


Surveillance

3 main features

a) Systematic collection of pertinent data

b) Orderly consolidation & evaluation of data

c) Prompt dissemination of results to those in position to take action

2 types

a) Passive

a) Active
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Infection Prevention 

Infectious Diseases Surveillance in a Hospital 



• SGH is the largest public tertiary hospital in Singapore

• 63 wards

• 2,119 beds 
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Epidemiology

Internal
- Wards
- DEM

- Staff clinic

External
- MOH
- ICA

- Other hospitals

Data sources
- Hard copies

- Scanned PDF files
- Excel sheets

- Hospital data systems

Data transfer
- Physical
- Emails

- Access data systems

MOH

Clinicians

Administration





1st way to access logsheet

• Direct link on infopedia





2nd way to access logsheet
• Direct from SCM 



Login via REDCap



Enter patient data in this page 





Other modifications  

• For entry into cohort room – cleaning etc. 





Surveillance in COVID-19 pandemic

• Acute Respiratory Illness (ARI) surveillance (Syndromic)
– Staff
– Patients 

• Routine MDRO/HAI surveillance (Disease)



• Foster immediate decision making

• Better protect patients and 
healthcare workers

• Track discernable clinical features 
before the diagnosis is confirmed

• Monitor the patients from onset of 
symptoms

• Observe changes in disease activity  
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Syndromic surveillance systems



Staff surveillanceMethods
• We utilized the EHR database to build a 

syndromic SSS using SNOMED 
diagnosis codes of staff who presented 
the emergency department (DEM) and 
the staff clinic (SC) – persons identified 
were deemed at-risk staff 

• All at-risk staff, were then mapped in 
time and location and presented in a 
heat map for visualization

• Baseline data was obtained for 2 weeks, 
and thereafter reviewed daily 
together with a weekly aggregated 
output

• 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

Figure 1. Data sources and workflow of creation of staff surveillance system for ARI clusters
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Staff surveillanceMethods

• S3: a national-wide temperature 
surveillance for outbreak monitoring

• FormSG: At-risk staff were also 
prompted at SC and ED to submit a 
self-administered questionnaire via 
FormSG separate from the S3 fever 
declaration (available at: 
https://form.gov.sg/#!/5e5b6857130b
0100115f3e93) to give further 
granularity to their locations of work

Figure 2. Sample of FormSG questionnaire 

Slide credit: Dr Jean Sim



Results 

• A total of 10 ARI clusters in 7 
departments were 
identified involving radiology, 
ambulatory endoscopy centre, 
outpatient pharmacy, medical social 
services, central operating theatre, 
emergency department and 
physiotherapy. 

• Amongst these staff identified to be 
part of an ARI cluster, 1 staff from the 
ambulatory endoscopy centre was 
identified with rhinovirus infection on 
respiratory virus PCR testing. 

• Of the 13 staff identified to be COVID-
19 positive, 2 of the staff within the 
medical social worker cluster were 
diagnosed with COVID-19 
infection.

Table 3. Heatmap demonstrating percentage change of staff at-risk compared to previous week for departments 
with clusters identified

Slide credit: Dr Jean Sim
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Utilizing the electronic health records to create a syndromic staff
surveillance system during the COVID-19 outbreak
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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
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Containment of COVID-19 cases among healthcare workers: The role
of surveillance, early detection, and outbreak management
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Abstract

Objective: Staff surveillance is crucial during the containment phase of a pandemic to help reduce potential healthcare-associated transmission
and sustain good staff morale. During an outbreak of SARS-COV-2 with community transmission, our institution used an integrated strategy
for early detection and containment of COVID-19 cases among healthcare workers (HCWs).

Methods: Our strategy comprised 3 key components: (1) enforcing reporting of HCWs with acute respiratory illness (ARI) to our institution’s
staff clinic for monitoring; (2) conducting ongoing syndromic surveillance to obtain early warning of potential clusters of COVID-19; and (3)
outbreak investigation and management.

Results: Over a 16-week surveillance period, we detected 14 cases of COVID-19 among HCWs with ARI symptoms. Two of the cases were
linked epidemiologically and thus constituted a COVID-19 cluster with intrahospital HCW–HCW transmission; we also detected 1 family
cluster and 2 clusters among HCWs who shared accommodation. No transmission to HCWs or patients was detected after containment
measures were instituted. Early detectionminimized the number of HCWs requiring quarantine, hence preserving continuity of service during
an ongoing pandemic.

Conclusions: An integrated surveillance strategy, outbreak management, and encouraging individual responsibility were successful in early
detection of clusters of COVID-19 among HCWs. With ongoing local transmission, vigilance must be maintained for intrahospital spread in
nonclinical areas where social mingling of HCWs occurs. Because most individuals with COVID-19 have mild symptoms, addressing
presenteeism is crucial to minimize potential staff and patient exposure.

(Received 29 March 2020; accepted 26 April 2020)

In the coronavirus disease 2019 (COVID-19) pandemic, nosoco-
mial transmission has emerged as a significant concern; almost
one-third of an initial cohort of COVID-19 patients were health-
care workers (HCWs) and hospitalized inpatients.1 Given that
hospitals are often the epicenters of newly circulating infections,
HCWs are at high risk of acquiring infectious diseases.2

Furthermore, HCW contacts can differ substantially from those
of individuals in the community; a study of HCWs reported more
work-related contacts than community-based working adults.3

Thus, HCWs may be at higher risk of acquiring infections due
to the nature of their work.3 Monitoring infective symptoms
among HCWs might be a feasible means of surveillance for

emerging infections2,4; however, surveillance is time-consuming.4

Hospital-based syndromic surveillance can facilitate early
detection of a healthcare-associated outbreak,5 and a surveillance
system for HCWsmust be supported by a comprehensive outbreak
management strategy6,7 to achieve containment.

In Singapore, a globalized Asian city-state, the first imported
case of COVID-19 was reported on January 23, 2020; followed
by the first documented case of local transmission on February
4, 2020.8 Previously, during an outbreak of severe acute respiratory
syndrome (SARS) in Singapore a decade earlier, staff surveillance,
such as mandatory temperature monitoring, was part of our
healthcare system’s containment strategy.4,9 However, at the onset
of the COVID-19 epidemic, we recognized several key differences.
First, unlike SARS, in which fever predominated,10 fever may not
occur in all patients with COVID-19 on initial presentation.11

Thus, syndromic surveillance had to be expanded beyond
temperature monitoring to include respiratory symptoms
as well. Additionally, in SARS, relatively few individuals were
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but were placed on daily active phone surveillance by our IPE
department. If ARI symptoms developed within 14 days from
the date of exposure, individuals on phone surveillance were
instructed to return to the staff clinic for further evaluation and
SARS-CoV-2 testing. Epidemiology investigations that confirmed
2 ormore linked cases of COVID-19 among HCWs with suspected
intrahospital transmission constituted an outbreak, and specific
containment measures were instituted by our hospital disease
outbreak taskforce based on the recommendations of our IPE
department.

Ethics approval

This descriptive study was based on data collected by the hospital’s
IPE department as part of our outbreak management strategy, and
ethics approval was not required under our hospital’s institutional
review board guidelines.

Results

Centralized reporting for ARI among HCWs during the
SARS-CoV-2 outbreak

Over the 16-week study period (January 1, 2020, to April 22, 2020),
a total of 2,250 HCWs presented to the staff clinic or emergency
department of our institution with a diagnosis of ARI. Among
them, 2,090 (92.8%) were examined at the staff clinic. Overall,
1,642 (72.9%) were tested for SARS-CoV-2, and 9 (0.54%) were
positive. Of the 14 confirmed COVID-19 cases among HCWs
on our hospital campus, 9 (64.3%) were detected at our institu-
tion’s staff clinic or ED, due to the emphasis placed on centralized
reporting. Over the same period, 400 cases of COVID-19 were
managed at our institution, and 10,141 cases were reported
nationwide.

Syndromic surveillance and monitoring for potential
clusters among HCWs

Of the 4,411 HCW visits to the staff clinic or ED over the study
period, 2,250 (51.0%) were for ARI symptoms. We observed a
slight increase in the proportion clinic visits for ARI (Fig. 1) after
our local ministry of health upgraded the disease outbreak
response system condition (DORSCON) level from yellow to
orange, signaling the presence of possible ongoing local transmis-
sion in Singapore. Over the study period, heat maps of surveillance
data flagged 4 potential clusters for investigation (ie, ≥3 staff from
the same reporting location presenting with ARI symptoms within
72 hours of each other): 6 nurses in an inpatient ward; 4 staff in the
outpatient retail pharmacy; 12 nurses in the ambulatory endoscopy
center; and 4 surgical staff. None of the HCWs in these clusters
tested positive for SARS-CoV-2.

Case detection and epidemiology investigation

Over the 16-week study period, 14 HCWs across the hospital
campus tested positive for SARS-CoV-2. The demographics of
HCWs diagnosed on our hospital campus with COVID-19, as well
as the numbers of potentially exposed patients and HCWs, are
provided in Table 1. All HCWs confirmed to have COVID-19 were
admitted to an isolation ward while epidemiology investigations
were conducted. Of these 14 cases, 10 (71.4%) were from local
transmission. All presented with upper respiratory tract infection
alone, and most were afebrile. Moreover, 10 of the 14 HCWs
(71.4%) were nonmedical personnel: 2 medical social workers
(MSWs), 1 psychologist, 2 researchers, 1 administrative staff,
and 4 cleaners. No other patients exposed to these 14 cases devel-
oped COVID-19 despite being followed for 2 weeks. In most of
them, patient exposure was limited because they worked in
non–patient-facing roles, and throughout the hospital, surgical
masks were a mandatory minimum in patient-facing areas.

Fig. 1. Surveillance for acute respiratory illness among healthcare workers (HCWs) at an acute- and tertiary-care hospital during a COVID-19 epidemic, prior to the detection
of a cluster of COVID-19 cases among HCWs. (A) Among HCWs, percentage of staff clinic and emergency department visits attributed to acute respiratory illness over
an 11-week period. (B) Heat maps illustrate clustering of HCWs with symptoms of acute respiratory illness, clustered by duration of symptoms and by reporting location
(departments), with a focus on the medical social work department over weeks 10 and 11 of the study period, prior to the detection of a staff cluster among medical social
workers. The disease outbreak response system condition (DORSCON) is a color-coded framework used by our local ministry of health to indicate the severity of the current
outbreak situation and to activate a series of interventions. DORSCON yellow indicates that disease is severe but is occurring outside Singapore, and DORSCON orange
indicates that disease is severe, with ongoing local transmission, but it is currently being contained. Note. UCL, upper limit of confidence; LCL, lower limit of confidence.
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Among the 14 HCWs with COVID-19, 4 clusters were linked
through epidemiology investigations. Of the 4 clusters, most were
likely linked via transmission outside the hospital. One cluster was
a family cluster (1 doctor and 1 researcher), and 2 clusters among
hospital cleaners consisted of HCWs who shared off-site accom-
modation (single room with en suite bathroom) but worked in
different hospital areas and did not mingle while at work. A cluster
of 2 MSWs with COVID-19 and suspected intrahospital spread
was detected at the end of week 11 on March 13, 2020, as part
of epidemiology investigations. The results of syndromic surveil-
lance and heat maps in the period leading up to the detection of
the cluster are shown in Figure 1. The 2 MSWs shared the same
office and did not interact with each other outside of work; hence,
this constituted a COVID-19 cluster with probable HCW-HCW
transmission within the hospital in a non-clinical area.

Outbreak investigation and management

Given the detection of a COVID-19 cluster with probable
HCW–HCW transmission within the hospital, containment
measures were instituted. For case 1, initial epidemiology investi-
gations revealed that a large number ofMSWs had been potentially
exposed, given that the index case had returned to work after medi-
cal leave ended and worked for 5 days prior to returning to the staff
clinic and diagnosis, while still having mild symptoms. Hence, the
decision was made to place all MSWs in our institution on home
isolation (a total of 103 HCWs) for an initial period of 24 hours
while awaiting further investigation. Because this occurred on a
weekend, the disruption to patient care was initially minimal.
Subsequently, activity mapping and exhaustive phone interviews
were conducted with all affected HCWs to identify their potential
exposure and to determine whether any of them were potentially
symptomatic over the preceding 2 weeks. In total, 16 of 103 MSWs
(15.5%) reported that they had had ARI symptoms over the
preceding 2 weeks. However, only 1 of the MSWs had previously

reported to the staff clinic before a case of COVID-19 was
confirmed, and an alternative diagnosis of dengue had been made,
based on serologic testing. As a result, heat maps did not pick up
the presence of a cluster in the medical social services department
(Fig. 1). Of the 16 symptomatic HCWs, 11 (68.8%) had had signifi-
cant unprotected contact with case 1 and were thus at risk. Of the
HCWs working in the same and adjacent cubicle as the index case,
4 of 8 (50%) had ARI symptoms. All symptomatic HCWs were
recalled to the staff clinic or ED for SARS-CoV-2 testing. Of the
16 symptomatic HCWs evaluated, 1 HCW (case 2) tested positive
for SARS-CoV-2; the rest were negative. Case 2 worked in the same
cubicle as case 1 and sat immediately adjacent, <1 m apart (Fig. 2).
They did not socialize outside the work setting. Her onset of
symptoms occurred 4 days after case 1 returned to work. Cases
1 and 2 had ~30 minutes of face-to-face conversation per day in
the office. Surgical masks were not used in the office but were
strictly used for HCW–patient contact. Upon confirmation of
case 2, the MSWs were reinterviewed to establish their contact
history with case 2; however, because case 2 had presented to
the staff clinic at the time of symptom onset, additional contacts
were minimal. In total, 49 staff were placed on quarantine (home
isolation) based on significant unprotected contact with the 2 cases,
constituting 49 of 103 total staff (47.5%) of the medical social ser-
vices department. No additional cases of COVID-19 were detected
among the MSWs in 28 days of follow-up of all exposed staff.

Discussion

The major finding of this study was that containment of
SARS-CoV-2 among HCWs is feasible if vigilance is maintained
through ongoing surveillance, and mitigating measures are
triggered early upon the detection of a potential cluster. During
an ongoing outbreak of SARS-CoV-2, our institution successfully
detected and contained a cluster of COVID-19 cases among
HCWs, preventing transmission to other HCWs and from

Fig. 2. Distribution of healthcare workers (HCWs) with significant contact history, symptomatic HCWs, and office layout, during detection of a cluster of COVID-19 cases among
HCWs. (A) Main medical social services office layout. (B) Series of single-room offices used by senior medical social workers located on the same floor. (C) Off-site medical social
services office located in another office tower. (D) Typical layout in main medical social services office at the time of the outbreak. †A total of 49 staff were placed on quarantine
(home isolation) based on significant unprotected contact with the 2 cases. Of these 49 staff, 10 had significant unprotected contact with both case 1 and case 2; 23 staff had
significant unprotected contact with case 1 only; and 1 had significant unprotected contact with case 2 only. An additional 15 staff did not report significant unprotected contact,
but because they shared an enclosed office space with case 1 (dotted line), they were deemed to be at higher risk of exposure and were also placed under quarantine.
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Limitations

• The need for presentation of staff to our institutional health services such as 
SC and DEM, those who report sick outside of institution were not captured 
by this surveillance system. 

• Asymptomatic infection will not be picked up 
• Lack of other respiratory virus testing in view of cost limitations limit the 

validation 
• 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, the 
percentage of HCW presenting with such symptoms were low and this will 
be revised moving forth.

Slide credit: Dr Jean Sim

Staff surveillance - Limitations





Patient surveillance  
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Syndromic based on ARI symptoms and fever



Warnings & Alerts

• Formula:

– EDC = The expected daily cases 
– ODC = The number of observed (reported) daily cases 

• A threshold for the expected daily cases to detect the warning = 
EDCst + SDt

• A threshold for the expected daily cases to detect the     alert = 
EDCst + 2* SDt

Ward level and hospital wide
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Patient surveillance 
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Hospital Wide
9 Alerts Generated

22-Apr-2020

3-May-2020

20-May-2020

23-Jun-2020

1-Jul-2020

16-Jul-2020

30-Jul-2020

2-Aug-2020

19-Aug-2020
Slide credit: Dr Jennifer Wong Tzu-Jung

Patients admitted from 8 Apr – 26 Aug
(20 weeks)

Patient surveillance 



Results – Alerted Wards
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COVID-19 22-Apr-20
(n=143)

3-May-20
(n=146)

20-May-20
(n=124)

23-Jun-20
(n=23)

1-Jul-20
(n=22)

16-Jul-20
(n=25)

30-Jul-20
(n=13)

2-Aug-20
(n=7)

19-Aug-20
(n=8)

Number of 
wards with alert 12 6 5 8 11 10 5 10 7

Total number of 
cases from 
Alerted Wards

381 193 101 209 383 254 250 301 298

Total number of 
COVID-19 cases 
from Alerted 
Wards

94 33 0 0 1 22 1 0 0

Slide credit: Dr Jennifer Wong Tzu-Jung
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3D Geosentinel mapping of disease outbreak surveillance

Project by AxoMem & SingHealth





• Dependent on nursing input of symptoms

• Will not be able to detect asymptomatic cases

• Validation has to await end of pandemic due to enhanced clinical workflows 
and HCW vigilance and testing
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CP-CRE acquisition rate (per 1000 patient-days, ICU patients)

MDROs
MRSA acquisition rate (per 1000 admissions)

Wee LE et al. Unintended consequences of infection prevention measures during COVID-19 pandemic. Manuscript under review.
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MOH Singapore Daily Report, 27 Jan 2021

Data updated as at 27 Jan 2021, 1200 hrs 
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Figure 1.2: Epidemic Curve of the COVID-19 Outbreak by Press Release Date 

 
 

Figure 1.3: Epidemic Split Curve of the COVID-19 Outbreak by Press Release Date 
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1st COVID-19 patient in SGH: 23 Jan 2020






