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Abstract Background: During the ongoing COVID-19 pandemic, healthcare-associated trans-
mission of respiratory viral infections (RVI) is a concern. To reduce the impact of SARS-CoV-2
and other respiratory viruses on patients and healthcare workers (HCWs) we devised and eval-
uated a multi-tiered infection control strategy with the goal of preventing nosocomial trans-
mission of SARS-CoV2 and other RVIs across a large healthcare campus.
Methods: From JanuaryeJune 2020, a multi-tiered infection control strategy was implemented
across a healthcare campus in Singapore, comprising the largest acute tertiary hospital as well
as four other subspecialty centres, with more than 10,000 HCWs. Drawing on our institution’s
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experience with an outbreak of Severe Acute Respiratory Syndrome (SARS) in 2003, this strat-
egy included improved patient segregation and distancing, and heightened infection preven-
tion and control (IPC) measures including universal masking. All symptomatic patients were
tested for COVID-19 and common RVIs.
Results: A total of 16,162 admissions campus-wide were screened; 7.1% (1155/16,162) tested
positive for COVID-19. Less than 5% of COVID-19 cases (39/1155) were initially detected outside
of isolation wards in multi-bedded cohorted wards. Improved distancing and enhanced IPC
measures successfully mitigated onward spread even amongst COVID-19 cases detected
outside of isolation. COVID-19 rates amongst HCWs were kept low (0.13%, 17/13,066) and re-
flected community acquisition rather than nosocomial spread. Rates of healthcare-associated-
RVI amongst inpatients fell to zero and this decrease was sustained even after the lifting of
visitor restrictions.
Conclusion: This multi-tiered infection control strategies can be implemented at-scale to suc-
cessfully mitigate healthcare-associated transmission of respiratory viral pathogens.
ª 2020 Australasian College for Infection Prevention and Control. Published by Elsevier B.V. All
rights reserved.

Highlights

� A multi-tiered infection control strategy contained both COVID-19 and common respiratory
viruses in a large healthcare system.

� Despite caring for >1500 COVID-19 cases, no patient-staff transmission occurred.
� Rates of healthcare-associated respiratory viral infections fell to zero over a six-month
period.

� Key components of the strategy included improved patient segregation and distancing, and
universal masking.
Introduction

In the current COVID-19 pandemic, healthcare-associated
transmission to healthcare workers (HCWs) and patients has
been a major concern [1,2]. However, distinguishing cases
of COVID-19 can be difficult, as COVID-19 may manifest
with non-specific symptoms [3]. During previous outbreaks
caused by novel pathogens, various containment strategies
were utilised, such as creating “fever wards” to isolate
patients with febrile pneumonia [4]. However, transmission
in pre-symptomatic or asymptomatic individuals makes
containment of COVID-19 challenging [5]. As SARS-CoV-2
may be more transmissible than known respiratory vi-
ruses, current infection prevention and control (IPC) mea-
sures against respiratory-viral-infections (RVIs) must be
strengthened [6]. Given the frequency of inter-institutional
movement of patients and HCWs, coordinated containment
strategies are necessary [7].

In Singapore, a Southeast Asian city-state, by end-
February 2020, the majority of COVID-19 cases were
attributed to local community transmission [8]. A subse-
quent surge attributed to outbreaks in foreign worker dor-
mitories began from April 2020 onwards, with more than
50,000 cases reported nationwide by July 2020 [9].
Containment strategies for COVID-19 have been imple-
mented in acute hospitals [10e12]. However, on the largest
healthcare campus in Singapore, a coordinated multi-tiered
infection control strategy was necessary, given the pres-
ence of a large acute tertiary hospital, multiple large spe-
cialised centres, and a community hospital providing step-
down care; with frequent inter-institution movements of
staff and patients. We aimed to evaluate the effectiveness
of this multi-tiered infection control strategy in preventing
nosocomial transmission of SARS-CoV2 and secondarily, in
the transmission of other RVIs across a large healthcare
campus.

Methods

Institutional setting and study period

The Outram campus hosts the Singapore General Hospital
(SGH), the largest tertiary hospital in Singapore with 1785
beds, Outram Community Hospital (OCH), a 545-bed com-
munity hospital providing step-down care, and other
specialist centres, including the National Heart Centre,
Singapore (NHCS), National Cancer Centre, Singapore
(NCC), Singapore National Eye Centre (SNEC), and the Na-
tional Neuroscience Institute (NNI). Almost 13,000 HCWs
work on-campus. The study period lasted 6 months (7th
January 2020 to 7th July 2020).

Campus-wide multi-tiered infection control
strategy during COVID-19 pandemic

A multi-tiered approach was adopted campus-wide to
contain COVID-19 amongst HCWs and patients. Recognising
the need for a campus-level coordinating platform for
emergency preparedness in pre-pandemic planning, since
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2007, the Outram Campus Command Centre (OCC) was
designated the nerve centre for overall campus-wide com-
mand-and-control during adisease outbreak situation. As the
primary command-and-control centre, the OCC provided
instructions and protocols to all identified key hospital
command posts for ground implementation and served as the
contact-point for external parties (eg. our local Ministry of
Health). TheDiseaseOutbreak Taskforce (DOTF) oversaw the
OCC, and the SGH Preparedness and Response Department
(PRD) acted as Secretariat to the OCC.

During the COVID-19 pandemic, the DOTF was activated
upon detection of the first imported case of COVID-19 in
Singapore on the 23rd January 2020 [8]. The DOTF met daily
to coordinate the campus-wide pandemic response. The
OCC provided a platform for communication and imple-
mentation of the multi-tiered infection control strategy,
which was devised with specialist input from the DOTF, in
particular the Disease Outbreak Response Team (DORT),
drawing on our institution’s experience with an outbreak of
Severe Acute Respiratory Syndrome (SARS) in 2003 [4]. An
overview of the organisation of the OCC and DOTF is pro-
vided in Supplementary Fig. 1. Each specialist centre had
its own IPC lead responsible for implementing the multi-
tiered infection control strategy in its own institutional
context, with the support of the DOTF and DORT. The first
tier involved campus-wide perimeter screening and visitor
management, while the second tier involved improved
segregation for suspect COVID-19 cases in the hospital
emergency department (ED). Enhanced inpatient segrega-
tion formed the third tier, and the fourth tier included
enhanced campus-wide IPC measures. All four tiers of our
containment strategy were implemented by the beginning
of February 2020.

Campus-wide perimeter screening and visitor
management during COVID-19 pandemic

Screening counters were set up at campus entrances to
screen all staff, visitors and patients entering both inpa-
tient and outpatient areas (Supplementary Fig. 2a). All
patients and visitors declared symptoms, travel history,
contact history and underwent temperature screening.
Febrile staff would be directed to SGH Staff Clinic and
febrile patients/visitors would be prevented from entering.
Waiting areas were also modified for improved safe
distancing (Supplementary Fig. 2a), and all visitors were
required to wear a face covering. From 7th April 2020 e 1st
June 2020, a no-visitor policy was enforced, in-line with the
nationwide public lockdown during which all workplaces
and schools were closed. The no-visitor policy was lifted
from 2nd June 2020 onwards, in conjunction with the lifting
of the nationwide lockdown.

Emergency department: improved segregation
during COVID-19 pandemic

Our ED’s protocols for the safe management of COVID-19
suspects have been previously published elsewhere [13e15].
We evaluated the success of these protocols in the right-siting
ofCOVID-19patients. Inbrief,patientswithepidemiologic risk
factors and patients presenting with clinical syndromes
potentially compatible for COVID-19,were strictly segregated
in dedicated ‘fever areas’ (Supplementary Fig. 2b). In these
‘fever areas’, improved spacing between ED trolleys (at least
2 m apart) and patient bays separated by partitions were
introduced, and HCWs used full personal-protective-
equipment (PPE), including disposable gloves, gowns, eye
protection, and N95 respirators.

Inpatient wards: improved segregation during
COVID-19 pandemic

Pre-pandemic, patients were nursed in open-plan cohorted
general wards. A risk-stratified approach was adopted for
the right-siting and screening of all inpatient admissions
(Supplementary Fig. 2c). High-risk patients who met the
criteria for suspected COVID-19 based on suspicious
epidemiology, eg. staying in communal settings, high-risk
occupations, contact with known COVID-19 clusters or
cases, or travel history to areas with high incidence of
COVID-19 were admitted to the purpose-built isolation ward
(IW) which was equipped with negative-pressure airborne-
infection-isolation-rooms (AIIRs) [11]. All HCWs in IW used
disposable gloves, gowns, eye protection, and N95 respi-
rators for protection.

From February 2020, given ongoing community trans-
mission, lower-risk individuals with clinical syndromes
compatible with COVID-19 (eg. respiratory symptoms, in-
filtrates on chest imaging, or undifferentiated viral fever)
who did not have epidemiologic risk factors were segregated
in dedicated general wards, termed as “respiratory surveil-
lance wards” (RSWs) [11,13]. Improved segregation for
symptomatic inpatients was hence adopted campus-wide,
for general medical and surgical patients in the acute ter-
tiary hospital as well as inpatients of the various specialised
centres on campus (cardiology, neurology, and oncology
patients). The detailed implementation and specialty-
specific protocols have been published elsewhere
[11,16e19]. In brief, in these converted RSWs, infra-
structural enhancements were implemented (half-height
partitions between beds and reduced number of beds per
cubicle), and HCWs used disposable gloves, gowns, eye pro-
tection, and N95 respirators until COVID-19 was excluded
[11,13]. If patients awaiting the results of COVID-19 testing
required within-campus movement for clinical care (eg. ur-
gent procedures and imaging, step-down or step-up of care),
transfers proceeded with HCWs using disposable gloves,
gowns, eye protection, and N95 respirators. Finally, all pa-
tients stepped-down to the community hospital were tested
for COVID-19 prior to transfer, regardless of symptoms. As all
community hospital admissions had to test negative for
COVID-19 pre-transfer and the community hospital did not
take direct admissions from the community, the community
hospital did not have dedicated RSWs. However, isolation
rooms and COVID-19 testing were available should patients
develop new respiratory symptoms.

Enhanced campus-wide IPC measures during
COVID-19 pandemic

From February 2020 onwards, a universal masking policy
was introduced, mandating that HCWs wear surgical masks
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in all clinical areas as a mandatory minimum [20]. Addi-
tionally, all aerosol-generating-procedures (AGPs) in clin-
ical areas were performed using disposable gloves, gowns,
eye protection, and N95 respirators, regardless of patients’
COVID-19 status. Prior to the pandemic, AGPs were per-
formed using surgical masks, disposable gloves and apron as
the mandatory minimum, with N95 respirators used for
patients isolated under airborne precautions. Safe
distancing measures were introduced campus-wide [21]. A
centralised campus-wide staff surveillance strategy was
adopted, with temperature monitoring twice-daily in an
electronic surveillance system. HCWs with fever or symp-
toms of acute respiratory illness (ARI) were required to
report to the Staff Clinic for COVID-19 testing, and were
placed on mandatory 5-day medical leave [10]. Our insti-
tution encourages all HCWs to receive yearly influenza
vaccination at the Staff Clinic; this was also reinforced
during the pandemic. As part of general IPC measures, pre-
pandemic all patient areas were disinfected with 1:1000
hypochlorite-based solution at least twice a day; during the
pandemic, disinfection frequency was stepped up to thrice
a day. Cleaners in high-risk areas, such as the IW and ‘fever
areas’ in the ED, were required to wear disposable gloves,
gowns, eye protection, and N95 respirators. Additionally,
hand hygiene compliance with the World Health Organisa-
tion (WHO) “Your 5 Moments for Hand Hygiene” was re-
emphasised during the COVID-19 pandemic and alcohol
handrub/wipes were provided in all clinical areas.

Evaluation of effectiveness of campus-wide
containment strategy in preventing
healthcare-associated transmission of
respiratory viral infections

Prevention of healthcare-associated transmission of SARS-
CoV-2 was the primary outcome assessed. When cases of
COVID-19 were detected amongst HCWs, or in patients
housed outside of IW, contact tracing was done within 24-h
to identify close-contacts [10e12]. All patient and HCW
close-contacts were tested if symptoms developed within
14-days post-exposure. Epidemiological investigations were
conducted to determine if cases arose from nosocomial
transmission (patient-to-patient, patient-to-HCW, or HCW-
HCW). As a secondary outcome, we also evaluated the
impact of the multi-tiered infection control strategy on the
transmission of other RVIs amongst hospitalised inpatients.
All patients with respiratory symptoms were tested for both
COVID-19 as well as a panel of 16 common RVI via multiplex
PCR [24]. PCR-positive cases of RVI were categorized as
healthcare-associated if the respiratory virus was identified
beyond the maximum incubation period from the time of
admission [20]. Comparisons of RVI rates pre-pandemic and
during the pandemic were made using the incidence-rate-
ratio method, with the null hypothesis being that the pro-
portion of RVIs would be proportional to the number of at-
risk inpatient days for each period. A p-value of �0.05 was
considered significant.

The objective of improved segregation was to ensure
that all COVID-19 cases were managed in areas with
heightened infection prevention precautions (ED ‘fever
areas’, IW, RSW). To estimate the relative success of
improved segregation, descriptive statistics were computed
for the number of COVID-19 tests done campus-wide, and at
which tier positive cases were detected-at perimeter
screening, ED, IW, RSW, or general ward. The goal of
enhanced campus-wide IPC measures was to prevent
nosocomial transmission of SARS-CoV-2 in cases of COVID-19
detected in the general ward setting. We assessed, through
epidemiological investigations, the possibility of onward
transmission to patients and HCWs when cases of COVID-19
were encountered outside of isolation. Finally, to assess
compliance with enhanced campus-wide IPC measures, we
compared the following measures, pre-pandemic and dur-
ing the pandemic period: campus-wide uptake of influenza
vaccination and report-sick rates for acute respiratory
illness at Staff Clinic; campus-wide consumption of alcohol
handrub and cleaning wipes; and results of campus-wide
regular environmental cleaning audit using fluorescent
markers (Glogerm) and hand-hygiene audit.
Results

Over a 6-month period during the COVID-19 pandemic,
nosocomial transmission of SARS-CoV-2 was limited across a
large healthcare campus, despite managing a significant
volume of COVID-19 cases. A total of 1525 cases of COVID-
19 were managed on-campus; of which the majority (75.7%,
1155/1525) were undiagnosed at the time of presentation.
Over the study period, an average of 130 patients-a-day
were tested for COVID-19, with a peak of more than 200
patients in April 2020, corresponding to the nationwide
surge in cases (Fig. 1a). A total of 16,162 patient admissions
campus-wide were screened for COVID-19, with a positive
rate of 7.2% (1155/16,162) (Fig. 1b). Epidemiological in-
vestigations revealed only one potential case of healthcare-
associated transmission of SARS-CoV-2 between patients,
with potential overlapping contact in a RSW [12].

Less than 1% of the campus-wide workforce (0.1%, 17/
13,066) were diagnosed with COVID-19 (Fig. 1b). Over the
study period, one-third (34.4%, 4497/13,066) of HCWs had
been tested for SARS-CoV-2; an average of 30 HCWs were
tested for COVID-19 at the Staff Clinic daily. Staff working
in high-risk areas, such as the IW and the ED, did not have
higher odds of COVID-19 testing, compared to staff working
in other areas (Fig. 1b). Epidemiology investigations indi-
cated that the majority of COVID-19 cases in HCWs were
linked to known community cases outside of hospital
(70.6%, 12/17). Four remaining HCW cases were unlinked,
but did not have patient contact in high-risk areas and did
not have contact with each other; one HCW shared an office
cubicle with a known COVID-19 case [10]. There was no
evidence of patient-HCW transmission [10].

Infection control measures were also remarkably suc-
cessful in containing healthcare-associated-RVI across a large
healthcare campus. In the six months pre-pandemic, the
campus-wide incidence of healthcare-associated-RVI was 7.8
cases per-10,000 patient-days (195 cases; 250,596 patient-
days). After introduction of the campus-wide containment
strategy, the incidence of healthcare-associated-RVI was 1.5
cases per-10,000 patient-days (31 cases; 203,711 patient-
days). The incidence-rate-ratio of healthcare-associated-RVI
per 10,000-patient-days between the two periods (pre- and



Fig. 1 Effect of campus-wide multi-tiered infection control strategy on healthcare-associated transmission of SARS-CoV-2 as well
as common respiratory viral infections during 2020 COVID-19 pandemic.
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post-pandemic) was 0.2 (95% confidence interval, 95%
CI Z 0.13e0.29, p < 0.001) (Fig. 1c). The marked decrease
in healthcare-associated-RVI was observed despite increased
testing. Prior to the pandemic, an average of 701 RVI-panels/
month were ordered; during the pandemic, this rose to 970
tests/month.

Improved segregation, a crucial part of our containment
strategy, was successful in ensuring that most COVID-19
cases were managed in areas with heightened infection
prevention precautions (ED ‘fever areas’, IW, RSW), prior to
diagnosis. Only 4 cases of newly-diagnosed COVID-19 (0.3%,
4/1155) were picked up in the general ward; the remainder
had been managed in areas with heightened precautions
while awaiting the return of diagnostic testing (Fig. 2a).
COVID-19 suspects were assigned to IW or RSW based on
risk-stratification; not unexpectedly, the testing yield of
patients assigned to the IW was much higher compared to
those assigned to the RSW (14.8%, 651/4384 in IW, vs 0.7%,
35/4977 in the RSW) (Fig. 2a). One-third of admissions were
first tested in ED ‘fever areas’ (35.5%, 5731/16,162), with a
positive rate of 8.1% (465/5731). Testing yield outside of ED
‘fever areas’, IW or the RSW was low. Amongst patients
screened on the general ward, only 4 tested positive (0.4%,
4/1070) (Fig. 2a). A total of 3080 patients were swabbed
prior to community hospital stepdown; none tested posi-
tive. Despite segregation, in order not to compromise on
patient care, within-campus movement for clinical care of
patients with pending COVID-19 results was continued.
During the pandemic, while out-of-campus transfers were
significantly curtailed, within-campus transfers of patients
awaiting the results of COVID-19 testing were maintained at
an average of 388 patient movements per-day (Fig. 2b). No
nosocomial transmission of COVID-19 occurred as a result of
these transfers; all HCWs involved in these transfers used
PPE.

Amongst the small number of COVID-19 cases picked up
outside of isolation in the general ward (N Z 4), a total of
23 patient close-contacts and 33 HCW close-contacts were
identified (Fig. 3). None tested positive on 28-day follow-
up. Enhanced campus-wide IPC measures, including a uni-
versal masking policy, ensured that all HCWs had used a
surgical mask, at the minimum, when coming into contact
with these unsuspected COVID-19 cases prior to diagnosis.
Although one case required intubation and was in a non-
isolation ICU room for 10 h prior to diagnosis, all HCWs
performing AGPs had used disposable gloves, gowns, eye
protection, and N95 respirators (Fig. 3). To evaluate
compliance with enhanced campus-wide IPC measures,
comparisons of Staff Clinic attendances for acute respira-
tory illness and influenza vaccination, as well as consump-
tion of handrub/cleaning wipes and results of hand hygiene
and environmental cleaning audits pre- and post-pandemic
are provided in Fig. 4. Campus-wide compliance to yearly
influenza vaccination was high pre-pandemic, with 81.1% of
HCWs receiving influenza vaccination in 2019 (Fig. 4a).
During the pandemic, there was an increase in Staff Clinic
ARI attendances, likely due to mandatory centralised
reporting to facilitate contact tracing as well as staff



Fig. 2 Campus-wide testing yield for COVID-19, broken down according to individual tiers of containment response; and
continuation of campus-wide patient movement during COVID-19 pandemic.

Fig. 3 Containment of unsuspected COVID-19 cases in general ward setting (N Z 4) Z patient bed (2 m by 1 m).
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advisories discouraging presenteeism. Campus-wide con-
sumption of alcohol handrub rose from 1746 L/month in the
preceding year (2019) to 2313 L/month during the
pandemic period (Fig. 4b). Similarly, consumption of
cleaning wipes rose from 8669 bottles/month pre-pandemic
to 10,391 bottles/month, during the pandemic period



Fig. 4 Compliance with campus-wide enhanced infection prevention and control measures during COVID-19 pandemic Campus-
wide consumption of alcohol handrub and cleaning wipes, prior to and during COVID-19 pandemic.
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(Fig. 4b). Pre-pandemic, campus-wide hand hygiene rates
were high (95.0%; min 87.1%, max 100%); during the
pandemic period, hand hygiene rates were maintained at
close to 100.0% across all 5 hand hygiene moments audited
(Fig. 4c). Standards of environmental cleaning pre-
pandemic on regular audit using fluorescent markers (Glo-
germ) were high, and these standards were maintained
throughout the pandemic (Fig. 4c).

Discussion

The key finding of this study is that a multi-tiered infection
control strategy was successful in mitigating healthcare-
associated transmission of COVID-19 as well as common RVIs
across a large healthcare campus, over a sustained dura-
tion. Over a 6-month period, no documented patient-HCW
transmission of COVID-19 occurred, despite caring for more
than 1500 cases of COVID-19 campus-wide. While health-
care institutions in Hong Kong and Taiwan introduced
similar strategies [22], ongoing community transmission,
with more than 50,000 cases reported nationwide as of July
2020, meant that our containment strategy has been tested
over time. In the initial phases of the pandemic, various
healthcare systems progressively adopted more aggressive
measures [23,24]. However, the key components of our
containment strategy were all implemented by early
February 2020 and sustained over a six-month period.

Several factors were key to our success. Firstly, one-
third of admissions were first tested in ED, allowing for
faster turnaround of results and determination of COVID-19
status from arrival. Furthermore, due to improved segre-
gation, less than 1% of COVID-19 cases campus-wide were
picked up in multi-bedded cohorted general wards, outside
of designated areas for the management of COVID-19 cases
[12]. Given that a single unsuspected COVID-19 patient in a
cohorted general ward could cause significant disruption
through ward closures [22], our institution’s strategy mini-
mised this possibility. The mutually reinforcing nature of
our multi-tiered infection control strategy meant that
enhanced IPC measures, such as universal masking, hand
hygiene and environmental cleaning, could prevent onward
transmission even when COVID-19 cases presented outside
of containment in the general ward, or if minimally symp-
tomatic HCWs with COVID-19 had prolonged staff/patient
contact prior to diagnosis [25].

As an unintended consequence, implementation of our
COVID-19 containment strategy effectively curtailed
transmission of healthcare-associated-RVIs across an entire
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healthcare system. Though community surveillance
demonstrated a reduction in influenza-like activity [26],
there was no corresponding decrease in the number of
patients presenting with community-acquired-RVI to our
institution [27]. Given that healthcare-associated-RVI re-
mains an underappreciated cause of morbidity and mor-
tality in adult inpatients [28], IPC measures that potentially
mitigate healthcare-associated-RVI have clear value.
Although it was not possible to ascertain the individual
contribution of each tier of our infection control strategy,
careful comparison of audit results pre- and post-pandemic
provided some insights. General IPC measures, such as hand
hygiene, environmental cleaning standards, and compli-
ance to yearly influenza vaccination were already at high
levels pre-pandemic. The marginal changes observed during
the pandemic are unlikely to have accounted for the sub-
stantial drop in healthcare-associated-RVI alone. While
visitor restrictions formed a key tier of measures intro-
duced during the pandemic, the reduction in healthcare-
associated-RVI persisted even after the rollback of visitor
restrictions. Improved campus-wide segregation of symp-
tomatic patients and reductions in presenteeism amongst
staff with ARI symptoms are likely to have contributed
significantly to the campus-wide decrease in healthcare-
associated-RVI. Indeed, on our institution’s haematology
wards, which had implemented a universal masking policy
pre-pandemic, outbreaks of RVI persisted despite the uni-
versal masking policy and only subsided after the intro-
duction of improved segregation as part of pandemic
measures [29].

The limitations of our study were as follows. Only symp-
tomatic patient and staff close-contacts were tested for
COVID-19, similar to the practice in other large healthcare
systems [22,24]. To improve detection, centralised free
testing was available at the Staff Clinic [20]. Ongoing na-
tional serological surveys of HCWs have not detected addi-
tional unsuspected cases of COVID-19 to-date [30].

Conclusion

A multi-tiered infection control strategy was successful in
mitigating healthcare-associated transmission of COVID-19
and other common RVIs across a large healthcare campus
over a sustained period. Multi-tiered infection control
strategies to mitigate healthcare-associated transmission
of respiratory viral pathogens can be feasibly implemented,
even in large and complex healthcare systems.
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