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Objectives: Nosocomial infection is an ongoing concern in the COVID-19 outbreak. The effective screening
of suspected cases in the healthcare setting is therefore necessary, enabling the early identification and
prompt isolation of cases for epidemic containment. We aimed to assess the cost and health outcomes of
an extended screening strategy, implemented in Singapore on 07 February 2020, which maximizes case
identification in the public healthcare system.

';Zﬁ’s"uédi; 5 Methods: We explored the effects of the expanded screening criteria which allow clinicians to isolate and
COV";)_(]’Q' investigate patients presenting with undifferentiated fever or respiratory symptoms or chest x-ray

abnormalities. We formulated a cost appraisal framework which evaluated the treatment costs averted from
the prevention of secondary transmission in the hospital setting, as determined by a branching process
infection model, and compared these to the costs of the additional testing required to meet the criteria.
Results: In the base case analysis, an Ry of 2.5 and incubation period of 4 days, an estimated 239 (95% CI:
201-287) cases could be averted over 150 days within the hospital setting through ESC. A corresponding
$2.36 (2-2.85) million USD in costs could be averted with net cost savings of $124,000 (95% CI: —334,000
to 516,000). In the sensitivity analyses, when positive identification rates (PIR) were above 7%, regardless
of Ry and incubation period, all scenarios were cost-saving.
Conclusion: The expanded screening criteria can help to identify and promptly isolate positive COVID
cases in a cost-saving manner or within acceptable cost margins where the costs incurred from the
testing of negative patients could be negated by the averted costs. Outbreak control must be sustainable
and effective; the proposed screening criteria should be considered to mitigate nosocomial transmission
risk within healthcare facilities.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).

Extended screening criteria
Nosocomial infection

Background

Since its emergence in Wuhan, Hubei Province, China, the
Coronavirus Disease 2019 (COVID-19) has continued to spread
with escalating numbers of cases and countries affected. (Dong
et al., 2020) To prevent ongoing transmission, effective screening
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of suspected cases is necessary which enables the early identifica-
tion and prompt isolation of cases for epidemic containment. These
screening measures for testing have been largely guided by the
World Health Organization’s (WHO) case definitions (Anon,
2020a), which serve as a valuable epidemiologic tool for public
health officials to track the disease and is regularly updated with
the changing epidemiology and demographics of the disease. This
definition includes the presentation triad of fever, chest symptoms
as well as a positive contact with an active infection or travel to an
area with confirmed local transmission.

COVID-19 shares many clinical similarities to other respiratory
and febrile illnesses, creating significant uncertainty at the point of
testing as to whether cases should be treated as a potential positive
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infection. Although symptom case reports have emerged over the
ongoing outbreak (Zhou et al., 2020; Wang et al., 2020; Guan et al.,
2020), the case definition is dynamic, being continually updated
using clinician feedback through research or policymakers who
collate and publish. Both pathways however have an inevitable
time delay in information dissemination. This affects clinicians and
healthcare workers (HCWs) at the front line who rely on the case
definition to screen and triage patients, where this epidemiologic
case definition lag can lead to problems of case misclassification.
The screening process should therefore maximise sensitivity to
minimise the number of missed cases and risk of nosocomial
transmission, which occurred in Singapore during another
coronavirus outbreak of Severe Acute Respiratory Syndrome
(SARS) in 2003 (Gopalakrishna et al., 2004). During this outbreak,
frequent inadequately protected patient-to-HCW interactions
among untested and unidentified cases (Gopalakrishna et al.,
2004; Tan, 2006) led to 97 HCWs becoming infected (Koh, 2018).
Due to the presence of nosocomial transmission, clinicians at the
National University Hospital, Singapore (NUHS) quickly responded
with a revised testing protocol. They screened patients with a
substantial expansion of the admission and isolation criteria to
quickly identify and isolate infected individuals whose symptom
profiles were too mild to be considered for testing (Li et al., 2003;
Singh et al., 2003) or for patients who sought medical attention
with atypical disease presentations, especially in the pediatric or
geriatric population (Chen et al., 2020). The implementation of this
expanded screening criteria (ESC) placed all patients with
undifferentiated fever or respiratory symptoms or chest x-ray
abnormalities in isolation until all symptoms and fever were
resolved or an alternative diagnosis was proven, regardless of
travel history or confirmed previous exposure. Using ESC, NUH
clinicians were able to identify and isolate 13 patients who did not
fit the WHO SARS criteria but were eventually confirmed to have
SARS, who would have otherwise been potential spreaders (the
number of positive and negative cases for SARS are presented in
Supplementary Table 1) (Chai, 2014).

Clinicians responded to the COVID-19 crisis similarly, imple-
menting ESC on 7th February 2020, which was approximately
three weeks after the first imported case. With widespread
concerns raised regarding the low detection rate of infected
travellers where most present mild symptoms (12.1% with no fever,
67.7% with cough) (World Health Organisation, 2020a) and high
asymptomatic rates (Mizumoto et al., 2020) there was an
estimated 1.8% ascertainment rate in Wuhan (Wu et al., 2020a).

A wider screening policy for COVID-19 and future novel
respiratory viruses requires assessment in terms of its efficacy
and costs. The clinical management and costs of a large proportion

Table 1

of negative outcomes comes at the expense of resources which can
be invested in other parts of the healthcare system. The efficacy of
the ESC in the long term should thus be assessed in terms of its
prevention of nosocomial transmission, which may not only
negate these costs but also save resources for the healthcare
system. This paper therefore assesses the practicality of ESC
through a cost-effectiveness analysis by estimating the number of
cases that can be averted through ESC, and calculating the
associated costs from the testing of negatives and cost savings from
potentially averted cases.

Methods

The first case definition used by the Ministry of Health,
Singapore for the testing of suspect COVID-19 cases was based on
WHO and other international bodies recommendations (Chinese
Communicable Disease Center, 2020). This centered on the
presence of fever, respiratory illness or pneumonia, and recent
travel to Wuhan, China (namely, regions with reported infections)
or close contact with a COVID-19 patient (Anon, 2020b) (Table 1).
Recognizing the limitations of these case definitions and extending
from our experience from SARS (Tan, 2006; Chai, 2014), we
proposed an expanded screening criteria (ESC) simplified for
execution at the hospital triage, which was then implemented on 7
February 2020 with immediate effect. Any patients with undiffer-
entiated fever OR respiratory symptoms OR chest x-ray abnormal-
ities are placed into isolation on admission with respiratory
precautions, and investigated until symptoms and fever resolve or
an alternative diagnosis was determined (Table 1). We used our
institution in Singapore, a 1000-bed tertiary hospital, as a study
example (Anon, 2020c¢). From 8 February 2020 to 21 February 2020,
14 cases were identified through ESC which would have otherwise
been missed.

We determined the total number of infected cases that could
occur from each non-identified admitted COVID-19 case in a
hospital setting using a branching process infection model (Figure
1), which estimates the number of new infections at each
generation. Each day, a set of imported cases is designed to be
able to start multiple generations of transmission. The model
characterizes this influx of cases into the hospital and subsequent
infections that may occur. The baseline generation represents the
first COVID-19 positive case which is not deemed to be a suspected
case under the non-ESC criteria (WHO criteria until 31 January
2020 or Ministry of Health criteria until 25 January 2020) but
would otherwise have been isolated under ESC. Under non-ESC
screening, the daily influx of symptomatic and positive cases is
parameterised by a binomial distribution with a probability

Working criteria and expanded screening criteria for evaluating patients who may be ill with or have been exposed to 2019 Novel Coronavirus (COVID-19) (Wang et al., 2020).

World Health Organization
31 January 2020 (Anon, 2020a)

Ministry of Health, Singapore
25 January 2020

Expanded Screening Criteria for
admission and isolation

A Severe acute respiratory infection Pneumonia
AND OR

has history of travel to or residence in China during the 14 severe respiratory infection with breathlessness

days prior to symptom onset AND

Undifferentiated fever
OR

respiratory infection
OR

has history of travel to mainland China during the 14 days prior abnormal chest x-ray

to symptom onset
Acute respiratory illness of any degree of severity

B Acute respiratory illness

AND AND

has contact with a confirmed or probable case of COVID-19 has history of travel to Wuhan city or Hubei Province, China
infection OR

OR has been to a hospital in mainland China

worked in or attended a health care facility where patients OR

with confirmed or probable COVID-19 patients were being had close contact with a case of COVID-19 infection during the

treated during the 14 days prior to symptom onset

14 days prior to symptom onset
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Figure 1. Branching Process SIR Model simulating secondary case generation in the
hospital setting without the implementation of ESC. Multiple infection events can
occur per individual over time, leading to primary, secondary and tertiary
generations of cases.

determined by the positive identification rate (PIR), otherwise
referred to as the proportion p of confirmed symptomatic cases
observed out of the total number of observed respiratory illness
cases n. All symptomatic and asymptomatic cases are assumed to
be able to transmit the infection due to the closed environment
within the hospital setting so are not distinguished. The number of
importations y in the hospital facility is therefore,

Y ~ Bin(n,p).

The number of infections incurred from these daily incoming
non-isolated cases is determined by a Poisson distribution with a
rate of infection A, and the incubation period length which
determines the infectiousness period j. Therefore the total number
of infections Z at time t, to time t and incubation period j, is defined
as

i
Ziorirj = Z KX
i=1
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where X, ; denotes the size of the generation k descending from
ancestor i, and determined by

Xii~ Poisson(A).

After each newly infected person’s incubation period, the
individual is assumed to be in the process of being identified and to
have a decreasing rate of infectiousness of 10% until their end point
T at 20 days. After the periodj + 1, an individual’s infectiousness is
consequently greatly reduced, where a person is expected to have
follow up with the development of new symptoms or unexpected
ongoing symptoms from the new infection of COVID-19 and is
consequently isolated, or if asymptomatic, is discharged. There-
fore, Z is updated to

T
Zitjrr= Y Xei» Xii~ Poisson(d x 0.1).
i=j+1

For the main analysis, we ran 50 simulations with a set of
parameters taken from literature; a rate of infection (1) of 2.5 and
incubation period (IP) of 4 days (Wu et al., 2020b), and PIR rate 8.0%
which is based on the upper bound for case identification in the
SARS epidemic in 2003 (Rainer et al., 2007; Chowell et al., 2015;
Chan et al., 2004; Assiri et al., 2013; Mohd et al., 2016; Chang et al.,
2005). The full analysis was run for different parameter
distributions (Table 2). For each independent combination, 50
simulations were run where the incubation period j was varied
between 4-8 days, the rate of infection A from 1.5 to 3.5
increments, and the rate of influx p from 1.0% to 30.0% in 1.0%
increments based on a range of positive identification rates (PIRs)
from literature on COVID-19, CoV-SARS and CoV-Middle East
Respiratory Syndrome (Rainer et al., 2007; Chowell et al., 2015;
Chan et al., 2004; Assiri et al., 2013; Mohd et al., 2016; Chang et al.,
2005). All simulations were run across 150 days (approximately 5
months) and performed in R Version 3.6.3.

After determining the number of new cases occurring within
healthcare facilities, we assessed the healthcare system costs and
outcomes of implementing the proposed ESC and followed the
Consolidated Health Economic Evaluation Reporting Standards
(CHEERS). The cost framework examined the impact of the ESC on
hospitalization and testing costs while considering the transmis-
sion dynamics and importation rates of COVID-19 cases in a
hospital setting. A constant daily influx of 84 patients was assumed
across 150 days based on 1182 general ward patients being
admitted across 14 days (8 February 2020 to 21 February 2020,
Supplementary Table 2). The total number of patients being
admitted to the isolation wards for undifferentiated fever or
respiratory infection or an abnormal chest x-ray according to the
ESC was taken to be 14.7% (174 isolated out of 1182 admitted
patients, Supplementary Table 2). A proportion of these, according
to the PIR, will be COVID-19 positive.

Table 2
Parameters used within the branching process model for the baseline and sensitivity analyses.
Parameter Notation Value Source
Daily number of admitted patients to isolation ward n 84 NUH
Baseline
Positive identification rate p 0.02 NUH
Rate of infection A 25 Wu et al. (2020b)
Incubation period j 4 days Anon (2020d), Linton et al. (2020)
Sensitivity analysis
Positive identification rate p 0.01-0.30 Rainer et al. (2007), Chowell et al. (2015), Chan et al. (2004),
Assiri et al. (2013), Chang et al. (2005), Chang et al. (2005)
Rate of infection A 1.0-3.5 Wu et al. (2020b)
Incubation period j 4-8 days Anon (2020d), Linton et al. (2020)
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All costs presented are in US Dollars with no discounting for
the year 2020. The net cost of ESC is calculated as the total
hospitalization costs for the isolation of negative patients
subtracted from the total hospitalization costs averted from the
isolation of positive cases which would have otherwise been
missed by a non ESC criteria. For the former, the total hospital-
isation cost for the isolation of negative cases was the total
number of negative diagnoses at the cost of $1201 each, as all
patients receive 2 Coronavirus Polymerase Chain Reaction (PCR)
tests and a respiratory isolation room cost (Supplementary
Table 3). This represents the costs to the healthcare system which
should be minimised as they require no further isolation
measures. For the latter, the total cost averted from the isolation
of positive cases under the ESC was determined by the branching
process model with an associated testing and treatment cost
each. These COVID-19 positive patients inherit the same initial
costs as negative patients at the testing phase and have
subsequent treatment costs depending on whether they require
Intensive Care Unit (ICU) stay with a probability of 26.6% based on
patient outcome profiles from literature (Wang et al., 2020; Anon,
2020e). Those who do not require ICU admission had treatment
costs totalling $8630 each. Procedures included weekly chest x-
rays, liver function tests and cardiac enzymes assessments, twice
weekly C-Reactive Protein tests, full blood count tests and PCR
tests to examine viral clearance rates, and one CT Thorax on
admission across 14 days (Supplementary Table 4). Patients who
required ICU care received an additional cost for 7 days of
intensive care management, followed by the standard respiratory
isolation procedures for a non-ICU patient at a total of $12 658
(Supplementary Table 5).

Role of the funding source

The sponsor of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of the
report. The corresponding author had full access to all the data in
the study and had final responsibility for the decision to submit for
publication.

Results

Atan R of 2.5 and incubation period (IP) of 4 days, approximate
to estimates by Wu et al. (2020c¢) for Wuhan, an estimated 240 (95%
CI: 200-290) cases would be prevented over 150 days through ESC
by isolating patients presenting fever or respiratory symptoms
such as cough with their travel and exposure profile not considered
(Table 3). With an observation of 84 patients being admitted per

Table 3

day into hospital and a corresponding total of 12,600 across the
150-day period (Supplementary Table 2), 1900 patients would be
expected to enter respiratory isolation of which 200 (95% CI: 170-
230) to 300 (95% CI: 250-370) would be COVID-19 positive,
depending on the Ry (Table 2). A total cost between $2.0 million
(95% CI: 1.7-2.3 million) to $3.0 million (95% CI: 2.5-3.7 million)
could be potentially averted from the isolation of these patients. A
corresponding cost saving at an Ry of 2.5 or greater can be achieved
with $120,000 (95% CI: —330,000 to 520,000) to $740,000 (95% CI:
120,000-1,400,000) saved. Of note, if the proportion of positive
cases is taken to be 8.0%, which represents the upper bound of
SARS patient identification during the testing period for the 2003
epidemic (Rainer et al., 2007; Chowell et al., 2015; Chan et al,,
2004; Assiri et al., 2013; Mohd et al., 2016; Chang et al., 2005), the
total cost of testing for negative patients is $1.9 million at this PIR.

When increasing the PIR from 1.0% to 30.0%, the number of
COVID-19 infected individuals averted at the hospital drastically
increases from 29 (95% CI: 18-48) to 900 (95% CI: 840-1000) at
Ry = 2.5 and IP of 4 days (Figure 2A-F), with substantial increases
averted when Ry increases from 1.0 to 3.5. Increasing the Ry or
decreasing the IP resulted in a greater number of infections,
although the latter parameter had a smaller effect. For example, at
a PIR of 5.0%, IP of 8 days and Ry of 1.0 versus 3.5, there was an
average of 0.68 (95% CI: 0.34-0.82) to 1.02 (95% CI: 0.85-1.21)
infected patients arriving daily (Supplementary Figure 1A and B).
At the higher Ry of 2, PIR of 5.0% and IP of 6 versus 8, 0.83 (95% CI:
0.73-1.01) to 0.79 (95% CI: 0.66-0.92) infected patients were
expected to enter a hospital facility (Supplementary Figure 1C and
D). In contrast, increasing the PIR from 1.0% to 20.0% had a more
dramatic increase from 0.15 (95% CI: 0.09-0.26) to 3.23 (95% CI:
3.00-3.92) patients, when keeping the Ry fixed at 2 and IP at 4 days
(Supplementary Figure 1E and F).

With an incubation period of 4-8 days, the net cost savings of
ESC are $7.5 million (95% CI: $7.1-$8.6 million) at Ry of 2.5 and
ranged between —$2.1 million (95% CI: —$2.2 to —$2.0 million) to
$10.4 (95% CI: 8.1-$11) million for an Ry of 1.0-3.5 (Figure 3A). A
higher Ry causes ESC to yield larger cost savings with this
difference in cost savings being more pronounced at higher PIR
values. At a PIR of 1.0%, having an Ry of 1.5 versus 3.5 increases the
cost savings by $153,000 with 14 more infections averted (Figure
3B) but at a PIR of 30.0%, this difference widens to $5.0 million
(Figure 3A) with 440 more infections averted (Figure 3B). However,
provided that the PIR is above 8.0%, regardless of Ry, cost savings
can be achieved through ESC implementation. Notably, less than a
3.0% difference was recorded in net cost savings across the Ry of 1-
3.5 at a PIR of 1.0%, with the largest change being a —$49,000
decrease in net cost savings at the Ry of 3.5. Across all Ry and PIR

The net cost of expanding the screening criteria (ESC) for different basic reproduction values at a positive identification rate of 8.0%, which represents the upper bound for
SARS infection identification rates in the 2003 pandemic. (Rainer et al., 2007; Chowell et al., 2015; Chan et al., 2004; Assiri et al., 2013; Mohd et al., 2016; Chang et al., 2005) All
costs are rounded to the nearest ten if greater than 10, nearest hundred if greater than 100, thousand if greater than 10,000, and hundred thousand if greater than one million.

Costs are also in USD.

Variable Values
For the basic reproduction number: Non- specific 15 2 25 3 35
Number of patients being admitted per day 84
Total number of patients at 150 days 12 600
Total number in respiratory isolation at 150 days 1900
Cost of respiratory isolation 22
$ Million
Total number of COVID-19 positive cases prevented - 200 220 240 280 300
(170-230) (190-240) (200-290) (210-330) (250-370)
Costs averted from isolation of cases under ESC $ million - 2.0 2.2 24 2.7 3.0
(1.7-2.3) (1.9-2.4) (2.0-2.9) (21-3.3) (2.5-3.7)
Net cost of expanding transmission criteria - -270 -80 120 450 740
$ thousand (—670 to 370) (—430 to 20) (—330 to 520) (—210 to 920) (120 to 1400)




494

J.T. Lim et al./ International Journal of Infectious Diseases 100 (2020) 490-496

A
IP=4 -~
607 PR=1% : '
50 - j
=]
| BEEET
104 - & = -
T T T T T T
1 15 2 25 3 35
©
O C
= IP=4 o
O 2207 pRr-s% E
> R
<C 200 :
O 480 el
O R :
— ' '
O 160 . :
Q2 — T 4 b
Sl loET-
w— 120 — =
(@) , } :
« 004 1 1 4
® T T T T T T
Ko 1 15 2 25 3 35
>
prd E
IP=4 o
800 PIR=20% '
700 | -
600 | T B L
0| B T
= _
400 4_—=

B
100 IP=4 -
PIR = 2% - ;
N E|
40—E
T T T T T T
i 15 2 25 3 35
D
450 IP=4 T

PIR =10%

400 _ E
350 - -
Ay

300 é i
250

E E
200 -

1200 IP=4

1 PIR=30% E
1100 A R
1000 i E -
900 - E
800 - EI -
700 E - I

Reproduction Number

Figure 2. Boxplots of the number of infections averted with a 4 day incubation period (IP) across a range of basic reproduction numbers () 1.0-3.5 and positive identification
rates (PIR) of (A) 1.0%, (B) 2.0%, (C) 5.0%, (D) 10.0%, (E) 20.0% and (F) 30.0%.

values, changing the IP from 4 to 8 days decreased the net cost
savings of ESC by an average of —$52,000.

Discussion

Among the lessons learned during the SARS epidemic of 2003-
2004 was the importance of adapting official case definitions to
provide effective triage and screening (Tan, 2006 ), especially as the
definitions are expected to rapidly evolve for a new disease. For the
current COVID-19 outbreak, all early diagnosed patients had
travelled from China but by the 4th Feb 2020, suspected local
transmission was evident, therefore negating the usefulness of this
travel history (Anon, 2020f). Furthermore, as symptom profiles
were identified as being very heterogeneous with the two
dominant symptoms fever and cough at 88.7% and 67.8%
prevalence among 1099 patients in mainland China (Guan et al.,
2020), the expanded screening criteria (ESC) was designed to
capture all of these patients to reduce the risk of nosocomial
transmission.

As of 7 February 2020, ESC was implemented as an emergency
response to operate alongside intense contract tracing (Pung et al.,
2020) and social distancing (Koo et al., 2020; Lim et al., 2020). The
results demonstrate that provided the positive identification rate
(PIR) is sufficiently high at 7% or greater, costs-savings can be
created across the Ry values 1.0-3.5, making the screening strategy
sustainable for the healthcare system in the long term. At lower PIR
vales and low Ry values, the strategy should still be considered by
policymakers during the initial part of the epidemic to ensure the
majority if not all cases are captured at healthcare facilities.
Nosocomial transmission should also be prevented through the
isolation of these cases at the point of admission during testing
with the costs accounted for. The prevention of 200-300 COVID-19
infections in a hospital at an Ry of 2.5 and incubation period (IP) of
4 days can also prevent transmission within the community and
relieve the need for PPE resources which are already under strain
(World Health Organisation, 2020b). The branching process shows
the rapidity of infection spread and highlights the urgency of
enhancing hospital surveillance to detect any potential
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transmission chains when a case is identified, which is already
carried out for all atypical pneumonias, some upper respiratory
illnesses and hospitalized acute respiratory illnesses (Pung et al.,
2020).

Our findings are relevant to cities and highly urbanized regions
with well-developed healthcare infrastructure and resources to
undertake considerable epidemiological investigation for sus-
pected cases. The costs for areas with fewer resources or different
health systems however are likely to be considerably lower but
potentially at the cost of a lower PIR. A total of 40,000 cases have
been confirmed in Singapore to date (25th March 2020; a full case
listing is provided by gov.sg (Anon, 2020g)) with limited local
transmission currently suspected. Elsewhere, ~8 million cases and
over 435,000 deaths have been confirmed across 6 WHO regions
(World Health Organisation, 2020c). The analysis performed here
can be utilised for all countries regardless of outbreak stage as it
can prevent nosocomial transmission at hospitals with incoming
cases of local transmission and prevent imported cases from
establishing transmission chains altogether. It also supports the
general body of literature highlighting the importance of a highly
sensitive standardised criteria for case identification in an
epidemic involving a new infectious pathogen. For COVID-19, this
has been particularly challenging as it shares symptoms with many
respiratory illnesses, making it difficult for practitioners to
distinguish positive cases. Similar issues already exist for influenza
between national and regional surveillance programmes where
most use measured or reported fever with cough and/or sore
throat (Fitzner et al., 2018). During the initial wave of the 2009
influenza A HIN1 pandemic in Singapore, serological surveillance
on 727 patients from June to October 2009 demonstrated that the
revised WHO definition had the highest reported positive
predictive value (PPV) in comparison to three others (Jiang
et al., 2015). This variety in case definition across institutions
demonstrates the ongoing challenges in place for both diagnosis
and surveillance, which can be difficult for practitioners to
interpret and implement. For COVID-19, complete case finding is
being prioritised where possible in Singapore as PPV will
substantially change with increasing disease prevalence. Provided
the case definition is highly sensitive, it can continue to be rapidly

updated with greater specificity over time as symptom profile data
continues to be shared and assessments carried out on missed
cases, therefore sensitivity at the initial phases should be greatly
prioritised.

The model can be used by policy makers to estimate the costs
saved using ESC within the hospital setting for the ongoing COVID-
19 pandemic. ESC is cost-effective in the long term, especially at
higher Ry and PIR values, preventing undiagnosed cases from
infecting other individuals, which is especially important during
the initial outbreak phase or where the epidemic is suppressed
from lockdown measures. It should be noted however that there
are several limitations in our analysis, primarily due to the ongoing
uncertainties regarding the parameters of the COVID-19 infection
profile and differing operational procedures in hospitals. Firstly,
the PIR is currently unknown and the Ry is likely to vary
considerably in space and time across Singapore. Infectiousness
will also vary between HCWs and patients, which may not be fully
explained by the branching process. Second, the asymptomatic
rate has yet to be determined as part of the continually evolving
symptomatic profile (Anon, 2020h; Nishiura et al., 2020). Third, we
only considered the hospital costs for the institution and did not
account for the productivity and economic losses from unneces-
sary isolation or those saved from averting of nosocomial cases.
This also includes the excess manpower costs from HCWs who are
currently working long hours to ensure patient wellbeing. Fourth,
revisions may be required to make these findings applicable to
other countries or cities through adaption of the isolation and
testing procedures. Lastly, the potential for superspreading events,
as witnessed in SARS (Shen et al., 2004 ), has not been accounted for
as the movement patterns of HCW were not modelled.

ESC should be implemented in the early phase of an epidemic
where local community transmission is suspected or where
imported cases are being repeatedly recorded. Cost-savings or
relatively minor costs are expected to occur whilst reducing the
risk of uncontrolled outbreaks occurring in nosocomial settings.
This is critical considering the ongoing anxiety and strain on
healthcare systems worldwide, which are reflected within the
public and impossible to fully quantify (Boccuzzi, 2003; Ernst,
2006). Measures such as ESC, which can aid national control
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efforts, should be considered in order to relieve this pressure
through the exhaustive testing and isolation of individuals which
have good potential to be positive (Anon, 2020c¢).
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