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ABSTRACT
Objective: There is a paucity of information regarding the usefulness of non-traditional data streams
for real-time syndromic surveillance systems. The objective of this paper is to examine the temporal
relation between Ontario’s emergency department (ED) visits and telephone health line (Telehealth)
call volume for respiratory illnesses to test the feasibility of using Ontario’s Telehealth system for
real-time surveillance.
Methods: Retrospective time-series data from the National Ambulatory Care Reporting System
(NACRS) and the Telehealth Ontario program from June 1, 2004, to March 31, 2006, were ana-
lyzed. The added value of Telehealth Ontario data was determined by comparing it temporally
with NACRS data, which uses the International Classification of Diseases (ICD) 10-Canadian 
Enhancement coding system for discharge diagnoses.
Results: Telehealth Ontario had 216 105 calls for respiratory complaints, while 819 832 ICD-coded
complaints from NACRS were identified with a comparable diagnosis of respiratory illness.
Telehealth Ontario call volume was heavily weighted for the 0–4 years age group (49%), while
the NACRS visits were mainly from those 18–64 years old (44%). The Spearman rank correla-
tion coefficient was calculated to be 0.97, with the time-series analysis also resulting in signifi-
cant correlations at lags (semi-monthly) 0 and 1, indicating that increases in Telehealth Ontario
call volume correlate with increases in NACRS discharge diagnosis data for respiratory illnesses.
Conclusion: Telehealth Ontario call volume fluctuation reflects directly on ED respiratory visit data
on a provincial basis. These call complaints are a timely, useful and representative data stream
that shows promise for integration into a real-time syndromic surveillance system.

RÉSUMÉ
Objectifs : Il y a une insuffisance d’information concernant l’utilité de flux de données non con-
ventionnels pour les systèmes de surveillance syndromique en temps réel. Cet article vise à exam-
iner la relation temporelle entre les visites aux salles d’urgence en Ontario et le volume d’appels
au service téléphonique de conseils-santé Télésanté Ontario concernant des troubles respiratoires
afin de mesurer la faisabilité d’utiliser Télésanté Ontario aux fins de surveillance en temps réel.
Méthodes : Nous avons fait une analyse rétrospective d’une série chronologique de données
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Introduction

The prompt detection of disease outbreaks has become a
major area of interest in public health. It is felt that early
detection has the potential to reduce morbidity and mortal-
ity.1 Real-time syndromic surveillance uses existing non-
traditional data for prompt analysis and feedback to those
responsible for investigation and follow-up of potential out-
breaks.2 Decreasing false-alarm rates while reducing time to
detection could improve sensitivity and specificity in a cost-
effective manner. Improving the quality of existing signals
and adding new signals are strategies that may improve the
timeliness of detection.1 Recent studies have suggested that
integrating multiple data sources can significantly improve
detection accuracy of syndromic surveillance systems, but
more work is needed to explore the most effective means of
said integration and what types of data streams give the
greatest benefit.3,4 Current data streams that have the poten-
tial for integration include: over-the-counter drug sales,
emergency department (ED) visits, 911 calls, ambulatory
dispatch, school and work absenteeism records, insurance
and billing claims, and telephone medical helplines.5 In 
Ontario, the earliest points of detection of increased access
to health care would include the purchase of upper respira-
tory illness–related products, the Telehealth Ontario hotline,
and visits to EDs and primary care physicians.6 These 
access points can be complementary or dependent on their 
accessibility to the population.

To our knowledge, no studies have evaluated the use of
Telehealth Ontario data as a surveillance tool. However,
other countries have both prospectively and retrospectively
evaluated the use of their teletriage systems as early warn-
ing systems. Most notably, the United Kingdom has been a

forerunner in the field of teletriage syndromic surveillance,
having used the National Health Service Direct system for
this purpose since 1999.7–13 In the absence of available evi-
dence on Telehealth Ontario’s usefulness as a syndromic
surveillance system, key decision makers may entertain
doubts about telephone health hotline effectiveness, which
hinder further investments and integration of such data into
the health mainstream.14 It should be noted that Telehealth
Ontario is a component of the Ontario Ministry of Health
and Long-Term Care’s (MOHLTC’s) influenza pandemic
plan to aid in surveillance during the pandemic period of
influenza outbreaks. Its main role is to triage callers and
provide health information.15 This further indicates the im-
portance of assessing the value of Telehealth Ontario data.
Many studies have used data on ED chief complaints,
International Classification of Disease (ICD)–coded respi-
ratory illnesses, and/or laboratory-confirmed influenza and
respiratory viruses to retrospectively show the validity of
syndromic surveillance systems16–19 as well as show the im-
pact of such illnesses on the health care system.20–25

The objective of this study was to examine the temporal
relation between Ontario’s ED visits and Telehealth calls
for respiratory illnesses. We hypothesized that calls to the
Telehealth Ontario hotline would be a proxy measure for
respiratory visit data from EDs in Ontario, which could
warrant the inclusion of Telehealth Ontario data into a real-
time syndromic surveillance system.

Methods

Study design
We conducted a retrospective study on respiratory illness
data for a 22-month period between June 1, 2004, and

provenant du Système national d’information sur les soins ambulatoires (SNISA) et de Télésanté
Ontario couvrant la période du 1er juin 2004 au 31 mars 2006. La valeur ajoutée des données de
Télésanté Ontario a été déterminée en comparant ces données temporellement à celles du SNISA,
qui utilise le système de codification de la version élargie (CIM-10-CA) de la Classification interna-
tionale des maladies (CIM-10), pour les diagnostics de congé.
Résultats : Télésanté Ontario a reçu 216 105 appels relatifs à des troubles respiratoires alors que
819 832 plaintes codées selon la CIM du SNISA portaient un diagnostic comparable d’une maladie
respiratoire. Le volume d’appels de Télésanté Ontario était nettement plus élevé pour le groupe
des 0 à 4 ans (49 %), alors que les visites consignées dans le SNISA étaient principalement du
groupe des 18 à 64 ans (44 %). Le coefficient de corrélation de Spearman était de 0,97, et les analy-
ses de série chronologique ont montré des corrélations significatives dans l’intervalle (bimensuel) 0
et 1. Cela signifie qu’il y a une corrélation entre la hausse du volume d’appels à Télésanté Ontario
et la hausse des données de diagnostics de congé du SNISA relatives aux maladies respiratoires.
Conclusion : Les fluctuations du volume d’appels à Télésanté Ontario ont des répercussions di-
rectes sur les données relatives aux visites à l’urgence pour des troubles respiratoires à l’échelle
provinciale. Ces appels constituent un flux de données représentatif, ponctuel et utile, qui est
prometteur pour son intégration dans un système de surveillance syndromique en temps réel.
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March 31, 2006. Anonymized data were obtained from 2
sources: the MOHLTC’s Telehealth Ontario program and
the Canadian Institute for Health Information’s (CIHI’s)
National Ambulatory Care Reporting System (NACRS).
Our data set was limited to this time frame as NACRS data
was only available until March 2006. Inclusion of data be-
fore June 2004 risked introducing uncontrolled variables
owing to the severe acute respiratory syndrome (SARS)
outbreak.

Setting
Telehealth Ontario is a toll-free helpline provided by the
MOHLTC and is available to all residents of the province.
Users are encouraged to call with any general health ques-
tions; confidential advice is given regarding any health con-
cerns. The system is available 24 hours per day, with advice
coming from trained and experienced registered nurses.
Telehealth is available in English and French, with transla-
tional support available in 110 languages.26 Aside from
English and French, Mandarin, Cantonese, Farsi, Italian
and Portuguese are the most requested languages.26 Each
call lasts an average of 10 minutes, with nurses directing
patients to the most appropriate form of care. This is
achieved using a medically approved care advice database
that is evidence based and expert driven.27

NACRS was developed in 1997 by the CIHI to capture
clinical, administrative and demographic information from
all hospital- and community-based ambulatory care.28

Ontario is the only province in Canada that is mandated by
the provincial government to submit all abstracts on patient
visits in a fiscal year. As of July 31, 2006, there were 
186 institutions in Ontario submitting to NACRS.29

Study population
This research was centred on the province of Ontario as its
population base, and all citizens were included in the
catchment area. The study was part of a broader investiga-
tive project that was approved by the Queen’s University
Research Ethics Board.

Data collection and outcome measure
Telehealth services are provided by a private contractor
who was hired by the MOHLTC, which has collected data
since December 2001. After studying various syndromic
surveillance systems, including Real-time Outbreak and
Disease Surveillance (RODS), the Electronic Surveillance
System for the Early Notification of Community-Based
Epidemics (ESSENCE) and the National Health Service
Direct, along with their respective syndrome classifica-
tions, we categorized the Telehealth guidelines into 1 of 

32 syndrome names (e.g., respiratory upper, respiratory
lower, asthma, trauma, gastroenteritis and neurologic–non
infectious, among others). These 32 syndromes were based
on the formative work of the aforementioned systems, and
for the purposes of this study, only calls coded as an upper
or lower respiratory syndrome were analyzed (Box 1).

The institution codes and abstracts the data from
NACRS at the end of a patient visit. CIHI conducts edit
checks on all data submitted to identify duplicate records,
missing data or inconsistencies in data transmission. The
submitting facility is asked to correct any detected errors.28

This database has little missing information. The reliability
of the coding of data collected by CIHI ranges from 74%
to 96%, with influenza and pneumonia reliably coded at
81%.23 Since the 2002/03 fiscal year, NACRS has collected
diagnosis- and intervention-related information based on
the ICD-10-CA (International Classification of Diseases
and Related Health Problems, 10th rev, Canadian En-
hancement) coding system.29 For the purposes of this study,
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Box 1. Syndrome grouping of upper and lower respiratory 
illnesses with corresponding Telehealth Ontario guidelines 

Upper respiratory syndrome 
 • Colds (adult after hours) 

• Colds (pediatric after hours) 
• Congestion – guideline selection  
 (pediatric after hours) 
• Croup (pediatric after hours) 
• Ear, congestion (adult after hours) 
• Ear, congestion (pediatric after hours) 
• Ear, discharge (adult after hours) 
• Ear, discharge (pediatric after hours) 
• Earache (adult after hours) 
• Earache (pediatric after hours) 
• Hoarseness (adult after hours) 
• Hoarseness (pediatric after hours) 
• Respiratory multiple symptoms – guideline selection       
 (adult after hours) 
• Respiratory multiple symptoms – guideline selection 
 (pediatric after hours) 
• Sinus pain and congestion  (adult after hours) 
• Sinus pain or congestion (pediatric after hours) 
• Sore throat (adult after hours) 
• Sore throat (pediatric after hours) 

Lower respiratory syndrome 
 • Cough, acute non-productive (adult after hours) 

• Cough, acute productive  (adult after hours) 

• Cough, chronic (adult after hours) 

• Cough (pediatric after hours) 

• Coughing up blood  (adult after hours) 

• Wheezing, other than asthma (pediatric after hours) 
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each health facility had an experienced health coder assign
an ICD code. Only those that dealt with a communicable
respiratory illness were included in our data set (Table 1).

Statistical analyses
The Telehealth Ontario and NACRS data sources were
compared by fitting time-series models and estimating a
cross correlogram at different lags (semi-monthly). Both
data sets were transformed and detrended by differencing.
Autoregressive moving average models were fitted to the
differenced series to ensure the residuals were white noise.
The autocorrelation and partial autocorrelation functions of
the models were examined to determine autoregressive and
moving average parts of the models. Residuals were
checked for normality against the fitted values and checked
for white noise by the Portmanteau test. Spearman rank
tests were performed and then cross correlations were 
estimated for residuals (to account for seasonality and
trends) at different lags with the limit of statistically sig-
nificant correlation being 2/√(N-1). This method of analy-
sis has been previously demonstrated in National Health
Service Direct research.30 All statistical procedures were
generated with SAS software, version 9.1 (SAS Institute,
Cary, North Carolina).

Results

Of the 1.8 million calls to the Telehealth Ontario hotline
during the study time period, 216 105 calls (~12%) were
for an upper or lower respiratory complaint. In contrast,
819 832 ICD-10-CA coded complaints of the approxi-
mately 17.5 million abstracts submitted to NACRS
(~5%) corresponded to infectious respiratory illnesses
(Table 1). Age breakdowns from each data set are shown
in Table 2, with Telehealth Ontario having more calls re-
garding 0–4-year-olds (49%), while ED visits consisted
of mainly those aged 18–64 years (44%).

There were 2 corresponding peaks for respiratory calls
and respiratory visits in the data sets, both of which oc-
curred during week 7 of 2004 and 2005. The 2004 winter
peak was prolonged and produced higher proportions of
calls to Telehealth Ontario and more visits to EDs for res-
piratory illness, compared with the 2005 season (Fig. 1).

The Spearman rank correlation coefficient was calcu-
lated to be 0.97. The Portmanteau test for cross correla-
tions of residuals found that 3 sets of residuals were white
noise (p = 0.02), which is a discrete time stochastic process
whose terms are independent and identically distributed.
Two statistically significant correlations were found be-
tween the Telehealth Ontario and the NACRS data series.
One was highly significant at lag (semi-monthly) 0, indi-
cating that increases in both series can occur simultane-
ously; whereas, another was weakly correlated at lag 1,
indicating that increases in Telehealth Ontario calls can
precede increases in ED visits by as much as 15 days.

Discussion

This study is the first to examine data from Ontario’s
Telehealth program in an effort to provide evidence of
Telehealth’s possible effectiveness as a surveillance tool.
Our results suggest that the integration of Telehealth 
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Table 1. Communicable respiratory syndromes coded by 
hospital health coder postdischarge from ICD-10-CA 
classifications 

ICD-
10-CA 
code Code description 

J00 Acute nasopharyngitis (common cold) 

J01 Acute sinusitis 

J02 Acute pharyngitis 

J03 Acute tonsillitis 

J04 Acute laryngitis and tracheitis 

J05 Acute obstructive laryngitis (croup) and epiglottitis 

J06 Acute upper respiratory infections of multiple and 
unspecified sites 

J10 Influenza due to identified influenza virus 

J11 Influenza, virus not identified 

J12 Viral pneumonia, not elsewhere classified 

J16 Pneumonia due to other infectious organisms,  
not elsewhere classified 

J17 Pneumonia in diseases classified elsewhere 

J18 Pneumonia, organism unspecified 

J20 Acute bronchitis 

J21 Acute bronchiolitis 

J22 Unspecified acute lower respiratory infection 

J40 Bronchitis, not specified as acute or chronic 

J41 Simple and mucopurulent chronic bronchitis 

J42 Unspecified chronic bronchitis 

ICD-10-CA = International Classification of Diseases Canadian Enhancement. 

Table 2. Age distribution of the National Ambulatory Care 
Reporting System’s emergency department visits and 
Telehealth Ontario calls for respiratory illnesses in Ontario 
from June 2004 to March 2006 

 Group; no. (and %) of ED visitors or callers 

Age, yr 
NACRS; 

n = 819 832 
Telehealth; 
n = 216 105 

0–4 198 585 (24.2) 104 805 (48.5) 
5–17 165 707 (20.2) 29 760 (13.8) 
18–64 362 825 (44.3) 75 095 (34.7) 

≥ 65 92 715 (11.3) 6445 (3.0) 

ED = emergency department; NACRS = National Ambulatory Care Reporting 
System. 
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Ontario data into a real-time syndromic surveillance sys-
tem may be a complementary tool for the detection of
respiratory illnesses on a provincial basis. This is in line
with other studies, which have proposed that multiple
non-traditional data sources may be of significant use to
augment current syndromic surveillance systems.4,16,31,32

Our comparison of Telehealth Ontario with the NACRS
data on respiratory illnesses shows that both curves are
highly correlated. The time-series cross-correlogram
showed that the Telehealth Ontario data can document in-
creases in respiratory calls simultaneously with NACRS,
and it indicated that if threshold levels are set for the start
of outbreaks, they may provide up to 15 days advance
warnings of ED visits. This also gives a positive indication
that Telehealth Ontario can be used as a proxy measure for
discharge diagnoses from EDs for respiratory illness.

The more intense and prolonged 2004/05 winter peak
was likely due to the fact that 2004/05 was predominantly
an Influenza A year (81% of all cases in Canada were 
Influenza A,33 compared with 61.1% in 2005/0634), with a
larger number of cases relative to other years (10 006 con-
firmed cases in 2004/05 v. 6590 confirmed cases in

2005/06). In the 2004/05 influenza season, the Public
Health Agency of Canada reported a peak during week 9 of
2005 for Ontario, 2 weeks later than the Telehealth Ontario
and NACRS data; in 2005/06, the Public Health Agency of
Canada reported a peak for Ontario was during week 8 of
2006, 1 week after the Telehealth Ontario and NACRS
data.33,34 These lag periods reiterate Telehealth Ontario’s po-
tential as a viable early warning system for respiratory ill-
ness. Evaluation of aberration detection methods on both
curves is the next step to ascertain if sufficient specificity
values are being obtained from the warnings to show that
action by surveillance teams and doctors is warranted.

The strength of the NACRS data is based on physicians’
diagnoses, which are then converted to ICD codes. Studies
on the accuracy of ICD-9 (International Classification of
Diseases, 9th rev) codes for respiratory illness have shown
excellent specificity and moderate sensitivity, supporting
their use in public health surveillance.35 While our study
used the newer classifications (ICD-10-CA), we revised
our inclusion of specific codes as a result of recent work
that found the most sensitive ICD-9 codes for influenza-
like illness surveillance.36 Furthermore, evidence suggests
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Fig. 1. Telehealth Ontario and the National Ambulatory Care Reporting System (NACRS) time series for respiratory illnesses,
semi-monthly, for Ontario from June 2004 to March 2006. *Call volume refers to Telehealth Ontario hotline (data series 
4 times original counts); †Number of emergency department (ED) visits refers to data from the NACRS; ‡The date of the call
was the first day of each month.
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that this is a valid assumption as syndromic surveillance
systems are stable (i.e., resilient toward change, such as a
shift from coding in ICD-9 to ICD-10).37 Although the
NACRS is a concise, clinical-based data set, its flaw is its
timeliness. The MOHLTC mandates all Ontario hospitals
to submit data, but its only requirement is that abstracts be
submitted before the fiscal year–end deadline. This report-
ing lag makes using these data for a real-time surveillance
system impractical, whereas the Telehealth Ontario data
are recorded in real-time as an electronic form, which
could theoretically be integrated into an existing provincial
surveillance system.

Telehealth Ontario receives a large volume of calls for
0–4-year-olds and a marked deficiency in those over the
age of 65, compared with ED visits. This inadequate repre-
sentation of the elderly population may be explained by
their hesitation to use the Telehealth Ontario program or by
their lack of awareness of it, or their preference to see a
family physician or visit the ED. The overrepresentation of
calls associated with 0–4-year-olds may in fact be essential
to monitor, as children are the primary propagators of res-
piratory-type illnesses such as influenza; they also have
longer durations of viral shedding and generally higher
titres of recovered viruses.38–40 By identifying respiratory
illness in children early, we may be able to identify circu-
lating viruses and implement appropriate public health
measures (such as public messaging, calls for vaccination
and school closures) to further mitigate the spread of dis-
ease to other children, adults and the elderly. Further, if
Telehealth Ontario is able to identify those patients who do
not require emergency medical treatment and instead di-
vert them to self-care or their family physician, this may
help reduce the burden on EDs. However, if this is to be 
an effective method, further work will have to be done to
ensure that patients follow the action suggested by the
Telehealth Ontario nurse. Another positive aspect of the
Telehealth Ontario program is its accessibility to those liv-
ing in remote geographic areas where hospitals or primary
care may be difficult to access.

Limitations

Our study has several limitations. First, administrative data
has its inherent weaknesses as there is always the possibil-
ity for coding and entry errors as well as misdiagnoses. Al-
though experienced physicians, nurses and health coders
provide this data, human error can be a factor. Second, the
retrospective aspect can also be of consequence as there is
no possibility to follow up on missing or incomplete data.
Although NACRS has very good filters for this, Telehealth

Ontario does not. The age and sex categories of the 
Telehealth Ontario data set showed minimal missing val-
ues (data not shown). These missing values, along with
possible minor misclassifications, are not expected to in-
fluence results owing to the large amount of data in both
series. Third, selection bias may also have been introduced
by people who do not seek any form of medical attention.
This issue is also thought to be of small consequence 
to our study because of the toll-free nature of Telehealth
Ontario and the free access to health care for all Canadians.
Finally, we only had 22 months of data to examine and
therefore conclusions based on this can only reflect the
seasonality and circulation of respiratory viruses for this
time period.

Conclusion

The analysis of routinely collected Telehealth Ontario data
provides evidence that it can be a proxy measure for ED-
visit data for respiratory illnesses on a provincial basis.
This is potentially the only source of province-wide real-
time surveillance data in Ontario. The only other method
currently used is influenza-like illness surveillance, which
is reported by sentinel physicians (1 sentinel physician per
165 000 people).15 The integration of Telehealth Ontario
data into existing real-time syndromic surveillance systems
may improve the ability of such systems to detect out-
breaks of respiratory illness and assess the impact on EDs
more quickly than current methods. This would allow pub-
lic health and emergency management officials a novel
means of timely surveillance, which could enable prompt
preparation and action toward influenza-like illness out-
breaks. Further research on Telehealth Ontario and other
non-traditional data sources is needed in an ongoing effort
to improve disease detection and to provide evidence for
their effectiveness as tools for surveillance, especially dur-
ing pandemic influenza periods.
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