notably absent from all of the final models during
2012–2013 and only found to have a statistical associ-
ation with ARI in two age groups (1–4 and 15–44
years) during 2011–2012.

Regression analysis was carried out on the weekly
change in number of attendances for each of the ED
variables against the number of laboratory detections
of influenza A, influenza B and RSV. As was expected
following the results of the multiple regression models
(Table 2) there were clear differences in the age-
specific attendances and how these were associated
with the laboratory data (Table 3).

The initial regression models for 2012–2013 indi-
cated an association between several ED indicators
and influenza B laboratory detections (Table 2).
These were also found to be statistically significantly
associated with ARD and ARI attendances for those
aged <1 year, 45–64 years and the all-ages in total
(Table 2). There was a notable absence of any statistic-
ally significant association with influenza A.

Respiratory, ARI and bronchitis/bronchiolitis
attendances in those aged ≤4 years showed an increase

in attendances in line with the increase seen in labora-
tory detections of RSV. These associations were found
to be statistically significant in almost all cases with
two exceptions, the indicators with the fewest atten-
dances (ARI and bronchitis/bronchiolitis attendances,
<1 year, 2011–2012; Table 3).

Although the statistical models showed an associ-
ation, the time series of attendances for those aged
1–4 years in particular appeared to precede the peak
in laboratory RSV detections (by specimen date) by
several weeks during both years (Figs 2 and 3). The
statistical models were re-run for the youngest age
groups and the all-ages total group against the RSV
laboratory data with lags of ±2 weeks built into the la-
boratory results. These results showed an improved fit
with the RSV –1 week model, implying that the ED
attendances increased 1 week before the rise in RSV
laboratory confirmations (data not shown). This in-
vestigation was repeated using data from the
Respiratory DataMart system, with similar results
(Table 4). During 2011–2012 the EDSSS showed
improved fit with the RSV –1 week model for almost
all indicators and age groups tested. While the –1
week and 0 week models both showed good fit for
2012–2013.

DISCUSSION

Main findings

Routine ED respiratory attendance data demon-
strated clear winter peaks across a range of syndromic
respiratory indicators and a close association with the
incidence of selected laboratory pathogens. In-
terestingly, the most valuable information derived
from these respiratory indicators was from age-specific
data: here, we demonstrate that RSV, which is known
to affect young children in particular [21, 22], is an im-
portant factor driving the levels of ED respiratory
attendances in children aged ≤4 years. ARI and bron-
chitis/bronchiolitis attendances in the 1–4 years age
group are a particularly sensitive indicator for increas-
ing RSV activity, which may account for over 30% of
the variation of these attendances. The ARD and ARI
attendances in this age group may give up to 1 week
early warning of an increase in laboratory detections
of RSV (based on date of specimen collection).
There is a potentially even earlier warning compared
to the issue and eventual receipt of final laboratory
results.
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Table 2. Multiple linear regression model results for respiratory, acute respiratory infection, acute bronchitis/
bronchiolitis and pneumonia syndromic indicators, by age group, against laboratory reports within the same age
group, by organism

2011–2012 2012–2013

Age* (yr) n Final model Prob > F
Adjusted
R2 n Final model Prob > F

Adjusted
R2

All respiratory disease
All 13 243 RSV 0·008 0·0267 73 143 Influenza B, RSV 0·000 0·2535
0–1 828 RSV 0·000 0·1381 6583 Influenza B, RSV 0·000 0·3236
1–4 3227 RSV 0·012 0·0240 17 340 RSV 0·000 0·3698
5–14 908 — — — 6676 RSV 0·001 0·0483
15–44 3226 — — — 14 917 Influenza B 0·000 0·1208
45–64 1678 — — — 9692 Influenza B 0·000 0·1716
65–74 1238 — — — 6311 Influenza B 0·000 0·0857
575 2137 — — — 11 617 Influenza B 0·000 0·0658

Acute respiratory infection
All 6591 RSV 0·005 0·0306 24 049 Influenza B, RSV 0·000 0·2017
0–1 573 RSV 0·000 0·1599 2631 Coronavirus,

influenza B, RSV
0·000 0·2675

1–4 2195 Influenza A,
RSV

0·001 0·0535 6599 RSV 0·000 0·2841

5–14 520 — — — 2221 Influenza B, RSV 0·001 0·0578
15–44 1602 Influenza A 0·032 0·0162 5418 Influenza B, RSV 0·000 0·1136
45–64 554 — — — 2446 Influenza B 0·000 0·1444
65–74 351 — — — 1274 Influenza B 0·001 0·0442
575 796 — — — 3457 Influenza B 0·000 0·0712

Acute bronchitis/bronchiolitis
All 658 RSV 0·000 0·1419 1882 RSV 0·000 0·4238
0–1 278 RSV 0·000 0·1488 1144 Coronavirus,

influenza B, RSV
0·000 0·3948

1–4 263 M. pneumoniae,
RSV

0·000 0·0880 442 RSV 0·000 0·3525

5–14 3 — — — 23 — — —

15–44 48 Coronavirus 0·021 0·0192 113 — — —

45–64 29 — — — 89 — — —

65–74 13 Influenza B 0·046 0·0133 26 — — —

575 24 — — — 45 — — —

Pneumonia
All 658 — — — 3210 Influenza B, H.

influenzae
0·000 0·1983

0–1 278 — — — 27 — — —

1–4 263 H. influenzae 0·027 0·0175 208 Coronavirus, RSV 0·000 0·1133
5–14 3 — — — 62 M. pneumoniae 0·004 0·0319
15–44 48 — — — 464 Coronavirus, RSV 0·000 0·1139
45–64 29 — — — 546 Coronavirus,

influenza B
0·000 0·1089

65–74 13 — — — 466 — — —

575 24 — — — 1437 Influenza B 0·008 0·0274

RSV, Respiratory syncytial virus.
* ‘All’ is the total attendances including those reported with no age information.
– No organisms with a positive, statistically significant, coefficient remaining.
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Although ARD and ARI attendances in the 5–14
years age group were observed to peak ahead of the
older age groups (and after those aged 44 years),
this was not shown to have a statistically significant
temporal link with any one organism.

Strengths and weakness of this study

This work illustrates the importance of analysing age-
specific ED data. Our age-specific analysis revealed

temporal differences which can be attributed to
specific pathogens. One limitation of using ED attend-
ance data is the diagnosis coding of attendances: due
to the nature of emergency medicine, detailed coding
can be limited by the high acuity of the attendance
and the urgency to admit patients. Therefore, the
use of specific diagnostic codes, e.g. ‘influenza’ in the
ED is far less frequent than more generic codes, e.g.
‘respiratory disease’. There are also large differences
in the UK with regards to the quality and variability

Table 3. Regression model results for each syndromic indicator, by age group, against laboratory reports of influenza
A, influenza B and respiratory syncytial virus

Influenza A Influenza B Respiratory syncytial virus

2011–2012 2012–2013 2011–2012 2012–2013 2011–2012 2012–2013

Age (yr) F P F P F P F P F P F P

All respiratory disease
All 0·20 0·657 0·61 0·443 0·00 0·992 7·95 0·009 9·91 0·004 2·09 0·159
0–1 0·43 0·519 2·78 0·106 4·30 0·047 8·23 0·008 5·97 0·021 7·81 0·009
1–4 0·37 0·547 0·55 0·465 0·18 0·673 0·04 0·850 4·76 0·037 8·62 0·006
5–14 1·93 0·175 0·37 0·546 0·43 0·516 0·88 0·356 0·70 0·411 0·19 0·664
15–44 0·51 0·481 3·00 0·094 1·90 0·179 0·93 0·343 1·23 0·277 1·92 0·176
45–64 0·19 0·664 0·01 0·924 0·01 0·906 12·71 0·001 1·79 0·192 1·74 0·198
65–74 4·19 0·050 0·00 0·993 0·19 0·663 0·21 0·653 0·54 0·470 4·70 0·039
575 0·31 0·580 0·25 0·621 5·69 0·024 2·51 0·124 0·52 0·475 4·91 0·035

Acute respiratory infection
All 0·36 0·552 0·11 0·748 0·38 0·541 10·94 0·003 6·07 0·020 2·12 0·156
0–1 0·14 0·074 0·61 0·442 1·38 0·250 5·37 0·028 3·91 0·058 6·27 0·018
1–4 0·00 0·945 1·15 0·292 0·19 0·670 0·12 0·735 8·33 0·007 8·23 0·008
5–14 1·12 0·298 0·14 0·716 0·82 0·374 2·32 0·138 2·75 0·108 0·90 0·352
15–44 0·24 0·628 3·77 0·062 0·24 0·631 2·70 0·111 0·17 0·682 0·04 0·843
45–64 0·00 0·946 0·22 0·641 0·13 0·718 7·34 0·011 4·90 0·035 0·12 0·728
65–74 9·42 0·005 0·66 0·424 0·27 0·607 0·58 0·453 2·29 0·141 4·18 0·050
575 0·01 0·915 0·18 0·678 0·88 0·355 2·74 0·108 0·28 0·602 2·00 0·168

Acute bronchitis/bronchiolitis
All 0·06 0·812 0·00 0·950 0·42 0·520 0·57 0·457 1·35 0·255 4·84 0·036
0–1 0·31 0·582 0·11 0·747 1·21 0·280 3·19 0·085 1·29 0·266 4·93 0·034
1–4 0·56 0·461 0·13 0·723 0·64 0·430 0·39 0·538 4·62 0·040 5·36 0·028
5–14 1·58 0·219 0·08 0·778 0·00 1·000 0·11 0·745 0·13 0·720 0·48 0·493
15–44 0·00 0·961 2·33 0·138 0·51 0·479 1·40 0·247 0·03 0·869 0·44 0·515
45–64 1·14 0·294 0·24 0·626 5·31 0·029 3·75 0·063 0·00 0·963 2·10 0·158
65–74 1·71 0·202 0·60 0·445 2·47 0·127 1·70 0·202 0·09 0·766 0·61 0·441
575 1·11 0·301 3·68 0·065 8·65 0·006 0·91 0·347 0·40 0·532 2·32 0·138

Pneumonia
All 0·11 0·739 0·32 0·579 0·50 0·486 6·40 0·017 3·12 0·088 0·10 0·750
0–1 0·18 0·677 1·19 0·285 1·70 0·202 0·13 0·726 1·32 0·259 0·68 0·417
1–4 4·52 0·042 0·50 0·487 0·57 0·457 0·41 0·529 0·91 0·348 3·12 0·088
5–14 1·54 0·224 2·12 0·156 0·01 0·931 0·61 0·443 0·49 0·491 0·69 0·412
15–44 1·65 0·209 7·19 0·012 6·15 0·019 0·06 0·806 3·00 0·094 0·04 0·837
45–64 0·00 0·960 0·27 0·607 0·33 0·567 0·00 0·994 3·52 0·071 2·58 0·119
65–74 0·00 — 4·59 0·041 0·00 — 1·57 0·221 0·00 — 0·83 0·370
575 0·00 0·983 0·31 0·585 0·98 0·331 1·75 0·196 0·04 0·840 1·64 0·211

Bold values are statistically significant; —, no result.
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of coding within individual EDs, although initiatives
to drive standardization of coding fields and diagnos-
tic codes are improving the national situation [14].

This study was not able to find a positive associ-
ation between influenza A activity and ED atten-
dances. The low recording of ILI attendances may
have been due to a combination of the low number
of EDs reporting (especially during 2011–2012), the
relatively low influenza activity as reported from la-
boratory surveillance or possibly the limited availabil-
ity of diagnosis codes specific to ‘influenza’ within
individual EDs. It is possible that the use of EDSSS,
as it stands, is not sensitive to ILI in the adult age
groups during low-intensity influenza A seasons (as
occurred in the years of this work), whereas commu-
nity activity of RSV and influenza B, which are par-
ticularly associated with children and infants, can be
detected by EDSSS.

As a near real-time system, the EDSSS has an ad-
vantage over laboratory-based surveillance in provid-
ing information for action in the timeliest manner
possible. Our results demonstrate that monitoring re-
spiratory ED attendances in real time can provide
early warning of increasing activity of pathogens
such as RSV and influenza B, which can be triangu-
lated with other respiratory surveillance systems in-
cluding laboratory surveillance to understand the
underlying aetiology of the increase. The findings
here that ED attendances may precede an increase
in RSV laboratory confirmations may be due to the
24 h a day, 7 days a week availability of emergency
care through EDs. Although virological results for
surveillance purposes are now available on a daily
basis using DataMart, the numbers attending EDs
for respiratory conditions is usually at the highest
levels during the weekend, when fewer specimens are

Table 4. Regression model results of selected age groups and syndromic indicators against respiratory syncytial virus
positive results in the DataMart system ±2 weeks

Lag

−2 weeks −1 week 0 week +1 week +2 weeks

Age (yr) F P F P F P F P F P

2011–2012

All respiratory disease
All 0·01 0·938 6·64 0·015 0·96 0·336 0·81 0·375 0·98 0·331
0–1 0·21 0·651 18·07 0·000 0·15 0·703 2·15 0·153 0·18 0·678
1–4 0·81 0·376 3·24 0·082 1·41 0·244 0·97 0·334 1·73 0·199

Acute respiratory infection
All 0·71 0·408 4·63 0·040 0·86 0·361 0·58 0·451 0·32 0·577
0–1 3·34 0·078 11·47 0·002 1·37 0·252 0·73 0·400 0·37 0·548
1–4 0·00 0·982 4·67 0·039 3·05 0·091 0·26 0·614 0·12 0·730

Acute bronchitis/bronchiolitis
All 10·88 0·003 6·02 0·020 0·00 0·997 1·72 0·200 0·38 0·545
0–1 7·29 0·012 8·48 0·007 0·02 0·882 1·40 0·247 0·00 0·982
1–4 3·48 0·073 0·24 0·627 2·69 0·112 2·98 0·096 0·03 0·860

2012–2013
All respiratory disease

All 0·50 0·485 3·05 0·091 5·68 0·024 0·47 0·499 0·16 0·692
0–1 0·09 0·772 8·37 0·007 4·51 0·042 0·22 0·640 0·17 0·686
1–4 3·29 0·081 6·56 0·016 9·17 0·005 9·56 0·005 2·16 0·153

Acute respiratory infection
All 0·12 0·726 3·71 0·064 6·14 0·019 0·71 0·407 0·49 0·492
0–1 0·43 0·517 2·93 0·098 5·14 0·031 0·00 0·976 1·22 0·280
1–4 1·70 0·203 5·67 0·024 9·67 0·004 10·16 0·004 2·83 0·104

Acute bronchitis/bronchiolitis
All 1·94 0·174 6·15 0·019 16·05 0·000 1·71 0·201 1·12 0·300
0–1 1·11 0·300 2·52 0·124 8·36 0·007 0·02 0·894 2·18 0·151
1–4 4·53 0·042 4·36 0·046 3·35 0·078 12·07 0·002 3·90 0·059

Bold values are statistically significant.
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collected, so ED attendances would be recorded and
recognized through syndromic surveillance systems
before there has been opportunity for a specimen to
be taken and even further in advance of a result.

As the EDSSS continues to grow, so the number of
hospitals, total attendances and geographical coverage
increases. The first year examined here only included
data from three English EDs, compared to national
laboratory data, although it still showed comparable
results to the 24 English EDs included in 2012–2013
in terms of the youngest age groups and RSV.

How does this study compare to others work?

A key feature of syndromic surveillance is the ability to
provide earlywarning of infectious disease outbreaks or
other public health incidents [7, 10, 23]. The results pre-
sented here show that increased ED attendances may
occur at least 1 week in advance of the increase seen
by laboratory testing, by date of sample collection, for
RSV in particular. The comparison of syndromic sur-
veillance of respiratory illness throughNHSDirect tele-
phone calls and the numbers of laboratory-confirmed
respiratory pathogens in England has been shown to
provide an early warning of seasonal increases in
influenza, up to 2 weeks before laboratory surveillance
in some seasons [10]. The seasonal variation in the num-
bers of NHS Direct calls recorded as due to respiratory
illness has also been previously estimated to be mainly
due to influenza and RSV [9].

There is less evidence presented here to support pre-
vious studies that have shown ED syndromic surveil-
lance of respiratory attendances to be associated
with community influenza activity [8, 23], which
may be due to the relatively low intensity influenza
seasons experienced during the winters studied.
Although influenza B often remained in the final mod-
els for 2012–2013 during the preliminary multiple re-
gression, a temporal relationship was not identified.
The apparent lack of early warning of, or even associ-
ation with, influenza A provided by monitoring
English ED attendance data may not be unexpected.
The EDSSS aims to capture more severe presentation
of illness than other sources of syndromic surveillance,
e.g. telephone helplines; early presentation of
community-based mild self-limiting disease will there-
fore not be captured by English ED data. Although
influenza A results in a more severe disease presenta-
tion than influenza B, it is also more generally asso-
ciated with older age groups. It is, however, the
youngest age groups, those aged ≤4 years in

particular, which present to EDs with respiratory con-
ditions in the highest numbers. Adults with suspected
ILI in England are actively encouraged to stay at
home and self-treat, which may account in part for
the low numbers of ILI attendances reported, as well
as the lack of statistical association with influenza A
reported here.

Our study is unique in that we investigated and
showed the benefit of using a range of ED respiratory
syndromic indicators, by age group (rather than a sin-
gle all-encompassing grouping) compared to labora-
tory surveillance. Our previous work illustrated the
value of using age-specific indicators for influenza sur-
veillance from a telephone helpline syndromic surveil-
lance system [9, 10].

Implications for clinicians or policy makers

The findings of this study are potentially of use to
emergency medicine clinicians, as the indicators devel-
oped suggest that changes in attendance patterns for
a particular respiratory syndromic indicator, in a
specific age group, may provide warning of increased
community activity of particular respiratory patho-
gens. The evidence presented here, using a retrospect-
ive analysis, shows that the rise and subsequent peak
in ED respiratory attendances in young children
may occur up to 1 week prior to RSV detections by
specimen collection date (there is a subsequent time
delay for microbiological analyses and results, which
is likely to differ between pathogens). EDSSS data
are collected and monitored on a daily basis.
Changes in trends can therefore be identified and po-
tentially actioned, an estimated minimum of 1 week
before increases in specimen collection and subsequent
laboratory confirmations. This period of early warn-
ing may aid in the instigation of any preparations
required to respond to RSV effectively in terms of
the availability of paediatric resources such as equip-
ment, drugs and bed availability.

There is also the additional possibility of using ED
syndromic surveillance to predict the occurrence of the
winter peak in pneumonia attendances in those aged
575 years. This peak itself was not seen to occur at
the same time as activity of any one pathogen, al-
though it may follow several weeks after other peaks
in respiratory attendances. ED attendances for pneu-
monia in the elderly will have greater resource impli-
cations for hospitals as a greater proportion of these
attendances will result in admissions requiring longer
spells of care, thereby reducing numbers of available
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beds resulting in ‘winter pressures’. The EDSSS data
may, in future, therefore be able to provide advanced
warning and thus aid in planning within hospitals.
Although the EDSSS cannot directly reduce atten-
dances, it may aid the timing of the implementation of
existing plans to deal with increases in elderly admis-
sions which can cause huge pressures in secondary
care [24]. Information from EDSSS may also aid in
the identification of any particular sources of pressure,
such as types of attendances or specific age groups,
both retrospectively to aid the development of
plans, and prospectively to respond to acute changes
in real time.

The EDSSS is now established and has been moni-
toring data over several years and winter periods,
establishing expected levels of attendances for each in-
dicator. The ability of EDSSS to identify changes in
ED presentations, in terms of overall numbers, types
of presentations or age groups and the severity of pres-
entation, make it a valuable tool in the preparation for
identification and monitoring of any emerging novel
pathogens in near real time.

Future work

Most ED attendances used in this investigation were
those associated with the two most broad indicators
investigated here (all respiratory disease and acute re-
spiratory infections). However, as the number of
departments reporting to EDSSS continues to increase
as the system continues to improve coverage across
England in particular, so the numbers of attendances
associated with the more specific indicators, e.g. bron-
chitis/bronchiolitis, ILI and pneumonia will also in-
crease. The potential for further investigation of
these indicators alongside the results of laboratory
surveillance will therefore improve.

Due to the nature of emergency medicine, microbio-
logical investigation and final confirmation is unlikely
while the patient is still in the ED, due to the time scales
involved with testing. Therefore, it is rare for there to
be laboratory confirmation of the causative organism
for respiratory ED attendances. Future research work
within the EDSSS could employ a series of near-patient
tests or self-sampling coupled with laboratory confi-
rmation on a selected number of patients attending
with respiratory illness. Results would be able to pro-
vide some indication of sensitivity and specificity of
coding, provide validation of the syndromic indicators
and potentially valuable near real-time clinical infor-
mation for improving patient care.

This paper confirms the potential of the EDSSS to
monitor, and provide early warning of seasonal re-
spiratory pathogens, revealing that the EDSSS is par-
ticularly valuable in monitoring RSV activity. Further
work will involve investigating the potential for RSV
surveillance, including the development of early warn-
ing thresholds to indicate increasing activity, and in-
tensity thresholds to indicate levels of seasonal
activity to provide context for determining the poten-
tial impact on healthcare services, similar to those that
have been used in other surveillance systems such as in
general practice [4, 25]. These may include the use of
age-specific EDSSS indicators sensitive to RSV and
potentially influenza, which will be further developed
for use within the national PHE syndromic surveil-
lance service, for both seasonal and new, emerging
pathogens such as pandemic influenza.
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