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Objectives: Since December 2019, COVID-19 has caused a worldwide pandemic and Singapore has seen esca-
lating cases with community spread. Aggressive contact tracing and identification of suspects has helped to
identify local community clusters, surveillance being the key to early intervention. Healthcare workers
(HCWs) have contracted COVID-19 infection both at the workplace and community. We aimed to create a
prototype staff surveillance system for the detection of acute respiratory infection (ARI) clusters amongst our
HCWs and describe its effectiveness.
Methods: A prototypical surveillance system was built on existing electronic health record infrastructure.
Results: Over a 10-week period, we investigated 10 ARI clusters amongst 7 departments. One of the ARI clus-
ters was later determined to be related to COVID-19 infection. We demonstrate the feasibility of syndromic
surveillance to detect ARI clusters during the COVID-19 outbreak.
Conclusion: The use of syndromic surveillance to detect ARI clusters amongst HCWs in the COVID-19 pan-
demic may enable early case detection and prevent onward transmission. It could be an important tool in
infection prevention within healthcare institutions.
© 2020 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All

rights reserved.
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Late in December 2019, reports of an unknown respiratory virus
arose from a seafood market in Wuhan, China. Since then, SARS-
CoV-2, the causative agent of COVID-19 has sparked a global pan-
demic.1 Healthcare workers (HCWs) in Singapore have not been
exempt from infection, with exposure arising from the community
and the work place.2,3 There have been various methods described
for the surveillance of our HCW groups including regular intermit-
tent PCR testing vs active symptom monitoring.4 Within local insti-
tutions, use of real time location tracking devices and institutional
temperature recording systems have been utilized as a method of
identifying at risk individuals.5,6 Surveillance is one of the key pil-
lars of infection prevention, enabling early detection and institu-
tion of downstream practices that allow reduction in pathogen
spread and containment of infection. Syndromic surveillance may

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajic.2020.11.003&domain=pdf
mailto:jean.sim.x.y@singhealth.com.sg
https://doi.org/10.1016/j.ajic.2020.11.003
https://doi.org/10.1016/j.ajic.2020.11.003
http://www.ScienceDirect.com
http://www.ajicjournal.org


686 J.X.Y. Sim et al. / American Journal of Infection Control 49 (2021) 685−689
allow for an even earlier mobilization of response before the causa-
tive pathogen is identified and enhance disease containment.
Increasingly so, institutions are moving away from traditional
laborious methods of healthcare surveillance. Utilizing the elec-
tronic health records (EHRs), we have created a prototypic surveil-
lance system in the detection of acute respiratory infection (ARI)
clusters amongst staff and aim to describe its effectiveness in this
study.

METHODS

Our institution is a tertiary hospital in Singapore with approxi-
mately 1700 patient beds and employs around 12,000 staff. We
implemented the staff surveillance system prototype on February
23, 2020 and analyzed data for the first 10-week period till May 2,
2020.

The aim of this descriptive analytic study is to describe the effec-
tiveness of a prototypic staff syndromic surveillance system in identi-
fying ARI clusters amongst the staff population in the hospital.

Identification of at-risk staff and ARI clusters

The main outlets for staff to report sick at our institution are the
Department of Emergency Medicine (DEM) and the Staff Clinic (SC).
Laboratory tests were ordered by physicians in DEM or SC at their
discretion. We combined data from the EHR and human resource
data sources to build the syndromic staff surveillance system. Using
the EHR we identified staff at risk of an ARI using the SNOMED diag-
nosis codes present on clinical documents. The SNOMED codes
included were, “upper respiratory tract infection,” “lower respiratory
tract infection,” “bronchitis,” “pneumonia,” “tonsillitis,” and “phar-
yngitis.” Given the concerns for an atypical presentation of COVID-
19 infection7 at a time when disease had not been sufficiently char-
acterized, “undifferentiated fever” and “gastroenteritis” was also
included in the analysis. Human resource databases were utilized to
obtain the department of at-risk staff mapped by their associated
cost centers.

The laboratory database contains respiratory virus multiplex
panel that tests for rhinovirus, adenovirus, parainfluenza subtypes 1,
2, 3, and 4, influenza subtypes A and B, human coronavirus subtypes
229E, NL63, and OC43, metapneumovirus, respiratory syncytial virus
subtypes A and B, PCR swabs and COVID-19 PCR swabs. The system is
Fig 1. Data sources and workflow of creation o
able to differentiate inpatient from outpatient orders based on
accounting codes.

The institution uses a nation-wide temperature surveillance for
outbreak monitoring called S3. This requires all employed staff to
input their temperatures within the system twice daily. The S3 sys-
tem is accessible via the hospital’s intranet and to enable easy access,
an internet-based form via the FormSG platform was created.6 Staff
with temperatures of more than 37.5°C were deemed as at-risk indi-
viduals for purposes of this surveillance system.

As staff interaction is not limited to persons within their own
department, in order to group them according to their risk associa-
tion, these at-risk staff presenting to DEM or SC were prompted to
submit a self-administered questionnaire via FormSG separate from
the S3 fever declaration system (available at: https://form.gov.sg/
#!/5e5b6857130b0100115f3e93). To improve uptake of this ques-
tionnaire, it was made accessible through the above link as well as a
QR code that was displayed prominently in SC and DEM. The fields
collected included date of symptom onset, type of symptoms,
whether their work involved direct patient contact or exposure to a
clinical area in the 2 weeks prior to symptom onset, travel history 2
weeks prior to symptom onset, close contact with other HCWs
within the institutional campus who had been unwell and close con-
tact with any other persons outside the institution who had been
unwell. This provided further granularity to their work locations
prior to onset of symptoms as well as work and social contact with
persons known to be ill. A network analysis is then applied to infor-
mation from the FormSG to obtain the general distribution of staff
with specific symptoms, and their social circles. This network analy-
sis might be able to identify super-spreaders, in particular allied and
ancillary health workers and physicians who may not provide loca-
tion-centric care.

For the duration of the study, all at-risk staff, were mapped in time
and location by their various departments and locations. The data
was aggregated and presented in a heat map for further visualization.
Baseline data was obtained for the first 2 weeks, following which
data was reviewed on a daily basis (Monday to Friday) and a twice
weekly aggregated output was used to set alert thresholds for the
emergence of any clusters. A cluster was defined as a signal of >50%
the previous baseline or an upward trend for 2 weeks of aggregated
results of >1 standard deviation. The workflow is summarized in
Figure 1. The longest lag time between detection of a threshold of a
defined cluster till study team detection was 3 days.
f staff surveillance system for ARI clusters.
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Table 1
Unique staff records identified during the 10-week study period

Description No. of unique staff records (%)

Staff reporting to SC for ARI/Undifferentiated Fever/GE 4341 (49.2%)
Undifferentiated Fever ARI GE
278 (3.1%) 3981 (45.2%) 82 (0.9%)

Staff reporting to DEM for ARI/Undifferentiated Fever/GE 371 (4.2%)
Undifferentiated Fever ARI GE
38 (0.4%) 314 (3.6%) 19 (0.2%)

Staff self-reporting temperature >37.5°C 4102 (46.5%)
Total Swabs performed for SARS CoV2 1646 (18.6%)

Detected 13 (0.1%) Not Detected 1633 (18.5%)
Total Unique Staff at-risk Records 8814
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Investigation of ARI clusters

Upon identification of a cluster, the departmental heads of those
clusters were contacted for further information such as rostered loca-
tion of work, communal eating areas and other symptomatic staff.
Staff who were symptomatic at the time of review and who had not
been assessed at the SC or DEM were advised to go to SC where they
were seen and swabbed for SARS-CoV-2. The results of these swabs
were tracked by the epidemiology team.

RESULTS

During this 10-week period, a total of 8,814 unique at-risk staff
records were identified, 4,712 (53.4%) staff with at-risk symptoms
who presented to DEM or SC and 4,102 staff with fever as self-
recorded in the S3 system. Of those with at-risk symptoms, 4,341
(49.2%) presented to SC and 371 (4.2%) to DEM. Amongst SC presenta-
tions, 2,981 (45.2%) had ARI illnesses, 278 (3.1%) undifferentiated
fever and 82 (0.9%) gastroenteritis. Of the staff presenting to DEM,
314 (3.4%) had ARI illnesses, 38 (0.4%) undifferentiated fever, and 19
(0.2%) gastroenteritis. One thousand six hundred fourty-six of 8,814
(18.6%) staff were swabbed for SARS-CoV2 PCR, of whom 13 (0.8%)
were positive (Table 1).

The uptake of self-administered questionnaire via FormSG at SC
and DEMwas 2,789 (31.6%). Of these, 1,660 (18.8%) had direct patient
contact or worked in a clinical area. The majority of the patient con-
tact occurred in inpatient wards for 1,019 (11.6%) of responses, the
other clinical areas involved included outpatient clinics (n = 375,
4.3%), OT/endoscopy suite/ambulatory surgery (n = 188, 2.1%) and
radiology (interventional and diagnostic; n = 78, 0.9%). For those who
worked in nonclinical areas (n = 1129, 12.8%), 395 (4.5%) worked in
administration, 216 (2.5%) in laboratory services, 85 (1.0%) in sterile
supplies unit, 78 (0.9%) in both transportation and food services, 74
(0.8%) in facilities management and engineering, 72 (0.8%) in
Table 2
Distribution of staff location via FormSG

Distribution of st

Total number of FormSG resp

Clinical Number of staff (%)

Inpatient wards 1019 (11.6%)
Outpatient clinics 375 (4.3%)
OT/endoscopy suite/ambulatory surgery 188 (2.1%)
Radiology (interventional and diagnostic) 78 (0.9%)

Total 1660 (19.5%)
environmental services, 67 (0.8%) in security, and 64 (0.7%) in laundry
services (Table 2). For the network analysis, no outliers were reported
because of the restrictions placed to minimize cross-covering of
duties.

A total of 10 ARI clusters in 7 departments were identified
amongst staff and later investigated. These involved the following
departments in the hospital: radiology, ambulatory endoscopy cen-
tre, outpatient pharmacy, medical social services, central operating
theatre, emergency department, and physiotherapy. Amongst these
identified departments, 624 (7.1%) staff attended SC or DEM, 305
were swabbed for SARS-CoV-2, of whom 13 were positive and 292
(3.3%) were negative. One staff from the ambulatory endoscopy cen-
tre was identified with rhinovirus infection on respiratory virus PCR
testing (Fig 2a and b).

Of the 13 staff with COVID-19, 2 were within the medical social
worker cluster. The first patient presented on 14th of March 2020,
and the large contact tracing and case finding exercise that followed,
lead to a surge in staff from this department presenting to SC. This
was picked up by the newly initiated surveillance system as a poten-
tial cluster. Further investigation of the cluster, also revealed a work-
place transmission of COVID-19 to a colleague within the same
department.2 The remaining 11 COVID-19 positive staff were attrib-
uted to community acquisition. Four of the 13 cases were identified
through mass screening of asymptomatic staff as part an essential
worker screening exercise. They were not identified by the staff sur-
veillance system as they did not present to DEM or SC but were iden-
tified after laboratory confirmation of COVID-19.

DISCUSSION

The concept of innovative electronic surveillance systems is not
novel, clinicians and administrators have long wished to improve
upon more traditional methods of gathering and analyzing data.
The push in our institution to a fully electronic system has allowed
aff location

onses, n = 2789 (31.6%)

Nonclinical Number of staff (%)

Administration 395 (4.5%)
Laboratory services 216 (2.5%)
Sterile supplies unit 85 (1.0%)
Transportation 78 (0.9%)
Food services 78 (0.9%)
Facilities management and engineering 74 (0.8%)
Environmental services 72 (0.8%)
Security 67 (0.8%)
Laundry 64 (0.7%)
Total 1129 (12.8%)



Fig 2. (a) Heatmap demonstrating identified at-risk staff on a weekly aggregated basis for departments with clusters identified. (b) Heatmap demonstrating percentage change of
staff at-risk compared to previous week for departments with clusters identified.
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an EHR driven ARI cluster surveillance system to develop. These
have been utilized within emergency departments and hospitals to
act as early warning systems ahead of traditional laboratory sur-
veillance to help reduce the time lag between detection and diag-
nosis.8 Others have evaluated the feasibility of syndromic
surveillance in detecting lower respiratory tract infections and
were able to demonstrate detection of Legionnaires' disease clus-
ters in a timely fashion.9 Given the time pressure to create a staff
surveillance system during the COVID-19 outbreak, our system
draws from the existing infrastructure of the EHR and building
upon various existing data sources. As this staff surveillance system
was created early in the COVID-19 pandemic when we did not have
baseline data to set thresholds, we set arbitrary thresholds based
on the prior week results. Whilst we managed to demonstrate fea-
sibility, the thresholds will be revised based on cumulative data in
the next phase of this study.
This initial feasibility study shows that the use of a syndromic sur-
veillance system has the ability to identify ARI clusters amongst staff
populations that would initiate downstream investigation and active
screening. The ARI cluster surveillance system managed to identify
an ARI cluster in the medical social worker group. Active contact trac-
ing efforts within the department after the detection of a positive
case resulted in heightened alertness of staff towards mild symptoms
that may have otherwise gone unnoticed and resulted in increased
testing and an increase in attendances to SC and DEM by the MSW
cohort. This was subsequently picked up on our staff surveillance sys-
tem. It is important to emphasize that having a robust staff surveil-
lance system, does not eliminate the need for good infection
prevention practices, active/passive screening and a thriving staff cul-
ture aimed at safety and quality.

The staff surveillance system requires the presentation of
staff to our institutional health services such as SC and DEM,
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those who report sick outside of institution were not captured
by this surveillance system. During the COVID-19 pandemic,
our institution mandated that all staff presented to the institu-
tion SC or DEM to report sick, only ancillary staff who are not
under direct employ were exempt from this rule. As they were
a specialized group of staff, specialized measures were under-
taken including mass screening. This mandate coupled with
strong action taken against presenteeism and data access pro-
vided by management aided in the robustness of the system
resulting in a near complete data capture. This situation how-
ever is unique to the COVID-19 pandemic and new thresholds
will need to be established as the institutional policies change
according to the state of the ongoing pandemic. Asymptomatic
infections will also not be picked up by this staff syndromic
surveillance system.

Although a large proportion of staff were found to work in inpa-
tient locations based on the FormSG survey, no ARI clusters were
found in staff in inpatient locations. This may be in part attributed to
infection prevention measures that were instituted including univer-
sal masking for staff as well as use of appropriate PPE and timely
patient isolation in inpatient locations. Whilst not performed for staff,
we also managed to demonstrate a reduction in health-care associated
respiratory viral infections during a similar period in the COVID-19
pandemic.10 This may have further reduced the risk of transmission of
ARI illnesses from patients to staff and indirectly result in a reduction
in ARI clusters amongst staff in inpatient locations.

In one of the investigated clusters, a staff was found to be positive
for rhinovirus suggesting a possible etiology for the ARI cluster other
than COVID-19. However, cost concerns resulted in lack of wide-
spread testing for other respiratory pathogens, thus limiting the dis-
covery of other respiratory viral clusters other than COVID-19.
Furthermore, respiratory virus testing resulting in identification of
another pathogen may in part help to relieve the on-ground anxiety
of staff.

Due to initial studies suggesting that a gastroenteritis illness may
be an atypical presentation of COVID-19, to increase data capture this
was included as an at-risk presentation. Based on our institutional
data, and available current literature, such symptoms are low in
COVID-19 and this will be revised moving forth. Future directions to
create a more robust surveillance system within the institution
include creating a patient syndromic surveillance system, meshing
output from both systems and incorporating geospatial mapping to
allow for better visualization of ARI clusters. Further review of
thresholds with the current collected data is also planned for the
next phases of the staff surveillance system.
CONCLUSION

Our study demonstrates the feasibility in utilizing the EHR in the
detection of ARI clusters amongst hospital staff. This will aid in the
early detection of ARIs including COVID-19. Hence, the staff syn-
dromic surveillance system is an important component of the hospi-
tal’s infection prevention efforts to prevent healthcare associated
COVID-19.
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