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SUMMARY

Seasonal respiratory illnesses present a major burden on primary care services. We assessed the
burden of respiratory illness on a national telehealth system in England and investigated the
potential for providing early warning of respiratory infection. We compared weekly laboratory
reports for respiratory pathogens with telehealth calls (NHS 111) between week 40 in 2013 and
week 29 in 2015. Multiple linear regression was used to identify which pathogens had a
significant association with respiratory calls. Children aged <5 and 5-14 years, and adults over
65 years were modelled separately as were time lags of up to 4 weeks between calls and
laboratory specimen dates. Associations with respiratory pathogens explained over 83% of the
variation in cold/flu, cough and difficulty breathing calls. Based on the first two seasons
available, the greatest burden was associated with respiratory syncytial virus (RSV) and
influenza, with associations found in all age bands. The most sensitive signal for influenza was
calls for ‘cold/flu’, whilst for RSV it was calls for cough. The best-fitting models showed calls
increasing a week before laboratory specimen dates. Daily surveillance of these calls can provide
early warning of seasonal rises in influenza and RSV, contributing to the national respiratory
surveillance programme.
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INTRODUCTION weeks 40 and 20 [6]. Understanding how different
respiratory pathogens contribute to this seasonal bur-
den and how the burden can vary from year to year is
very important for public health, both for planning
interventions and for interpreting routine surveillance.

Syndromic surveillance is the near real-time collec-
tion, analysis, interpretation and dissemination of
health-related data to enable the early identification
* Author for correspondence: R. Morbey, Real-time Syndromic of the impact (or absence of impact) of potential

Surveillance Team, Public Health England, 6th Floor, 5 St . .
Philip’s Place, Birmingham. B3 2PW, UK. human or veterinary public health threats that

(Email: roger.morbey@phe.gov.uk) require effective public health action [7]. Syndromic

Seasonal respiratory infections present a major
burden on primary healthcare [I-5], with northern
temperate countries, such as England, experiencing
increased activity in the winter each year between
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surveillance plays a key role in the early detection and
monitoring of seasonal outbreaks of respiratory illness
and of non-seasonal outbreaks, like the influenza A
(HINT) 2009 pandemic [8].

The Public Health England (PHE) Real-time
Syndromic Surveillance Team established a telehealth
syndromic surveillance system in 2001 to monitor calls
to the National Health Service (NHS) Direct tele-
phone helpline (NHS Direct) [9]. During 2013 NHS
Direct was replaced in England by a new service,
NHS 111 [10]; PHE subsequently developed a new
national syndromic surveillance telehealth system
based upon the daily calls received by NHS 111 [11].

Across the world there are several examples of
telehealth syndromic surveillance systems that are
used to supplement public health infectious disease
programmes [9, 12-14]. However, compared with
other forms of syndromic surveillance, e.g. emergency
department, telehealth systems are not commonplace,
primarily due to the limited availability of the tele-
health services. Telehealth syndromic surveillance sys-
tems provide a unique opportunity to monitor
community-based healthcare-seeking behaviour, pro-
viding valuable pre-diagnostic symptom-based data
on patients who may not subsequently present to a
healthcare professional [12, 15].

The aim of this work was to assess the burden of
respiratory infections on a national telehealth system
and explore the early warning potential of telehealth
syndromic surveillance and specifically to provide
key information to service providers and public health
organisations about seasonal outbreaks of respiratory
disease.

METHODS
Syndromic data

Daily (anonymised) counts of calls received by NHS
111 and used by PHE for syndromic surveillance
were analysed over the period 30 September 2013 to
19 July 2015 (week 40 in 2013 to week 29 in 2015).
Each call to NHS 111 is allocated a ‘pathway’ (code)
by the call handler based on the caller’s main presenting
symptom, e.g. diarrhoea; these ‘pathways’ were used to
aggregate calls into syndromic indicators. The syn-
dromic indicators were chosen to be as consistent as
possible with the NHS Direct syndromic surveillance
system and other national syndromic surveillance sys-
tems coordinated by PHE. The syndromic indicators
relevant to respiratory illnesses included cold/flu,
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cough and difficulty breathing and sore throat. Fever
was also included in this study as previous work had
shown a strong association between fever in children
and influenza laboratory reports [16]. Daily counts of
NHS 111 calls were aggregated into weekly periods to
match the reporting frequency available for laboratory
reports of pathogens. Total weekly NHS 111 calls were
also analysed as an offset, to account for increases in
calls as the service usage increased during 2013.

Laboratory data

Laboratory data were collected through PHE’s
‘second generation laboratory surveillance system’
(SGSS) which collates information on confirmed
pathogens from national and regional laboratories in
England [17]. Anonymised laboratory data were col-
lated between period 30 September 2013 to 19 July
2015, (week 40 in 2013 to week 29 in 2015), as weekly
counts of respiratory pathogens by specimen date. The
respiratory pathogens included in the analysis were
selected as those being previously found to be respon-
sible for the majority of seasonal variation in NHS
Direct calls [18]; adenovirus, coronavirus, invasive
Haemophilus influenzae, influenza (A and B), Myco-
plasma pneumoniae, parainfluenza, respiratory syncyt-
ial virus (RSV), rhinovirus, invasive Streptococcus
pneumoniae and additionally human metapneumo-
virus (HMPV; which was not included in the earlier
study). For the pathogens causing invasive disease
(H. influenzae and S. pneumoniae), culture tests using
either blood or cerebrospinal fluid were included; for
the other pathogens, tests included were cultures, anti-
gen detection, genomic polymerases or ligase chain
reaction detection and all specimen types were included
in the analysis.

For both syndromic and laboratory data, separate
weekly counts were collated for all ages, children
under S-years old, children aged 5-14 and adults
aged 65 years and over, from de-identified data.

Regression models

A methodology of multiple linear regression was used
as described elsewhere [18]. Separate models were cre-
ated with each syndromic indicator as the dependant
variable for each age band and for all ages combined.
Syndromic data were expressed as the proportion of
total calls to NHS 111 that were assigned to each
indicator. Using proportions allowed for any variation
in counts due to changes in system usage. The
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independent (predictor) variables were the specific
pathogen laboratory reports. Whether or not public
holidays occurred within the week was included as
a confounder in the analysis. Backwards stepwise
regression was used to remove pathogens which were
not significantly positively correlated to the NHS
111 calls. Model fit was compared with actual data
including an analysis of the impact on coefficients
for existing pathogens in the models when additional
pathogens were added or subtracted.

In addition, new models were constructed incorpor-
ating lags where syndromic call data preceded labora-
tory specimen dates by between 1 and 4 weeks [16].
These models were then compared with the original
zero-lag models to identify whether they provided a
better fit (as measured by the adjusted R?) and there-
fore could explain more of the seasonal variation.
Finally, model coefficients were used to estimate the bur-
den on the telephone advice service from specific patho-
gens. In order to quantify the burden on the telehealth
service, we calculated the average number of respiratory
calls each week during the two winter seasons (weeks 40—
20) which were associated with different pathogens, stra-
tified by age band and syndromic indicator.

RESULTS
Syndromic data

In the 21 months between September 2013 and July
2015 there were 18-2 million calls made to NHS 111
transferred to PHE and used in the syndromic surveil-
lance system, of which 2-0 million (11%) related to
cough, cold/flu, difficulty breathing, sore throat and
fever calls, designated here as respiratory calls (Table 1).

Cough, cold/flu and difficulty breathing calls all
peaked during week 49 in 2013 and week 52 of
2014, however the peak was much higher in the
2014/15 season for cough and cold/flu calls (Fig. 1).
In both 2014 and 2015, cough and cold/flu calls had
a second peak around week 6. Fever and sore throat
calls had less clear winter peaks, although both
peaked around week 51 in 2014.

Laboratory data

Between week 401in 2013 and week 29 in 2015 there were
36 711 positive laboratory reports for the respiratory
pathogens extracted from SGSS. The number of weekly
reports varied widely between pathogens, the most
common pathogen reported being RSV (Table 2).
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Table 1. NHS 111 calls for respiratory indicators in
England (week 40 in 2013 to week 29 in 2015)

Number of Percentage of Percentage of

Symptom/  NHS 111 total NHS 111 respiratory

indicator calls calls NHS 111 calls

Cough 637552 35 32:0

Difficulty 590 065 33 29-7
breathing

Sore throat 396 642 2:2 199

Fever 257808 1-4 13-0

Cold/flu 107 844 0-6 5-4

Respiratory 1989911 11-0 100-0

Total 18152210  100-0

The largest seasonal peaks were seen in laboratory
reports for influenza and RSV, with influenza B only
showing a large peak in the 2014/15 season (Fig. 2).
Reports for RSV peaked during week 52 in both sea-
sons, whilst influenza A peaked during week 10 in
2014 and week 2 in 2015. Influenza B peaked later,
in week 13 in 2015. There were also seasonal peaks
in HMPV and coronavirus reports in both seasons,
and M. pneumoniae peaked around week 5 in 2015

(Fig. 2).

Regression models

Regression models explained the vast majority of sea-
sonal variation in cold/flu, cough, difficulty breathing
and sore throat calls in terms of the association with
respiratory pathogens, with adjusted R values for
all-ages models being 89%, 89%, 83% and 72%,
respectively (Table 3). However, only 34% of the vari-
ation in fever calls could be explained by the regres-
sion models.

Regression models for children under 5 years and
adults aged 65 years also showed strong associations
with respiratory pathogens for cold/flu, cough and
difficulty breathing but not for sore throat calls
(Table 3). Associations were less clear for children
aged 5-14 years, with the best-fitting model being
for cold/flu calls (adjusted R? value of 67%).

Unsurprisingly, all syndromic indicators were asso-
ciated with more than one pathogen, i.e. having a stat-
istically significant (P <0-05) positive result. The
strongest associations were with the two pathogens
that have the greatest seasonal variation, influenza
and RSV. In addition, HMPV was associated with
cough and sore throat calls, and difficulty breathing
calls in the elderly. Whilst parainfluenza was
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Fig. 1. Seasonality of NHS 111 respiratory calls in England, week 40 in 2013-week 28 in 2015.

Table 2. Laboratory-confirmed samples by respiratory pathogen (week 40 in 2013-week 29 in 2015)

Maximum in

Pathogen Total Weekly mean a single week
Respiratory syncytial virus 10467 111-4 679
Rhinovirus 7778 82-7 157
Influenza A 4929 524 450
Invasive S. pneumoniae 4503 47-9 130
Parainfluenza 2554 272 62
Adenovirus 2283 24-3 55
Human metapneumovirus 1609 17-1 69
Influenza B 1125 12-0 88
Invasive H. influenzae 818 88 34
Coronavirus 425 4-5 31
M. pneumoniae 220 2-3 16

associated with cough and difficulty breathing calls,
coronavirus was only associated with cold/flu calls in
children under 5-years old and rhinovirus only with
cold/flu calls in adults aged 65 years and over. S. pneu-
moniae was only associated with sore throat calls.
NHS 111 call numbers for all syndromic indicators
rose prior to the rise in positive laboratory reports
(Figs 3 and 4). Model fit was improved by introducing
a lag, with specimen date 1 week after the syndromic
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call in all models except for cold/flu calls to children
aged 5-14 years (Table 3). Further improvements in
model fit occurred when a lag of 2 weeks was included
in models for difficulty breathing calls in all ages and
for under 5-years old.

Model coefficients were used to calculate the per-
centage of calls that were associated with specific
pathogens (Table 3). Although increases in influenza
and RSV reports were associated with increases in
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Fig. 2. Small multiple charts showing seasonality of weekly counts of laboratory reports in England week 40 in 2013—
week 20 in 2015. Each chart shows the same respiratory pathogens but with one of six selected pathogens highlighted.
RSV, respiratory syncytial virus; HMPV, human metapneumovirus.

cold/flu, cough and difficulty breathing calls, their
relative impact varied. For instance 34% of cold/flu
calls were associated with influenza and 14% with
RSV. By contrast 17% of cough calls were associated
with influenza and 22% with RSV.

Cold/flu calls had peaks that corresponded to peaks
in both RSV and influenza A (Fig. 3). Cold/flu calls
started to rise from week 36, when children returned
to school after summer holidays before the larger
rise that coincided with the RSV and influenza peaks.

During the two winter seasons (weeks 40-20) an
average of 948 respiratory calls per week were asso-
ciated with respiratory pathogens, including 408 for
RSV and 331 for influenza (Fig. 5). The greatest
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burden was for young children, with 405 calls related
to children under 5-years old. The majority of the
total respiratory calls associated with respiratory
pathogens were cough calls (n = 604).

DISCUSSION
Main findings

This study explored the burden placed on a national
telehealth syndromic surveillance system from a
range of commonly circulating winter respiratory
pathogens. We find a greater burden from influenza
and RSV compared with the other pathogens included
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Table 3. Selected regression models with associated burden from significantly correlated pathogens

Symptom/indicator Cold/flu

Cough Difficulty breathing Sore throat

Age (years) <5 5-14  >64 Al
Adjusted R* (%), no lag 686 673 747 821
Adjusted R* (%), with lag 755 673 83-0 888

<5 >64  All <5 >64 Al All
794 720 775 679 632 643 634
863 868 88 820 797 832 723
1 1 1 2 1 2 1

Percentage of calls associated with significantly correlated pathogen*

Lag (weeks)t 1 0 1 1
Coronavirus 8

Human metapneumovirus

Influenza A 14 30 15 24
Influenza B 7 12 6 10
Parainfluenza

Respiratory syncytial virus 12 15 24 14
Rhinovirus 18

Invasive S. pneumoniae

6 1 8
12 9 12 3 2 4
4 5 4
12 13 8 3 6
21 21 22 15 6 10
5

* Blank cells indicate no significant positive association.

T Lag shows the number of weeks offset between laboratory specimen dates and NHS 111 call dates that exhibit the strongest

association.
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Fig. 3. NHS 111 cold/flu calls in England with estimated pathogen burdens from regression model, week 40 in 2013-week

28 in 2015.

in the model, however, individually RSV was found to
contribute the greatest burden on the telehealth ser-
vice during the winter. Historically syndromic surveil-
lance has been promoted as providing early warning
over existing ‘traditional’ public health surveillance
systems [9, 16, 19, 20]. The results we present here
seem to further support this. We used laboratory
reports and found the strongest associations when
laboratory specimen dates lagged 1 week behind the
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telehealth calls. When it is considered that prospective
surveillance of laboratory data has to take into
account delays for transporting, testing and reporting
results, it is likely that this period of early warning is
more likely to be in excess of 2 weeks.

A further finding of this work was that different
syndromic indicators demonstrated differing sensitiv-
ities to individual pathogens. Of note, telehealth
calls for cough in young children was particularly
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Fig. 4. NHS 111 cough calls in England with estimated pathogen burdens from regression model, week 40 in 2013-week
28 in 2015.
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Fig. 5. Modelled burden of respiratory pathogens to NHS 111 in England during weeks 40-20, 2013/14 and 2014/15.

sensitive to changes in RSV laboratory reporting  Cold/flu calls in all ages was sensitive to influenza

which is supported by a number of recent inter-  activity. One reported weakness of syndromic surveil-
national studies confirming cough as a predominant  lance is the lack of association to specific pathogens
presenting symptom of RSV in children [21-23].  and therefore this information is a useful tool for
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prospective surveillance, which can provide further
reassurance and evidence of pathogen activity.

The results of this study were generated using a
national telehealth system based in England.
However, telehealth systems are used in different
countries across the world and therefore the results
from our study are applicable to a wider context out-
side of England [13-15, 24]. Likewise, the method-
ology and results from the telehealth data can be
applied to different syndromic surveillance settings,
e.g. emergency department attendance data, and will
therefore provide a valuable tool internationally to
determining the burden from specific pathogens on
other data sources.

Comparison with previous studies

There is a growing evidence base internationally
describing the burden placed on community health
services by key winter respiratory pathogens, and in
particular the ability of syndromic surveillance
systems to provide situational awareness of this
activity [4, 6, 15, 25, 26]. Two studies, coordinated
in Belgium and Canada, both reported similar results
for the association of influenza with increased tele-
health calls using regression models in the current
study [6, 15]. Additionally, the Belgium study was
able to identify under-reporting in laboratories for
specific pathogens and age bands [6] whilst the
Canadian study showed early warning of up to 15
days. The similarity of our results to these inter-
national groups highlight the applicability of the
methods and results to other countries.

The work presented here supersedes a previous
study undertaken using the former telehealth system
used in England, NHS Direct [16, 18]. In general,
there was good comparability between the results
from the two studies, however there were some differ-
ences, e.g. fever calls and difficulty breathing calls
were recorded at different levels between the two sys-
tems. It is possible that NHS 111 fever calls were
lower than NHS Direct due to intrinsic differences
in the way that patients presenting with fever symp-
toms are triaged in the new system; under NHS 111,
the fever ‘pathway’ is only used when the caller does
not report with another main presenting symptom
[11]. The percentage of NHS 111 difficulty breathing
calls was found to be higher; NHS 111 is a 24/7 urgent
care system and therefore when compared with NHS
Direct is used by a greater representation of the elderly
population, who present more frequently with
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symptoms of difficulty breathing [11]. These differ-
ences highlight the problems in interpretation that
can be caused by changes in the underlying healthcare
system that underpins a syndromic surveillance system
and should be considered on an ongoing basis.

We found a greater impact of RSV than was found
for influenza on telehealth calls. RSV is known to be
an important community respiratory pathogen, caus-
ing significant morbidity and mortality particularly
in the young and old [2, 26-28]. Moreover, in recent
years, there is a growing body evidence illustrating
the relative importance and impact of RSV when com-
pared with influenza [27, 29]. Our results demonstrate
RSV to be associated particularly with cough calls in
young children, however, this burden was also found
to be associated across other age groups. Other studies
have illustrated that RSV impacts on all age groups, and
not just young infants, the age group that is predomin-
antly sampled for laboratory diagnosis [6, 26, 27]. In
particular, Fleming et al. [26] found a similar burden
of RSV across all age groups using GP (general prac-
tice) consultations linked to respiratory sampling in
England. Therefore, using syndromic surveillance
indicators associated with RSV activity, we have sup-
ported results from previous groups that have used
specific RSV outcomes, i.e. laboratory data, which
again illustrates the applicability and usefulness of
syndromic surveillance for monitoring pathogen
burden.

There were however some differences in the other
respiratory pathogens found to be associated with an
increased burden reported in this study and work else-
where; a study in Belgium [6], did not find an associ-
ation with M. pneumoniae, whilst those in Canada
found an association with adenovirus and rhinovirus
[15, 24]; rhinovirus was only found to be associated
with calls to patients aged over 65 years in this study.

Strengths and limitations

A major strength of our study is the sample size
afforded by using a national syndromic surveillance
system; NHS 111 is available to the entire population
of England (~55 million). The sample size of 1-6 mil-
lion respiratory calls used within this study was there-
fore large, particularly when compared with the
number of laboratory reports collected (36 700 reports
for this study). The selective nature of laboratory sam-
pling and testing, where samples for RSV are also
most exclusively sourced from infants admitted to sec-
ondary care facilities [6], can potentially introduce
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bias into the modelling through poor timeliness, how-
ever syndromic surveillance is community-based, uses
data from a more representative cross-section of the
population and is recorded in real-time thus removing
bias of sampling delays.

The associations described in this study are between
syndromic and laboratory data, and this presents a
limitation. In particular, there is a danger of eco-
logical bias because neither NHS 111 calls nor labora-
tory data will be completely representative of
community incidence. The NHS 111 syndromic data
are anonymised and based upon the presentation of
symptoms. It is therefore not possible to link individ-
ual NHS 111 calls to laboratory reports thus verifying
the results. However, previous work has demonstrated
that despite this limitation, syndromic surveillance
data have been shown to be sensitive to specific patho-
gen activity, and this has been further supported by
examples of syndromic surveillance ‘self-sampling’
[30-32]. Future special studies using data linkage of
patient records with laboratory reports would greatly
strengthen the evidence for burden based on specific
pathogens.

The timing and intensity of winter respiratory sea-
sons can vary from year to year, with the predominant
driving factor the type and strain of circulating
influenza [25, 27]. Our study period encompassed
two winter seasons (2013/14, 2014/15) and was there-
fore limited in not including a number of influenza
seasons with different characteristics. The reason for
the limited analysis period was the launch date of
the NHS 111 service (September 2013); we plan to
repeat this analysis in future years when the study per-
iod will be able to encompass a wider span of winter
seasons thus covering differing timing and severity
of influenza, and other pathogen activity.

Implications for clinicians/policy makers

Providing early warning and situational awareness in
public health is key in enabling timely interventions
and treatment. The early warning provided by the
NHS 111 system suggests that with respect to influenza
surveillance the cold/flu call surveillance data provide
added benefit to existing national influenza surveillance
programmes. In the UK, the routine use of antiviral
medications for influenza is limited to periods when
influenza is shown to be circulating in the community
[33]. Thus, providing additional awareness of the start
of community-based influenza activity will improve
the timeliness and confidence for making these policy
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decisions ultimately allowing improved treatment of
patients, particular those at risk of severe complica-
tions. Furthermore, the added benefit of understanding
the further burden placed on healthcare services by
RSV further supports the need for effective RSV anti-
viral treatments. While candidate vaccines are currently
undergoing trials, information on the community bur-
den, including those age groups most affected, will
inform policy decisions such as who should be included
in vaccination programmes. Data generated by syn-
dromic surveillance systems demonstrated to be reliable
indicators of RSV activity will be important in
post-RSV vaccine studies to determine how effective
the vaccine is at reducing community-level disease,
similar to previous work on other vaccine programmes
[34-36].

SUMMARY

Syndromic surveillance continues to grow as an
important public health tool. Internationally the avail-
ability of telehealth systems, particularly national sys-
tems, is limited compared with other sources of
surveillance data, however, the results presented here
demonstrate the unique advantages of telehealth sur-
veillance and also illustrate the applicability of the
results to other countries and systems. The continuing
development of syndromic surveillance in poor-
income countries [37-39] can provide effective public
health surveillance systems where the infrastructure
to support laboratory networks is lacking. The results
presented here support the use of these syndromic sys-
tems for enhancing seasonal respiratory surveillance
programmes.

ACKNOWLEDGEMENTS

The authors would like to acknowledge support from
NHS 111 and NHS Digital and also the help of the
Public Health England Real-time Syndromic
Surveillance Team, including Sue Smith, Paul
Loveridge, Helen Hughes, Amardeep Bains and
Leandro Carrilho. R.A.M., G.E.S. and A.J.LE.
received support from the National Institute for
Health Research (NIHR) Health Protection Research
Unit in Emergency Preparedness and Response. The
views expressed are those of the authors and not neces-
sarily those of the NHS, the NIHR, the Department of
Health or Public Health England. This research
received no specific grant from any funding agency,
commercial or not-for-profit sector.


https://doi.org/10.1017/S095026881700070X

DECLARATION OF INTEREST

None.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Nair H, et al. Global and regional burden of hospital
admissions for severe acute lower respiratory infections
in young children in 2010: a systematic analysis. Lancet
2013; 381: 1380-1390.

Hall CB, et al. The burden of respiratory syncytial virus
infection in young children. New England Journal of
Medicine 2009; 360: 588-598.

Edwards KM, et al. Burden of human metapneumovirus
infection in young children. New England Journal of
Medicine 2013; 368: 633-643.

Fleming DM, et al. Influenza-attributable burden in
United Kingdom primary care. Epidemiology and
Infection 2016; 144: 537-547.

Fowlkes A, et al. Viruses associated with acute respira-
tory infections and influenza-like illness among outpati-
ents from the Influenza Incidence Surveillance Project,
2010-2011. Journal of Infectious Diseases 2014; 209:
1715-1725.

Bollaerts K, et al. Contribution of respiratory pathogens
to influenza-like illness consultations. Epidemiology and
Infection 2013; 141: 2196-2204.

Triple S. Assessment of syndromic surveillance in
Europe. Lancet 2011; 378: 1833-1834.

Chu A, et al. The use of syndromic surveillance for
decision-making during the HIN1 pandemic: a qualita-
tive study. BMC Public Health 2012; 12: 929.

. Baker M, et al. Early warning and NHS Direct: a role in

community surveillance? Journal of Public Health
Medicine 2003; 25: 362-368.

Cook EJ, et al. A study of urgent and emergency refer-
rals from NHS Direct within England. British Medical
Journal Open 2015; 5: e007533.

Harcourt SE, et al. Developing and validating a new
national remote health advice syndromic surveillance
system in England. Journal of Public Health 2017; 39:
184-192.

Andersson T, et al. Syndromic surveillance for local out-
break detection and awareness: evaluating outbreak sig-
nals of acute gastroenteritis in telephone triage,
web-based queries and over-the-counter pharmacy
sales. Epidemiology and Infection 2014; 142: 303-313.
Meyer N, et al. A multi-data source surveillance system
to detect a bioterrorism attack during the G8 Summit in
Scotland. Epidemiology and Infection 2008; 136: 876-885.
Rolland E, et al. Using Ontario’s “Telehealth” health
telephone helpline as an early-warning system: a study
protocol. BMC Health Services Research 2006; 6: 10.
van Dijk A, et al. Can Telehealth Ontario respiratory
call volume be used as a proxy for emergency depart-
ment respiratory visit surveillance by public health?
Canadian Journal of Emergency Medicine 2008; 10:
18-24.

https://doi.org/10.1017/5095026881700070X Published online by Cambridge University Press

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Telehealth respiratory infection burden 1931

Cooper DL, et al. Can syndromic thresholds provide
early warning of national influenza outbreaks? Journal
of Public Health 2009; 31: 17-25.

Holleyman RJ, et al. Microorganisms responsible for
periprosthetic knee infections in England and Wales.
Knee Surgery, Sports Traumatology, Arthroscopy:
Official Journal of the ESSKA 2016; 24: 3080-3087.
Cooper DL, et al. The contribution of respiratory patho-
gens to the seasonality of NHS Direct calls. Journal of
Infection 2007; 55: 240-248.

Hughes HE, et al. Emergency department syndromic
surveillance providing early warning of seasonal respira-
tory activity in England. Epidemiology and Infection
2016; 144: 1052-1064.

Zheng W, et al. Potential for early warning of viral
influenza activity in the community by monitoring clin-
ical diagnoses of influenza in hospital emergency depart-
ments. BMC Public Health 2007; 7: 250.

Nyawanda BO, et al. Evaluation of case definitions to
detect respiratory syncytial virus infection in hospita-
lized children below 5 years in Rural Western Kenya,
2009-2013. BMC Infectious Diseases 2016; 16: 218.
Oladokun R, et al. Clinical characterisation and phyl-
ogeny of respiratory syncytial virus infection in hospita-
lised children at Red Cross War Memorial Children’s
Hospital, Cape Town. BMC Infectious Diseases 2016;
16: 236.

Cui D, et al. Clinical and epidemiologic characteristics
of hospitalized patients with laboratory-confirmed
respiratory syncytial virus infection in Eastern China
between 2009 and 2013: a retrospective study. PLoS
ONE 2016; 11: e0165437.

van Dijk AV, McGuiness D, Moore KM. Can monitor-
ing telehealth Ontario respiratory call volume be a com-
ponent of an effective public health influenza
surveillance strategy? ISDS Conference: Expanding
Horizons 2007; 4: 199.

Andersson E, et al. Predictions by early indicators of the
time and height of the peaks of yearly influenza out-
breaks in Sweden. Scandinavian Journal of Public
Health 2008; 36: 475-482.

Fleming DM, et al. Modelling estimates of the burden of
respiratory syncytial virus infection in adults and the
elderly in the United Kingdom. BMC Infectious
Diseases 2015; 15: 443.

Hardelid P, Pebody R, Andrews N. Mortality caused by
influenza and respiratory syncytial virus by age group in
England and Wales 1999-2010. Influenza and Other
Respiratory Viruses 2013; 7: 35-45.

Schindeler SK, et al. Evaluation of alternative respira-
tory syndromes for specific syndromic surveillance of
influenza and respiratory syncytial virus: a time series
analysis. BMC Infectious Diseases 2009; 9: 190.

Taylor S, et al. Modelling estimates of the burden of
respiratory syncytial virus infection in children in the
UK. British Medical Journal Open 2016; 6: €009337.
Cooper DL, et al. Linking syndromic surveillance with
virological self-sampling. Epidemiology and Infection
2008; 136: 222-224.


https://doi.org/10.1017/S095026881700070X

1932

31.

32.

33.

34.

35.

R. A. Morbey and others

Elliot A. Syndromic surveillance: the next phase of pub-
lic health monitoring during the HINI influenza pan-
demic? Eurosurveillance 2009; 14: 44.

Elliot AJ, et al. Self-sampling for community respira-
tory illness: a new tool for national virological surveil-
lance. Eurosurveillance 2015; 20: 21058.

Public Health England. Letter to clinicians regarding the
use of antivirals in influenza. In: Health Do, ed., 2014.
https://www.gov.uk/government/uploads/system/
uploads/attachment_data/file/370676/Letter_to_clini-
cians.pdf (accessed 01 April 2017).

Pebody R, et al. Uptake and impact of a new live attenu-
ated influenza vaccine programme in England: early results
of'a pilot in primary school-age children, 2013/14 influenza
season. Eurosurveillance 2014; 19: pii=20823.

Pebody RG, et al. Uptake and impact of vaccinating
school age children against influenza during a season

https://doi.org/10.1017/5095026881700070X Published online by Cambridge University Press

36.

37.

38.

39.

with circulation of drifted influenza A and B strains,
England, 2014/15. Eurosurveillance 2015; 20: pii=30029.
Bawa Z, et al. Assessing the likely impact of a rotavirus
vaccination program in England: the contribution of
syndromic surveillance. Clinical Infectious Diseases: an
Official Publication of the Infectious Diseases Society
of America 2015; 61: 77-85.

Perez Garcia-Pando C, et al. Soil dust aerosols and wind as
predictors of seasonal meningitis incidence in Niger.
Environmental Health Perspectives 2014; 122: 679-686.
Faryadres M, et al. Levels of alarm thresholds of menin-
gitis outbreaks in Hamadan province, west of Iran.
Journal of Research in Health Sciences 2015; 15: 62—-65.
Alencar AP, Lee Ho L, Albarracin OY. CUSUM con-
trol charts to monitor series of Negative Binomial
count data. Statistical Methods in Medical Research
2015. https://doi.org/10.1177/0962280215592427.


https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/370676/Letter_to_clinicians.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/370676/Letter_to_clinicians.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/370676/Letter_to_clinicians.pdf
https://doi.org/10.1177/0962280215592427
https://doi.org/10.1017/S095026881700070X

