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a b s t r a c t

Objective: To set up and evaluate a new surveillance system for severe acute respiratory infection (SARI)
in Scotland.
Study design: Cross-sectional study and evaluation of surveillance system.
Methods: The SARI case definition comprised patients aged 16 years or over with an acute respiratory
illness presentation requiring testing for influenza and SARS-CoV-2 and hospital admission. Data were
collected from SARI cases by research nurses in one tertiary teaching hospital using a bespoke data
collection tool from November 2021 to May 2022. Descriptive analyses of SARI cases were carried out.
The following attributes of the surveillance system were evaluated according to Centers for Disease
Control and Prevention (CDC) guidelines: stability, data quality, timeliness, positive predictive value,
representativeness, simplicity, acceptability and flexibility.
Results: The final surveillance dataset comprised 1163 records, with cases peaking in ISO week 50 (week
ending 19/12/2021). The system produced a stable stream of surveillance data, with the proportion of
SARI records with sufficient information for effective surveillance increasing from 65.4% during the first
month to 87.0% over time. Similarly, the proportion where data collection was completed promptly was
low initially, but increased to 50%e65% during later periods.
Conclusion: SARI surveillance was successfully established in one hospital, but for a national system,
additional sentinel hospital sites across Scotland, with flexibility to ensure consistently high data
completeness and timeliness are needed. Data collection should be automated where possible, and
demands on clinicians minimised. SARI surveillance should be embedded and resourced as part of a
national respiratory surveillance strategy.
© 2024 The Authors. Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The COVID-19 pandemic has highlighted the significance of
respiratory surveillance systems at the population level, a recog-
nition further supported by the World Health Organization
(WHO).1 Most European countries have well-established weekly
near real-time surveillance systems for influenza-like illness (ILI)
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and/or acute respiratory infections (ARI) in primary care.2,3 These
systems have since been expanded to SARS-CoV-2.4

Ideally, primary care ARI systems are complemented by sur-
veillance of severe acute respiratory infections (SARI) in secondary
care.5 SARI surveillance involves the identification of acute pre-
sentations of infectious respiratory symptoms, regardless of caus-
ative pathogen, that are so severe they require admission to
hospital. This differs from pathogen-based surveillance as SARI
cases are defined by WHO as the presentation of a clinical syn-
drome, regardless of causative pathogen; specifically: an acute
respiratory infection with history of fever or measured fever of
�38 C� and cough; with onset within the last 10 days.6 The primary
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aims of SARI surveillance are to monitor trends in SARI and their
impact on hospital admission and in-hospital mortality, to ensure
early detection and response to unusual and unexpected events
caused by common or emerging respiratory pathogens, and to
assess the impact of public health interventions on respiratory in-
fections. Secondary objectives are to identify risk factors for SARI
and mortality, and to contribute to vaccine effectiveness
monitoring.7

In response to the 2009 influenza pandemic, syndromic SARI
surveillance based on active case finding was established in a
number of settings, including in nine Eastern European countries,8

and in sentinel hospital sites in China,9 Belgium10 and New Zea-
land.11 Sentinel SARI surveillance in one sentinel hospital in Ireland
was also established between July 2021 and April 2022.12

In 2021, Scotland established a passive system for severe acute
respiratory infection (SARI) surveillance. This system uses routine
healthcare data to serve as an indicator for the secondary care
impact of emerging SARI outbreaks. It involves the use of national
hospital admission datasets to identify patients admitted to hos-
pitals, specifically those assigned ICD-10 diagnosis codes indicative
of a syndromic SARI admission.13 This is similar to an approach used
within a private hospital network in Germany.14 However, the
specificity of the Scottish system (known as proxy-SARI) to capture
true SARI admissions is relatively low, and validated data are not
sufficiently timely for prompt public health response.

To overcome these limitations in the passive systems, a new
SARI surveillance system was developed and piloted at a large
regional University hospital (Queen Elizabeth University Hospitale
QEUH) in the largest of 14 independent Health Boards in Scotland
(NHS Greater Glasgow and Clyde e GGC) in November 2021. The
aims of the system were to provide a more accurate and timely
measure of SARI cases by person, place and time, as well as to
characterise patient risks and outcomes. This artricle describes the
implementation and evaluation of Scotland's new SARI surveillance
system.

We describe the characteristics of patients included in the sur-
veillance system, discuss the process and outputs, evaluate data
quality and completeness, and consider the future for population-
level active SARI surveillance in Scotland.
Methods

Study design and data source

The GGC SARI surveillance system was set up by Public Health
Scotland (PHS) as one component of a wider research study, clinical
characterisation of respiratory viral infections among patients with
hospitalised severe acute respiratory illness using point-of-care
multiplex asssays (CHARISMA).15 CHARISMA is a prospective
cohort study of adult patients who attended the Emergency
department (ED), the Specialist assessment and treatment area
(SATA) or the acute receiving units (ARU) within a tertiary teaching
hospital (QEUH) in NHS Greater Glasgow and Clyde (NHSGGC). This
hospital typically admits around 110,000 patients per year. Those
with a SARI presentation were recruited and underwent a cobas®
Liat® point-of-care multiplex real-time polymerase chain reaction
(RT-PCR) test. This test detects influenza A/B and SARS-CoV-2 in
20 min from a single upper respiratory tract (URT) sample and this
process was implemented specifically for the CHARISMA study.

A large dataset was collected on admissions of all SARI cases as
part of the CHARISMA study. The SARI surveillance systemwas then
operationalised by a specific surveillance dataset (an agreed subset
of variables from the larger CHARISMA dataset) being securely
provided to PHS weekly.
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SARI case definition, inclusion, and exclusion criteria

The case definition used for the CHARISMA study was expanded
from the WHO-SARI definition6 and included any hospitalised pa-
tient aged over 16 years with clinical suspicion of severe acute res-
piratory illness who was therefore tested for influenza and SARS-
CoV-2 within 24 h of emergency admission. Unlike the WHO
criteria, there was no limit on time since symptom onset. All patients
who fit the case definition were eligible for the CHARISMA study
(although they were not necessarily all recruited during periods of
high activity). Detailed inclusion and exclusion criteria are presented
in Supplementary Table 1, alongside the WHO-SARI definition.

Sampling and data collection

SARI cases for the CHARISMA study were identified by the
clinical team at triage or during the admission process, and
augmented by any other eligible patients who had a point-of-care
test but had not already been recruited. The aim was to identify
all SARI cases, although this was not always achieved. Data were
collected on admissions of SARI cases using a bespoke data
collection tool, the Turas Clinical Assessment Tool (TCAT). The TCAT
tool was designed to support clinical workflowwhen a SARI patient
was identified, taking only a few minutes to complete.

Research nurses collected a large dataset for the CHARISMA
study, but the SARI surveillance dataset contained only a subset* of
the CHARISMA variables, specifically: demographic details of the
patient*, SIMD deprivation category*, date of admission*,
symptoms*, COVID-19 and influenza vaccination history*, presence
of co-morbidities, drugs administered, laboratory results, radiology
results and viral sequencing. Once the surveillance dataset was
complete, the SARI record was marked as completed and submitted.
However, complete data collection was not necessarily achieved
during hospital admission, and there could be a time lag between a
draft record being created, and the complete record being submitted.

Linkage and analysis

All records of SARI cases with complete surveillance data and a
proportion of draft records (those with complete symptoms data)
were used for weekly surveillance analyses and outputs. Any ad-
missions to Intensive Care Unit/High Dependency Unit (ICU/HDU)
within 7 days of hospital admission, or death within 30 days of
hospital discharge, were identified by performing deterministic
data linkage at PHS using the CHI number (a 10-digit number used
to index health and mortality records in Scotland). Cases were also
linked to vaccination records for COVID-19 to validate vaccination
status. Periodic snapshots of the data within the TCAT tool were
generated monthly to monitor data quality. A final SARI surveil-
lance dataset was sent to PHS at the end of the surveillance period.

Evaluation

Eight attributes of a surveillance systemwere assessed at various
timepoints and within the final SARI dataset. Attributes were
described according to the US Centers for Disease Control and Pre-
vention (CDC) guidelines for evaluation of surveillance systems.16

Table 1 defines each of these attributes and how they were assessed.

Results

Total number of SARI cases

Overall, 1665 records of SARI admissions were identified during
the study period. After removing 115 duplicates and 346 records



Table 1
Definitions of the attributes of a surveillance system and how they were assessed.

Attribute Definition How assessed

Stability Reliability to operate without failure Whether there were any breaks in SARI data submission over time
Data quality (completeness) Completeness and validity of the data Proportion of all SARI records that were useable for surveillance

Comparison of numbers of SARI cases with those identified in the passive
surveillance system13

Variable-level:
Proportion of cases with completed:
Date of onset
Ethnicity, and vaccination status for influenza, COVID-19 (variables with
assigned null values)

Timeliness Whether information is available in
time for effective public health
response

Proportion of all SARI records that were completed in the previous month
Proportion of all SARI records used for surveillance outputs from the previous
month (completed records or draft records with symptoms completed)

Positive predictive value (PPV) Proportion of reported cases that have
the health event of interest

PPV of records in Turas meeting SARI case definition
PPV of SARI records used for surveillance meeting theWHO-SARI case definition
(for the subset of cases that had a date of onset provided)

Representativeness Whether cases accurately reflect
distribution of cases over time, and by
time/place

Assessment of demographic characteristics of SARI cases

Simplicity How simple in structure and ease of
operation

Qualitative work to evaluate the attitudes and perceptions of staff towards the
process of taking part: 9 semi-structured interviews with emergency
departments clinicians, with thematic analysis of the responses using the
framework approach. This work has been reported elsewhere.17

Acceptability Willingness of individuals and
organisations to participate

Flexibility How adaptable to changing operational
conditions

Assessment of timeliness and completeness over time
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that did not meet the case definition, 1204 valid records remained
(Supplementary Fig. 1). Of these, 1155 completed records and eight
draft records with symptoms information (total 1163; 96.6%) were
analysed. Those not analysed were draft records with no symptoms
data available 1063 (91.4%) records were for patients resident in
GGC Health Board, with the rest from other Health Boards in
Scotland. Fig.1 shows that the number of SARI admissions varied by
week, with a peak in week 50 (week ending 19/12/2021).
Demographic characteristics of SARI cases

Overall, 647 (56%) of 1163 SARI cases were female. Themean and
median agewere 69 years and 72 years, respectively (range 16e99).
The highest proportion of SARI cases (42% overall) were aged 75
years and older, followed by 25% in the 45e64 age group, 22% in the
65e74 age group and the remaining 11% in the 16e44 age group.
Consistent with the underlying population demographics of the
NHS Board, the majority (89%) of SARI cases were fromwhite ethnic
groups, with 60 (5%) in Asian, Asian Scottish or Asian British group
ethnic groups and 4% unknown. Fewer than 10 healthcare workers
and pregnant womenwere admitted to hospital for SARI during the
Fig. 1. The number of SARI hospital episodes recorded eac
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study period. This demographic information is summarised in
Table 2.
SARI cases by confirmed pathogen

There were 264 (23%) SARI patients who tested positive for
SARS-CoV-2, 34 (2.9%) tested positive for influenza A (one co-
infection with influenza B), and two influenza A and SARS-CoV-2
coinfections. Fig. 2 shows the weekly number of SARI cases strati-
fied by confirmed pathogen. The proportion of SARI cases with
confirmed SARS-CoV-2 increased between weeks 47 and 52, but
was at a lower level thereafter.
SARI symptoms

The three most frequently reported symptoms among SARI
patients were shortness of breath, reported by 80% (933/1163),
cough reported by 67% (783/1163) and fever, reported by 37% (431/
1163). This distribution was consistent throughout the surveillance
period. The symptoms distribution among all SARI cases is pre-
sented in Supplementary Fig. 2.
h week by age group with overall proxy-SARI trends.



Table 2
Demographic characteristics of SARI cases.

Males
N (% of total in age group)

Females
N (% of total in age group)

Total
N (% of overall total)

Age
16e44 years 60 (46.2) 70 (53.8) 130 (11.2%)
45e64 years 126 (43.9) 161 (56.1) 287 (24.7%)
65e74 years 119 (46.3) 138 (53.7) 257 (22.1%)
75þ years 211 (43.1) 278 (56.9) 489 (42.0%)
Ethnic background
White 451 (43.8) 579 (56.2) 1030 (88.6%)
Asian 33 (55.0) 27 (45.0) 60 (5.2%)
African 3 (100) 0 3 (0.3%)
Mixed or multiple ethnic groups 4 (44.4) 5 (55.6) 9 (0.8%)
Other/not known 25 (41.0) 36 (59.0) 61 (5.2%)
Total 516 647 1163
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ICU/HDU admission and deaths of SARI cases

Of the 1163 SARI cases, 107 (9%) patients required admission to
ICU/HDU, with 93 (87%) admitted to HDU. The median length of
stay in ICU/HDU was 3 days. 35% (37/107) of the SARI patients
admitted to ICU/HDU tested positive for SARS-CoV-2. 83 SARI pa-
tients died in hospital or within 30 days of hospital discharge.
Evaluation

Stability
The SARI surveillance system provided a stable stream of sur-

veillance data, with potential SARI cases identified by clinicians and
research nurses in real-time upon admission. There were no breaks
in SARI data submission during the surveillance period.
Data quality (completeness)
During the surveillance period, the proportion of valid SARI

records available for surveillance increased from 65.4% during the
first month to 87.0% during the final period (Table 3). In the final
analysis dataset, 96.6% of valid SARI records were available.

Although the aim was to identify all SARI cases, this was not
always achieved. It was expected that the number of SARI cases
actively identified for SARI surveillance would be lower than those
identified using the passive proxy SARI surveillance system (known
to over-estimate cases13) (Fig. 1.) However, it is notable that they do
Fig. 2. The number of hospital episodes record
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not closely follow the same trend. The peak between week 50 and
week 01 is discernible, but not the peak in weeks 9e13.

There were 783 SARI cases (67.3%) where a date of symptom
onset was provided. Completeness of ethnicity and vaccination
data was very high (over 93% and over 96%, respectively).

Timeliness
As an indication of timeliness of data collection, the proportion

of SARI records where data collectionwas complete was low during
the first month, but increased to between 50% and 65% during later
periods (Table 3).

Positive predictive value
After removing duplicates, there were 1204 records out of 1550

that met the SARI case definition. This gave a positive predictive
value of 77.7%. It was also possible to determine whether a case
fulfilled theWHO-SARI case definition for the 783 SARI cases with a
date of symptom onset. Of these, 174 did so, giving a positive pre-
dictive value of 22%.

Representativeness
The SARI system was based in a large tertiary teaching hospital

in one Health Board. While the majority of patients (91.4%) were
resident in this one Health Board, there were a minority from
elsewhere in Scotland. There were high proportions of older people
with SARI which are in line with national trends.
ed each week with a pathogen confirmed.



Table 3
Selected indicators of data quality, completeness, and timeliness within periodic data snapshots.

Data collection
period:
(no. of valid
records)

N (%) of valid
records
with complete
data

N (%) of valid
records
in draft

N (%) of draft
records
with symptoms
data

N (%) of valid
records
useable for
surveillancea

% completeness
of ethnicity
variable

Completeness of
COVID-19
vaccination
variable

Completeness
of 'influenza
vaccination
variable

1: 509
21 Nove21 Jan

105 (20.6) 404 (79.4) 228 (56.4) 333 (65.4) 95.3 98.6 97.1

2: 647
22 Jane18 Feb

328 (50.7) 319 (49.3) 217 (68.0) 545 (84.2) 95.5 99.4 98.0

3: 794
19 Febe11 Mar

520 (65.5) 274 (34.5) 188 (68.7) 708 (89.1) 94.6 99.0 97.6

4: 1067
12 Mare15 Apr

675 (63.2) 392 (36.8) 238 (60.7) 913 (85.6) 94.8 98.6 97.5

5: 1262
16 Apre20 May

741 (58.7) 521 (41.2) 358 (68.7) 1099 (87.0) 93.7 98.3 96.2

bFinal dataset: 1204 1155 (95.9) 49 (4.1) 8 (16.3) 1163 (96.6) e e e

a Records useable for surveillance included all records with complete data, and draft records with complete symptoms data completed.
b Final dataset was subject to more stringent quality checks than records analysed during the surveillance period.
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Simplicity, acceptability, and flexibility
Information on these attributes came from qualitative analysis

that has been described in detail elsewhere,17 and also informal
feedback from clinicians. In terms of simplicity, there were some
technological challenges such as ensuring all clinicians could access
the TCAT data collection tool and that all staff were aware of, and
able to use, the pre-defined SARI surveillance order set.

At this time clinicians were still required to complete written
notes, so there was a duplication of effort which may have affected
acceptability. This may also have been compromised by clinicians
not recognising the value of the research, and by specific barriers to
case ascertainment and data collection, particularly relating to
workload.

Sufficient flexibility was not necessarily built into the system to
cope with varying demands. SARI cases were recruited across
multiple clinical areas including the Emergency Department,
Medical Receiving Unit and SATA, all of which periodically experi-
enced high volumes of attendance and long waits for admission.
During these periods, high staff turnover posed further challenges
in terms of raising andmaintaining awareness of the need to recruit
SARI patients.

Discussion

The pilot of this new SARI surveillance system established in the
emergency department and acute receiving units of a large tertiary
teaching hospital provided a stream of data for SARI surveillance in
Scotland during the 2021/2022 respiratory season.

Although there were no breaks in SARI surveillance during the
surveillance period, indicating a degree of stability in the system,
there were challenges during periods of high activity in the wards,
which may have affected timeliness of data collection and entry of
required variables. This is exemplified by the low proportion of
complete records available for surveillance (and high proportion of
draft records) during the first data collection period. SARI cases
recruited during this first 2 months coincided with the emergence
of the Omicron BA.1/2 variant,18 and timeliness improved after a
surge in cases. In general though, symptoms datawere not available
in a timely enough fashion for effective surveillance, and many
records had a 6e8 week time lag before moving from draft to
completed state. Although the final dataset had high levels of
completeness, this reflected a retrospective backfilling of data
collection at the end of the surveillance period rather than actual
availability during the reporting period.

It is not possible to assess the completeness of SARI case
ascertainment over timewithout knowing the definitive number of
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SARI cases. Theremay have been incomplete ascertainment of cases
early in the study (weeks 47 and 48), when clinicians were not yet
fully informed and aware of the study, and also in weeks 9e13
during another peak in cases. This suggests that sufficient flexibility
was not built in to cope with varying demand.

The strengths of our SARI surveillance systemwere the detailed
data collected on each SARI case, and the ability to link to outcomes
data, so that secondary objectives of SARI surveillance could be
addressed. This was enabled by a multidisciplinary collaboration,
having dedicated SARI research nurses located at the hospital site,
guidance provided by the local health board, and governmental
support and funding. Regular active recruitment of SARI patients
was a key feature, in contrast to passive register-based surveillance
where case definitions are more difficult to adhere to, although
passive systems generally require fewer personnel and resources.19

However, completeness and timeliness of data are essential for
meeting the primary objectives of monitoring SARI trends and
fulfilling an early warning function and this was not always ach-
ieved. Active surveillance systems need to be adequately resourced
to enable this.

The resourcing of this SARI systemwas not entirely independent
of routine clinical work and the wider CHARISMA research project,
in that there was only a fixed number of dedicated research nurses
on site, and they were called upon to assist with other clinical and
research work at a time of huge external pressures and competing
priorities. It was therefore not always possible for them to identify
and collect complete data on all SARI patients. The CHARISMA
study also required a much larger dataset of variables than needed
for SARI surveillance. Restricting data collection only to variables
essential for SARI surveillance would expedite data collection as
would automation of data collection and linkage, where possible,
such as vaccination status.

The potential of the system to respond to surges in demand for
surveillance activity was limited, although it was difficult to assess
the effect of this, in terms of numbers of SARI cases that were
missed and the ability to accurately monitor trends. With an in-
crease in the overall burden of disease in Scottish hospitals, and a
22% increase in admissions in 2021/2022 compared to 2020/2021,20

there needs to be more flexibility built into any SARI surveillance
system so that sufficiently timely and complete information can
still be captured even as demands of busy hospital wards increase
during peak activity. Even in China's centralised system, data
collection was incomplete for 7% of SARI cases.9 Given that the
more detailed clinical data (e.g. symptoms data) can often give
clues to the emergence of a new pathogen or variant, and can be
key to the early warning function of a surveillance system, high
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levels of completeness of these variables need to be achieved, with
minimal demands on clinical staff.

It is notable that other SARI surveillance systems that have been
successfully implemented have been very well resourced and
supported, often with dedicated surveillance staff.8,10e12 Although
physicians were responsible for data collection in the sentinel
hospitals in China, they were supported by infection control and
CDC staff.9 The Belgian system required only two sampled SARI
cases from each unit per week,10 although meeting the primary
objectives of WHO surveillance would not be possible with this
strategy. While there is no need to collect detailed surveillance data
on every SARI case, and a sampling strategy reduces strain on
limited resources, any strategy needs to be carefully designed to
still enable monitoring of trends in actual numbers of SARI cases,
which is one of the primary objectives of SARI surveillance.

The Scottish case definition was wider than the WHO-SARI case
definition, which requires the presence of fever and cough within 10
days of onset,6 even though these symptoms may be absent in up to
one third of patients with influenza or COVID-19.21,22 Although fever
and cough were common symptoms in our sample, they were both
present for only 22% of a subset of cases for whom date of onset was
available. This proportionwas even lower than the 53% reported in a
SARI sentinel hospital in Ireland.12Notably, thedominant SARS-CoV-2
variant during the recruitment period was Omicron BA.1/2, and dur-
ing this period COVID-19 cases were less likely to report fever and
cough than during the Delta period.23

Shortness of breath was themost common symptom in our SARI
cases, and this symptom could be considered for future SARI sur-
veillance in Scotland (although clinical judgement would also be
needed as many chronic conditions also present with shortness of
breath). While it is important to alignwith international definitions
to enable global comparisons of disease, case definitions must not
be so specific that sensitivity is undermined and that important
surveillance signals are missed.

Nearly one quarter of the patients had confirmed SARS-CoV-2
infection, but there was low circulation and detection of influenza
at this time. Testing for other pathogens would increase the utility
of the system.

Establishing a real-time SARI surveillance system to collect both
timely and complete data in one hospital was challenging. To
inform public health planning and messaging more effectively at
national level and to ensure that SARI surveillance covers a repre-
sentative population, SARI surveillance would need to be extended
to other sentinel sites in Scotland. The surveillance system was
operational for a relatively short time period during the 2021/2022
respiratory season, so lengthening the time frame for operation and
evaluation would also be important. The challenges experienced
around SARI case identification and data collection, especially
during periods of high activity, highlight the need for flexibility in
any national system. SARI surveillance also relies upon support
from clinicians. Exploring how real-time SARI data could be used to
support patient care, and ways to communicate this effectively to
clinicians, might encourage clinician buy-in and facilitate smoother
integration of SARI surveillance into hospital settings.

Conclusion

We successfully established SARI sentinel surveillance in one
hospital in Scotland. In further scale-up to a national system
encompassing multiple sentinel sites across Scotland, there will
need to be flexibility built into the system to ensure high timeliness
and completeness of the data, even during periods of high activity.
Data collection should be automated where possible, and demands
on clinicians minimised. Embedding and resourcing SARI surveil-
lance as part of a national respiratory strategy would help to
119
achieve this, and to ensure that primary and secondary objectives
of SARI surveillance are met.
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