
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



lable at ScienceDirect

Public Health 213 (2022) 5e11
Contents lists avai
Public Health

journal homepage: www.elsevier .com/locate/puhe
Original Research
Real-time surveillance of severe acute respiratory infections in
Scottish hospitals: an electronic register-based approach, 2017e2022

J. Wells a, b, J.J. Young a, *, C. Harvey a, H. Mutch a, D. McPhail a, N. Young a, L.A. Wallace a,
G. Ladbury a, J.L.K. Murray a, d, J.M.M. Evans a, c

a Public Health Scotland, Glasgow, Scotland, UK
b Dept. Mathematics & Statistics, University of Strathclyde, Glasgow, Scotland, UK
c Faculty of Health Sciences and Sport, University of Stirling, Stirling, UK
d School of Medicine, University of St. Andrews, St. Andrews, UK
a r t i c l e i n f o

Article history:
Received 31 May 2022
Received in revised form
6 September 2022
Accepted 8 September 2022

Keywords:
Surveillance
Severe acute respiratory infections (SARI)
SARS-CoV-2
Influenza
ICD-10 codes
Electronic
Register-based
COVID-19
* Corresponding author.
E-mail address: Johanna.young@phs.scot (J.J. Youn

https://doi.org/10.1016/j.puhe.2022.09.003
0033-3506/© 2022 Published by Elsevier Ltd on beha
a b s t r a c t

Objectives: The COVID-19 pandemic highlighted the importance of routine syndromic surveillance of
respiratory infections, specifically new cases of severe acute respiratory infection (SARI). This surveillance
often relies on questionnaires carried out by research nurses or transcriptions of doctor's notes, but
existing, routinely collected electronic healthcare data sets are increasingly being used for such sur-
veillance. We investigated how patient diagnosis codes, recorded within such data sets, could be used to
capture SARI trends in Scotland.
Study design: We conducted a retrospective observational study using electronic healthcare data sets
between 2017 and 2022.
Methods: Sensitive, specific and timely case definition (CDs) based on patient diagnosis codes contained
within national registers in Scotland were proposed to identify SARI cases. Representativeness and
sensitivity analyses were performed to assess how well SARI cases captured by each definition matched
trends in historic influenza and SARS-CoV-2 data.
Results: All CDs accurately captured the peaks seen in laboratory-confirmed positive influenza and SARS-
CoV-2 data, although the completeness of patient diagnosis records was discovered to vary widely. The
timely CD provided the earliest detection of changes in SARI activity, whilst the sensitive CD provided
insight into the burden and severity of SARI infections.
Conclusions: A universal SARI surveillance system has been developed and demonstrated to accurately
capture seasonal SARI trends. It can be used as an indicator of emerging secondary care burden of
emerging SARI outbreaks. The system further strengthens Scotland's existing strategies for respiratory
surveillance, and the methods described here can be applied within any country with suitable electronic
patient records.

© 2022 Published by Elsevier Ltd on behalf of The Royal Society for Public Health.
Introduction

Syndromic surveillance aims to monitor disease indicators in
near real time to detect trends and outbreaks of disease earlier than
would otherwise be possible via traditional public healthmethods.1

This is typically achieved using data from various sources e such as
hospitals, emergency departments, primary care, health advice
phone lines and pharmacies.2e5
g).
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The COVID-19 pandemic has highlighted the ongoing impor-
tance of routine syndromic surveillance of respiratory infections,
specifically new cases of severe acute respiratory infection (SARI).6,7

These cover a wide range of pathogens, including SARS-CoV-2,
respiratory syncytial virus (RSV) and influenza. The World Health
Organization defines a SARI case as an acute respiratory infection
with history of fever or measured fever of �38 C� and cough, with
onset within the last 10 days, that requires hospitalisation.8 SARI
cases are thus defined by the presence of symptoms (fever, cough)
rather than by laboratory confirmation of a pathogen.

The collection of syndromic respiratory data for surveillance
often relies on questionnaires carried out by research nurses or
ealth.
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Table 1
ICD-10 codes used for severe acute respiratory infection, influenza-like illnesses and
SARS-CoV-2 surveillance within the literature.

ICD-10
code

Corresponding condition Literature
used by

J00 Acute nasopharyngitis (common cold) 17,20
J01 Acute sinusitis 20
J02 Acute pharyngitis 17
J04* Acute laryngitis and tracheitis 17
J06 Acute upper respiratory infections of multiple and

unspecified sites
16,17,20

J09* Influenza due to certain identified influenza viruses 9,17,18,20,23
J10* Influenza due to other identified influenza virus 9,17,18,20,23
J11* Influenza due to unidentified influenza virus 9,16e18

20,23
J12* Viral pneumonia, not elsewhere classified 9,18,20,23
J13* Pneumonia due to Streptococcus pneumoniae 9,18
J14* Pneumonia due to Haemophilus influenzae 9,18
J15* Bacterial pneumonia, not elsewhere classified 9,18
J16* Pneumonia due to other infectious organisms, not

elsewhere classified
9,17,18

J17* Pneumonia in diseases classified elsewhere 9,18
J18* Pneumonia, unspecified organism 9,16e18,20
J20* Acute bronchitis 9,18,20,23
J21* Acute bronchiolitis 9,18,23
J22* Unspecified acute lower respiratory infection 9,16,18,20,23
J40 Bronchitis, not specified as acute or chronic 20
B34 Viral infection of unspecified site 16
B97.4 Respiratory syncytial virus as the cause of diseases

classified elsewhere
23

R05 Cough 20
U07.1* SARS-CoV-2 confirmed 21
U07.2* SARS-CoV-2 suspected 21
J80* Acute respiratory distress syndrome 24

ICD-10, International Classification of Diseases, Tenth Revision.
*ICD-10 codes part of SARI surveillance in Scotland.
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transcriptions of doctor's notes.9e11 For example, in response to the
2009 influenza A (H1N1) pandemic, New Zealand established
syndromic SARI surveillance within selected sentinel hospitals in
20129 as part of the Southern Hemisphere Influenza and Vaccine
Effectiveness Research and Surveillance programme.10 Overnight
inpatients with suspected respiratory infections were screened
daily, and if theWorld Health Organization SARI definitionwasmet,
a respiratory sample was laboratory tested for influenza. Similar
syndromic SARI surveillance systems have been implemented in
nine Eastern European countries.11 These surveillance systems are
often time consuming and labour intensive for clinicians collecting
the data.

Existing, routinely collected electronic healthcare data sets are
increasingly being used for real-time surveillance. Although
symptoms data such as ‘cough’ or ‘fever’ are generally not routinely
collected by these data sets, suspected or confirmed condition/
disease (e.g. ‘pneumonia’), are often recorded as electronic diag-
nosis codes (e.g. International Classification of Diseases, Tenth
Revision [ICD-10] codes).12 These codes can act as proxies for SARI
presentations and hence be used to identify new SARI cases in real
time.

John Hopkins University outlined a blueprint for SARI surveil-
lance in the United States (Electronic Surveillance System for the
Early Notification of Community-Based Epidemics).13 This com-
bines numerous data sets, including a validated set of ICD-9 patient
diagnosis codes (predecessor to ICD-10), to achieve daily outbreak
surveillance at both community and hospital levels.14,15 In Australia,
ICD-10 codeebased surveillance for influenza was explored, using
data from two sentinel hospitals, both before and during a
pandemic.16 In Canada, ICD-10 codeebased case-finding algorithms
were demonstrated to successfully identify influenza hospital-
isations from discharge records, using influenza-specific diagnosis
codes (J09 and J10).17 Similarly, in Germany, an ICD-10 codeebased
SARI surveillance system was developed within a private network
of sentinel hospitals.18

The ICD-10 codes J09-J22, including influenza, pneumonia and
other acute lower respiratory infections, are the most commonly
used for SARI and influenza-specific surveillance17,19,20 (Table 1).
Two new ICD-10 codes specifically for SARS-CoV-2 have since been
introduced, U07.1 and U07.2, for confirmed and suspected COVID-
19 cases, respectively.21,22

Set against the backdrop of the COVID-19 pandemic, Public
Health Scotland developed a new surveillance system to monitor
SARI presentations at hospital level within Scotland. The main goal
was to use existing routinely collected ICD-10 code data, detailing
Scottish hospital admissions, to monitor SARI admissions in close to
real time. This would act as an indicator of the secondary care
burden associated with future outbreaks of respiratory pathogens,
help inform intervention policy and thereby minimise the burden
on the National Health Service. In this article, we describe the
development and validation of the surveillance system.
Methods

The SARI surveillance system uses ICD-10 codes listed in the
routinely collected patient diagnosis fields of Scotland's two main
national hospital data sets that collect data on every inpatient
hospital admission in Scotland: The General Acute Inpatient and
Day Case - Scottish Morbidity Record (SMR01)25 and the Rapid
Preliminary Inpatient Dataset (RAPID).26 Both contain patient-level
demographic details (treatment location, age, gender etc), and
other variables related to a patient's stay in hospital are indexed by
a Community Health Index. This unique patient identifier is used
widely in other national data sets. Both SMR01 and RAPID contain
6

six patient diagnosis fields, populated with ICD-10 codes, to
document a patient's main condition and any comorbidities.

SMR01 is a validated data set with ICD-10 coding fully complete.
However, records are completed after hospital discharge, and
therefore, long-stay patients may not be included in the data set for
a significant period, with a fully complete data set having a time lag
of around 3 months.

In contrast, the RAPID data set is updated weekly in each of the
14 local health authorities in Scotland, with ICD-10 codes contin-
uously added for a fixed period, after which no further updates are
made. This period varies by a local health authority, from 2 to 8
weeks. The level of completeness of the ICD-10 codes therefore also
varies by health authority, ranging from <5% to >90%, although
overall in RAPID, the patient diagnosis fields are completed for
around 30% of all hospital admissions. However, no local health
authority could be identified that could act as a sentinel health
authority on its own, as those with the highest levels of
completeness tended to have the longest time lag. Because RAPID is
an unvalidated data set, it is also possible that ICD-10 codes are
updated for SMR01.

Using the ICD-10 codes likely to be representative of a SARI case
(J09-J22, J80, U07.1, U07.2 and J04; Table 1), three SARI case defi-
nitions (CDs) were defined using either SMR01 or RAPID:

1. Sensitive case definition (CD1): Any patient discharged from a
Scottish hospital who had at least one of the specified ICD-10
codes listed in any of the six patient diagnosis fields in their
SMR01 record for each individual hospital stay.

2. Specific case definition (CD2): Any patient discharged from a
Scottish hospital who had one of the specified ICD-10 codes
listed in the main/first patient diagnosis field in their SMR01
record for each individual hospital stay.
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3. Timely case definition (CD3): Any patient admitted to a Scottish
hospital who had at least one of the specified ICD-10 codes listed
in any of the six patient diagnosis fields in their RAPID records
for each individual hospital stay.

To assess how well their results matched known trends in sea-
sonal data (representativeness), each CD was applied to historic
SMR01 and RAPID data covering the period from 2017 to 2022. The
number of weekly SARI cases collected by each CD was then
comparedwith historical influenza and SARS-CoV-2 hospitalisation
trends over these four seasons. These included all patients with a
laboratory-confirmed test result either during their stay or within 7
days before admission for influenza and 14 days before admission
for SARS-CoV-2. Patients with multiple laboratory-confirmed test
results were counted separately for each infection.

In the absence of gold-standard symptoms data to definitively
confirm an SARI diagnosis, we made the assumption that CD1 case
counts most closely reflected the trueSARI hospital burden as all six
patient diagnoses fields were used. The proportion of overall SARI
cases captured by each CD (sensitivity) was estimated by calcu-
lating the weekly proportions of SARI cases (as a percentage)
captured by the sensitive CD (CD1), which were also captured by
the specific (CD2) and timely (CD3) CDs. The annual average of
these percentages was then determined for each season (Interna-
tional Organization for Standardization (ISO) week 40 to week 39).
A correlation analysis was conducted to examine the relation be-
tween the three CDs (CD1 vs CD2, CD1 vs CD3 and CD1 vs CD3
excluding weeks 10e23, 2020), by week.

As a further step in validation, the SARI cases were linked via
Community Health Index number to the ECOSS (Electronic
Communication of Surveillance in Scotland) data set that provides all
laboratory test data for respiratory viruses (including SARS-CoV-2,
influenza and RSV). SARS-CoV-2, influenza and RSV-confirmed
SARI cases were defined as SARI cases with a laboratory-confirmed
test result either during their hospital stay or 7 days before admis-
sion for influenza and RSV and 14 days before admission for SARS-
CoV-2. These respiratory viruses were selected, as they are some of
the most common viruses associated with SARI.27e29

R statistical software was used for all data analysis and the
generation of the graphs.30 Week 53 for non-leap years presented
in the graphs was dealt with by averaging data for week 52 and
week 1 of the subsequent year.

Results

Representativeness and sensitivity analyses

The representativeness analysis shows that all CDs identified
similar seasonal peaks and trends compared with the laboratory-
confirmed influenza and SARS-CoV-2 test results between week
40, 2017, and week 10, 2022 (Fig. 1). The number of identified SARI
cases drops substantially in themost recent period, reflecting the 8-
to 12-week time delay for the completion of SMR01. The decrease is
less pronounced for RAPID data, which only ever captures a pro-
portion of hospital admissions. The sensitivity analysis indicates
that on average (from week 40, 2017, to week 10, 2022), CD2
captured 67.5% (42,388/62,752) of the SARI cases identified by CD1
and showed a strong correlation (r ¼ 0.98). CD3 only returned
23.8% (14,815/62,752) of CD1's total case count (Table 2) and
correlated moderately with CD1 (r ¼ 0.48). However, CD3 still
captured the overall trends of the other CDs, and this percentage
increased to 33.3% (20,086/60,333) during the 2019e2020 season
(Fig.1). A strong correlationwas found between CD1 and CD3when
weeks 10e23, 2020, were excluded, as the completion of ICD-10
7

codes in RAPID was significantly higher than any other period
investigated (r¼ 0.75). The proportion of cases captured by CD2 did
not vary significantly over time, but there was no additional
advantage in using CD2 for the surveillance system.

All CDs identified the influenza outbreak that occurred in
2017e2018 and trends during this time were similar to confirmed
influenza test results of hospitalised patients. The number of new
SARI cases identified through CD1 was highest during this outbreak
and higher even than during the peak of the COVID-19 pandemic.
During the 2018e2019 winter season, CD1 and CD2 showed an
increase in SARI cases before an increase in laboratory-confirmed
influenza cases was observed. Similarly, at the start of the
2019e2020 season, SARI cases identified through CD1 and CD2
increased before an increase in laboratory-confirmed influenza
cases was seen. Later that season, and at the start of the pandemic,
an increase in SARI cases was observed with all three CDs, with CD3
picking up the rise in SARI cases slightly before the laboratory test
result data, demonstrating its potential to identify changes in SARI
hospital admissions thatmay occur before other signals. At the start
of the 2021e2022 winter season, the number of admissions iden-
tified through CD2 was almost identical to the number of SARS-
CoV-2 laboratory-confirmed tests of hospitalised patients, sug-
gesting that during this time, all hospitalised patients with SARS-
CoV-2 had a U07 (SARS-CoV-2) code in their main diagnosis field
in SMR01. These analyses confirm that the selected CDs capture
representative trends in SARI cases.

Laboratory-confirmed results

During the first two-and-a-half-year observation period, sea-
sonal patterns were visible for SARI cases identified through CD3
that had a laboratory-confirmed influenza test result, whereas
seasonal patterns for those with a laboratory-confirmed RSV test
result were observed in winter 2018e2019 and 2019e2020 (Fig. 2).
Minimal influenza and RSV were observed in 2020e2021 and
2021e2022, whereas there was a clear peak in SARI cases with a
laboratory-confirmed SARS-CoV-2 test result around week 14,
2020.

Discussion

In Scotland, the CD3 is now being routinely used in parallel with
the CD1 to identify SARI cases for this new SARI surveillance sys-
tem. SARI surveillance (as opposed to pathogen-based surveillance)
has the important advantage of identifying increased SARI activity
arising from new variants or pathogens that are not yet part of
routine testing procedures. Although the time lag associated with
the availability of complete SMR01 data limits its use for achieving
true real-time surveillance using either CD1 or CD2, CD1 and CD3
complement each other to provide both a complete and timely SARI
surveillance system for Scotland. CD3 is being used to carry out
weekly identification of SARI cases within RAPID at national level.
Although ICD-10 codes have not reached their full level of
completeness in the most recent 8-week period, and the actual
numbers of SARI cases are uncertain, any increase in SARI numbers
within these most recent weeks will always represent an increase
in real-life cases and can thus act as an indicator of increasing
burden in secondary care. Trends in overall SARI numbers can also
be cross-checked with trends in the individual local health au-
thorities that have the shortest time lag for full completion for early
signals of localised increases in SARI admissions. CD1 using SMR01
data then provides a more complete, but retrospective, picture of
overall number of admissions. This enables validation of the peaks
and trends captured by CD3 retrospectively and also provides



Fig. 1. Weekly number of SARI cases for each case definition and weekly number of laboratory-confirmed influenza and SARS-CoV-2 test results amongst hospital patients either
during their stay or within 7 and 14 days before admission, respectively, by season, from week 40, 2017, to week 10, 2022. *Week 10, 2020, corresponds to the first case of
community transmission of SARS-CoV-2. **Laboratory-confirmed test results of influenza and SARS-CoV-2; these correspond to positive results obtained during the patient's
hospital stay or the 7 days before hospital admission for influenza or the 14 days before hospital admission for SARS-CoV-2. ***The CD3 SARI cases are scaled by two (with an
appropriate y-axis provided on the right) to emphasise the patterns the case definition captures. ****The grey window highlights the maximum estimated time delay within the
RAPID data set. Figures within this window (for CD3) are therefore liable to increase further.

Table 2
Number and percentage of SARI cases captured by the sensitive case definition (CD1; n ¼ 62,752), which were also captured by the specific (CD2) and timely (CD3) case
definitions, by season, from week 40, 2017, to week 10, 2022.

Case definition Number and percentage of CD1 cases captured

2017e2018 2018e2019 2019e2020 2020e2021 Average

n % n % n % n % n %

CD1: sensitive (SMR01) 67,221 100 63,400 100 60,333 100 60,055 100 62,752 100
CD2: specific (SMR01) 44,530 66.2 42,329 66.8 41,387 68.6 41,306 68.8 42,388 67.5
CD3: timely (RAPID) 10,499 15.6 14,909 23.5 20,086 33.3 13,765 22.9 14,815 23.8
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supporting evidence for any recent patterns that emerged using
CD3. Further data linkage provides an in-depth analysis of the SARI
cases and outputs on age groups, gender, laboratory pathogens
8

detected and ICU/HDU admission. Weekly reporting from the sys-
tem is used to help inform policy decisions at both local health
authority level and within national government.



Fig. 2. Weekly number of SARI cases identified by CD3, by laboratory-confirmed pathogen and season, from week 40, 2017, to week 10, 2022. *The grey window highlights the
maximum estimated time delay within the RAPID data set. Figures within this window (for CD3) are therefore liable to increase further.
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The validation of the three CDs demonstrated that the number
of SARI cases identified by CD3 was highest in 2019e2020 during
the peak of the COVID-19 pandemic. CD3 picked up seasonal peaks
after the introduction of SARS-CoV-2, but pre-SARS-CoV-2, these
seasonal trends are less evident. This is likely due to the improve-
ment of the data quality and completeness levels of ICD-10 codes in
the RAPID data set as a response to the pandemic.

CD1 and CD2 demonstrate clear seasonal trends across the four
seasons in line with the laboratory-confirmed influenza and SARS-
CoV-2 test results. However, the number of SARI cases identified
through both CDs reached their highest levels during the influenza
epidemic in 2017e2018 and not during the pandemic, despite
widespread reporting that health systems were experiencing un-
precedented strain during this time. It may be that the threshold for
an SARI hospital admission was higher during the pandemic. The
Scottish population was directed to self-isolate and only seek care
9

when absolutely essential, so only the most severe cases of COVID-
19 patients were admitted to hospital, and these patients required
high-level and resource-intensive care.31e33

Before the COVID-19 pandemic, it was observed that the data on
laboratory-confirmed, positive influenza cases consistently fell
significantly below the weekly case count numbers identified by
CD1 and CD2 used by the SARI surveillance. It may be that fewer
patients were tested for non-SARS-CoV-2 respiratory pathogens at
this time. This changed in 2020e2021 when the increase in SARS-
CoV-2 testing meant that the number of laboratory-confirmed
cases was much closer to the CD1 and CD2 figures and is particu-
larly obvious at the start of the pandemic in weeks 10e20, 2020,
when the first case of community transmission was identified in
Scotland,34 and in the rest of the 2020e2021 season (Fig. 1).

Similarly, in 2020e2021, the high number of SARS-CoV-2 tests
being recorded provides a useful platform for validation of the SARI
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CDs. Almost all respiratory hospital admissions would have had a
SARS-CoV-2 test, and so the testing figures could be assumed to
capture a high proportion of SARS-CoV-2 hospital admissions.
However, this is only applicable to SARI cases admitted for SARS-
CoV-2 due to the low transmission of influenza and other respira-
tory pathogens during this same period, probably as a result of the
nationwide lockdowns and social-distancing measures associated
with the SARS-CoV-2 response.

The validation highlighted several periods of poor completion of
ICD-10 codes within the RAPID data set. Nationally, between 2017
and 2019 (inclusive), the completion levels of these ICD-10 codes
were around 10% but have increased to around 30% completion
more recently. At the start of the COVID-19 pandemic, the ICD-10
completion levels in RAPID increased considerably but soon
decreased when pressure in health care settings increased. This
RAPID completeness issue is complex; partly caused by the
collection of the ICD-10 codes not being mandatory; non-
standardised policies, differing standards and multiple different
reporting formats across the various regional local health author-
ities; alongside staffing constraints experienced within the data
reporting teams. Completion of ICD-10 codes within the RAPID data
set also varies between hospital and week by week, so timeliness
and completeness of RAPID need to be continually monitored at
local health authority level, and checks made for potentially biased
completeness levels, for example, by ICD-10 code or over time. It is
likely that similar variations and inconsistencies may occur in the
data collection arena across countries worldwide. Thus, when
developing this kind of electronic register-based surveillance, care
should be taken to identify and understand any sources of variation,
along with any other nuances of a chosen data set.

In summary, SARI surveillance using routinely collected, elec-
tronic hospital data sets has been shown to be viable and a valuable
source of information for monitoring SARI trends across Scotland,
given current levels of completion and timeliness. The quality of the
real-time results could be further strengthened if levels of
completeness were improved. Outputs provide detailed informa-
tion without the need for additional data collection resources at
hospital level and can easily be expanded upon, or linked to addi-
tional data sets, to provide further insight. This is a faster alterna-
tive for real-time SARI surveillance than traditional syndromic
methods. Scotland's SARI surveillance system can act as an indi-
cator of secondary care burden; be easily adaptable to include both
existing and future emerging respiratory pathogens; reflect the
broader picture of disease burden due to SARI; and provide data for
further analyses, such as vaccine effectiveness for COVID-19 and
influenza. SARI outputs presented here are updated routinely and
presented in weekly Public Health Scotland reports. Further vali-
dation work is ongoing to assess and further enhance the perfor-
mance of this surveillance system. From an international
perspective, this type of surveillance could be applied within any
country with similar electronic hospital data sets and could even
evolve into a real-time worldwide SARI surveillance system, which
could help strengthen SARI surveillance across the globe.
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