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ORIGINAL ARTICLE

ABSTRACT 
Introduction: We evaluated the impact of public health measures on paediatric emergency  
department attendances during the COVID-19 and severe acute respiratory syndrome (SARS)  
outbreaks in Singapore.
Methods: Between 1 January 2020 and 31 July 2020, we retrospectively reviewed paediatric  
emergency department attendances and admissions in a tertiary paediatric hospital in Singapore  
before and after a national lockdown to combat the spread of COVID-19 in Singapore. Hospital  
attendances and admissions were compared with data from a corresponding period in 2019 (1 January 2019 
to 31 July 2019), as well as during and after the SARS outbreak (1 January 2003 to 31 December 2004). 
Results: Compared with a corresponding non-outbreak period, emergency department attendances  
decreased in line with nationwide public health measures during the COVID-19 and SARS outbreaks  
(2020 and 2003 respectively), before increasing gradually following lifting of restrictions, albeit not 
to recorded levels before these outbreaks. During the COVID-19 outbreak, mean daily attendances  
decreased by 40%, from 458 per day in January–July 2019, to 274 per day in January–July 2020. The 
absolute number of hospital inpatient admissions decreased by 37% from January–July 2019 (19,629) to 
January–July 2020 (12,304). The proportion of emergency department attendances requiring admission 
remained similar: 20% in January–July 2019 and 21% in January–July 2020. 
Conclusion: Nationwide public health measures in Singapore have had an impact on paediatric  
emergency department attendances and hospital inpatient admissions. Data from this study could inform 
planning and resource allocation for emergency departments in Singapore and internationally.
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INTRODUCTION
Coronavirus disease 2019 (COVID-19) was declared 
a pandemic by the World Health Organization (WHO) 
on 11 March 2020,1 with over 110 million cumulative 
cases worldwide to date2 and a case fatality rate of 
approximately 1%.3 In comparison, the 2003 outbreak 
of severe acute respiratory syndrome (SARS) had 8,422 
cumulative cases worldwide and a higher case fatality  
rate of 11%.4 While the high transmissibility and broad 
clinical spectrum of SARS-coronavirus-2 (SARS- 
CoV-2) may render COVID-19 more difficult to  
eradicate than SARS, stringent physical distancing and 

hygiene measures are effective in reducing the effective 
transmission coefficient and associated mortality.3

Initial reports of paediatric COVID-19 infection  
described a milder course of illness than in adults.5,6 In  
May 2020, a novel Kawasaki-like shock syndrome 
associated with COVID-19, designated as multisystem 
inflammatory syndrome in children (MIS-C), was  
described in Europe and North America.7-9 This severe 
paediatric disease phenotype has not been observed in 
Asia as yet.10,11

The first imported case of COVID-19 in Singapore was 
detected on 23 January 2020.12 With Singapore’s national 
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perspective on the importance of pandemic preparedness 
shaped in 2003 by SARS, the country has implemented 
a nationwide public health response strategy involving  
early identification and isolation of COVID-19 cases 
to reduce the risk of further transmission.13-15 Given the 
increasing international and local spread of COVID-19 
from February 2020 onwards, progressive restrictions 
in population activities and movement culminated in a 
comprehensive set of safe distancing measures, referred 
to as the “circuit breaker”.16-19 This was followed by a 
period of gradual relaxation of circuit breaker measures in 
May 2020 as community-acquired COVID-19 infections 
decreased20,21 (Table 1).

Understanding the evolution of paediatric emergency 
department (ED) attendances will facilitate both  
paediatric ED and the hospital’s planning and resource 
allocation in the COVID-19 and post-COVID-19 period. 
We therefore evaluated the impact of nationwide public 
health measures on paediatric ED attendances during the 

ongoing COVID-19 pandemic, comparing attendances  
and hospital admissions in 2020 as Singapore went  
through the pre-COVID-19 period to the COVID-19  
period, with the corresponding periods in 2019  
(a representative non-outbreak year), and 2003–2004  
during and after the SARS outbreak—the only other 
emerging infectious disease outbreak in Singapore of 
comparable magnitude.22,23 Additionally, we compared 
the number and severity of confirmed Kawasaki disease 
patients admitted to our institution in the first 7 months  
of 2019 and 2020.

METHODS
This is a retrospective review of paediatric ED  
attendances during the study periods of 1 January  
2003–31 December 2004, 1 January–31 July 2019, and 
1 January–31 July 2020. KK Women’s and Children’s 
Hospital is an 830-bed tertiary hospital in Singapore,  
with 500 paediatric inpatient beds. As part of the 

Table 1. Nationwide public health measures implemented in Singapore to prevent imported cases and local transmission of COVID-19

Date (2020) Measures taken Details of measures

7 February National risk assessment 
stepped up to 
DORSCON Orange16

•	 Cancellation or deferral of non-essential large-scale events
•	 Daily workplace health checks including temperature-taking
•	 Hospital implementation of temperature screening for visitors and segregation of pneumonia patients
•	 Suspension of inter-school activities such as national school games and camps
•	 Limits to number of visitors to preschools and eldercare services

24 March Travel ban17 •	 All short-term visitors (from anywhere in the world) not allowed to enter or transit through Singapore

7 April Circuit breaker (CB) 118 •	 Closure of most workplaces except those providing essential services
•	 Schools closed and lessons moved online
•	 Social gatherings both in private and public spaces prohibited
•	 Dining-in at restaurants disallowed
•	 Interim measure on 14 April: compulsory wearing of face masks outside the house

21 April CB 219 •	 Extension of original circuit breaker measures
•	 Number of essential businesses allowed to operate further reduced
•	 Entry restrictions at wet markets and supermarkets to reduce crowding 
•	 Mid-year school holidays brought forward from June to May

5 May 1st easing of CB20 •	 Traditional Chinese medicine practitioners allowed to administer acupuncture for pain management
•	 Residents of strata-titled residential buildings allowed to exercise in common areas with safe 

distancing measures

12 May 2nd easing of CB20 •	 Opening of home-based food businesses, selected food retail, manufacturing, hairdressers/barbers

2 June Phase 1 of Post-CB21 •	 Resumption of manufacturing, motor vehicle servicing
•	 Visits to parents/grandparents allowed
•	 Places of worship reopened
•	 Gradual re-opening of schools

20 June Phase 2 of Post-CB21 •	 Gradual re-opening of restaurants and sports/recreation facilities

DORSCON: Disease Outbreak Response System CONdition; CB: Circuit breaker
Superscript numbers: Refer to REFERENCES
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rapid response to cater for the demands of COVID-19  
screening, isolation and admissions, the hospital’s  
Children’s Emergency (CE) created new areas to  
segregate patients based on their risk category.24

•	 High-risk area: “Suspect” cases based on Ministry 
of Health criteria for symptoms and travel history 
were managed in the existing CE negative-pressure 
isolation facility.

•	 Intermediate-risk area: “At-risk” cases with fever 
or acute respiratory symptoms were seen in the  
main area.

•	 Low-risk area: “Clean” cases with no travel or 
contact history, fever or acute respiratory symptoms 
were seen in a new tent facility built to increase  
CE capacity.

The CE triages patients according to their severity  
of illness at presentation into P1, P2 and P3 cases.25 P1  
cases (highest acuity) have unstable physiological 
parameters requiring immediate medical attention at  
the resuscitation area. P2 are acute cases that require  
medical attention urgently within the next 15 minutes  
(P2+) or 60 minutes (P2). P3 cases (lowest acuity)  
are considered less urgent and may wait in turn  
for consultation. 

Information on CE attendances were extracted from 
the hospital electronic medical records for the following: 
patients’ CE location (high, intermediate and low-risk  

areas), triage category (P1, P2 and P3) and diagnosis 
category (trauma, non-trauma); disposition from CE 
including discharge and admission; and inpatient  
discharge diagnosis of Kawasaki disease. Data were 
analysed using descriptive statistics. Ethics approval  
from the SingHealth Centralised Institutional Review  
Board (reference 2020/2760) was obtained.

RESULTS

Overall CE attendance
During the COVID-19 outbreak in 2020, CE total daily 
attendances decreased progressively from 400–600 
attendances per day in January to under 200 per day in  
April, with successive circuit breaker measures. The  
number then gradually increased in tandem with  
relaxation of circuit breaker measures, translating into a 
mean daily attendance of 274 (Fig. 1, top row). The 2003 
SARS outbreak saw a similar attendance trend, decreasing 
from around 400 attendances per day at the start of the 
year, to under 100 per day in April 2003 following the 
closure of schools, then gradually increasing, with a mean 
daily attendance of 232 (Fig. 1, bottom row). These trends 
in the outbreak years of 2020 and 2003 contrasted with  
a relatively stable mean daily attendance of 458  
throughout January–July 2019 (Fig. 1, middle row)—a 
40% decrease in total CE attendances from January–July 
2019 compared to January–July 2020.

Following the 2003 SARS outbreak and the  
eradication of SARS in Singapore by July 2003, CE 
attendances only stabilised by September 2003 and  
remained relatively constant throughout 2004 at a new 
baseline slightly lower than pre-SARS levels (Fig. 2).

CE attendance stratified by location, triage category 
and diagnosis category 
When stratified by location (Fig. 3), monthly CE 
attendances showed a stable pattern throughout the first 
half of 2019. In 2020, the number of intermediate-risk area 
patients decreased while the number of low-risk patients  
increased, stabilising at approximately similar numbers 
in each area from April 2020 onwards; for high-risk area 
patients there was a spike in March 2020 with numbers 
decreasing in subsequent months. Outpatient COVID-19 
nasopharyngeal swab polymerase chain reaction (PCR) 
testing in CE was progressively introduced from  
February 2020, with a surge in testing of asymptomatic 
paediatric close contacts of confirmed COVID-19 cases,  
who were proactively identified and brought to CE for  
testing from early March 2020 onwards. These paediatric 
close contacts were seen in the high-risk area and  
contributed to the surge in attendance in March 2020.

CLINICAL IMPACT

What is New

•	 Public health measures have had an impact on 
paediatric emergency department attendances and 
hospital admissions in Singapore.

•	 These findings are derived by comparing 
hospital-based registry data at KK Women’s and 
Children’s Hospital during COVID-19 in 2020 and 
SARS in 2003. 

Clinical Implications

•	 Paediatric emergency department attendances 
decreased in line with national lockdown periods in 
Singapore, followed by a prolonged phase before 
increasing towards pre-pandemic levels. 

•	 Data from this study could have implications 
for planning of future health services and resource 
allocation to meet the emergent manpower needs 
during a pandemic. 
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Fig. 1. Children’s Emergency daily attendance from January–July 2020 (top row), 2019 (middle row) and 2003 (bottom row). The timing  
of key events during the 2020 COVID-19 and 2003 SARS outbreaks are shown on their respective graphs. 
DORSCON: Disease Outbreak Response System CONdition; SG: Singapore; WHO: World Health Organization

Fig. 2. Children’s Emergency daily attendance January 2003–December 2004, including key events during the 2003 SARS outbreak.
SG: Singapore

The total CE attendance in January–July 2020 (58,272 
patients) was less compared to January–July 2019  
(97,153 patients). However, a similar triage category 
distribution was observed, with the majority of CE 
attendances categorised as P2 (52% in 2019 versus 51% 

in 2020), followed by P3 (44% in 2019 vs 46% in 2020), 
and a small number of P1 attendances (2.5% in both 2019 
and 2020).

Further stratifying P1 attendances by diagnosis category 
(trauma and non-trauma) between January–July 2019 



COVID-19 paediatric emergency attendance—Ronald MR Tan et al.

Ann Acad Med Singap Vol 50 No 2 February 2021 | annals.edu.sg

130

Fig. 3. Children’s Emergency monthly attendance from January–July 2019 (left) and January–July 2020 (right), stratified by location  
(High, Intermediate and Low-risk areas). Low-risk area data started in early 2020 when the tent facility was built.

and 2020 (Table 2) showed that trauma cases comprised 
12.5% of all P1 attendances in 2019, compared to 13.7%  
in 2020; non-trauma cases made up 87.5% of P1  
attendances in 2019, versus 86.3% in 2020. While the  
top 10 specific diagnoses in both trauma and non-trauma 
categories were broadly similar between 2019 and 2020, 
there was an increase for P1 trauma attendances in both 
number and proportion of burns and scalds from 18 (6%)  
in 2019 to 25 (13%) in 2020. Conversely, for P1 non-
trauma attendances, there was a decrease in number and  
proportion of all-cause respiratory-related attendances 
among the top 10 diagnoses, from 936 (44%) in 2019 to 
399 (32%) in 2020 (Table 2).

As to the relative proportions of total CE attendances 
classified as trauma and non-trauma cases, January–
July 2020 had a slight increase in proportion of trauma 
cases (21% trauma, 79% non-trauma) compared to the 
corresponding period of January–July 2019 (16% trauma, 
84% non-trauma). 

Inpatient admissions as a proportion of total  
CE attendance
For the overall period of January–July, there was a 37% 
decrease in number of CE attendances requiring hospital 
inpatient admission from 19,629 in January–July 2019 
to 12,304 in January–July 2020. The proportion of CE 

attendances requiring admission remained similar: 20%  
in January–July 2019 and 21% in January–July 2020.

When analysed by month, inpatient admissions from 
January–July 2020 (Fig. 4, right column) decreased 
in tandem with total CE attendance through the first 
5 months of the year, then increased throughout the  
post-circuit breaker period, though not reaching pre-
COVID-19 levels. The proportion of admissions to 
total CE attendances increased slightly from 19–21% 
in January–April 2020, to 23–24% in May–July 2020. 
January–July 2003 (Fig. 4, left column) showed a  
similar pattern, with monthly inpatient admissions and  
total CE attendances decreasing during the SARS  
outbreak and then gradually increasing with outbreak 
resolution. Although the proportion of admissions to  
CE attendances decreased slightly from 19–22% in  
January–April 2003 to 17–18% in May–July 2003, 
it eventually stablised at 16–20% in late 2003 and  
throughout 2004. January–July 2019 (Fig. 4, middle 
column) showed a relatively stable number of  
admissions, attendances and proportion of admissions  
to attendances (20–21%) throughout the year.

Kawasaki disease admissions
There was a cumulative total of 78 inpatient admissions 
for Kawasaki disease from January–July 2020 compared 
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were tested for COVID-19; all 49 patients tested to date  
(either by nasopharyngeal swab PCR, immunoglobulin 
G [IgG] serology, or both) were COVID-negative. 

to 90 admissions from January–July 2019, with a similar 
admission pattern through the course of both years. 
From May 2020 onwards, all Kawasaki disease patients 

Fig. 4. Monthly inpatient admissions as a proportion of total Children’s Emergency attendances, from January–July 2003 (left column), 
2019 (middle) and 2020 (right). The top row shows the monthly trend within each year, and the bottom row shows the percentage change in 
admissions and non-admitted attendances from the previous month, in relation to national policy changes during the 2003 SARS and 2020 
COVID-19 outbreaks. DORSCON: Disease Outbreak Response System CONdition.

Table 2. Comparison of top 10 diagnoses for P1 trauma and non-trauma CE attendances from January–July 2019 and 2020

January–July 2019
Top 10 diagnoses, n (%)

January–July 2020
Top 10 diagnoses, n (%)

P1 Trauma attendances Total 307 
Head injuries 79 (25)
Road traffic accidents 58 (19)
Contusions and superficial injuries 33 (10)
Lower limb fractures 21 (7)
Neck and back injuries 20 (7)
Burns and scalds 18 (6)
Lacerations 15 (5)
Patellar dislocations 12 (4)
Falls 10 (3)
Drowning 8 (3) 

Total 197 
Head injuries 49 (25)
Road traffic accidents 36 (18)
Burns and scalds 25 (13)
Contusions and superficial injuries 16 (8)
Lower limb fractures 14 (7)
Neck and back injuries 10 (5)
Patellar dislocations 10 (5)
Lacerations 9 (5)
Falls 3 (2)
Drowning 3 (2)
Smoke inhalation 3 (2)
Upper limb fractures 3 (2)

P1 Non-trauma  
attendances

Total 2,141
Asthma and wheezing 461 (22)
Bronchiolitis 251 (12)
Fever including sepsis 246 (11)
Seizures including febrile fits 210 (10)
Lower respiratory infections 127 (6)
Vomiting including cyclical 111 (5)
Anaphylaxis and allergic reactions 87 (4)
Croup and stridor 49 (2)
Upper respiratory infections 48 (2)
Supraventricular tachycardia and cardiac arrhythmias 39 (2)

Total 1,233 
Asthma and wheezing 187 (15)
Fever including sepsis 168 (14)
Seizures including febrile fits 138 (11)
Bronchiolitis 90 (7)
Lower respiratory infections 88 (7)
Anaphylaxis and allergic reactions 73 (6)
Vomiting including cyclical 69 (6)
Upper respiratory infections 34 (3)
Supraventricular tachycardia and cardiac arrhythmias 34 (3)
Drug overdose and poisoning 24 (2)
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For the whole of 2019 there were 3 patients admitted 
to the intensive care unit (ICU) for Kawasaki disease 
shock syndrome, whereas from January–July 2020, 
4 patients were admitted to the ICU with Kawasaki  
disease shock syndrome, all of whom made an  
uneventful recovery. All 4 Kawasaki disease shock 
syndrome cases presenting in 2020 were tested for  
SARS-CoV-2 PCR on presentation (all negative) and  
one patient additionally had SARS-CoV-2 IgG serology 
testing 48 hours after presentation (negative). The 3 
Kawasaki shock patients who had only SARS-CoV-2  
PCR done presented in April 2020, before SARS-CoV-2 
IgG testing was routinely done.

DISCUSSION
Over the course of the 2020 COVID-19 pandemic,  
paediatric ED overall attendances decreased from  
January–July 2020 in line with successive “circuit 
breaker” public health measures, reached a nadir around 
April–May 2020, then gradually increased once circuit 
breaker measures were relaxed, albeit not reaching the 
previous 2019 baseline of around 450 daily attendances. 
The 2003 SARS outbreak reflected a similar trend in  
CE attendances; even after the SARS outbreak was  
over in July 2003, CE attendances took 2–3 months to  
return to a new baseline that was lower than pre-
SARS levels for the entire following year of 2004. CE  
attendances during the outbreak years of 2020 and  
2003 stand in contrast to the static pattern seen during  
their respective pre- and post-outbreak years, 2019 and  
2004. Several countries including the US, the UK, Italy 
and Ireland have likewise reported substantial decreases 
in paediatric emergency department visits during the 
COVID-19 pandemic compared to previous years.26-29  
At this point in the pandemic, there are emerging data 
from syndromic surveillance in the US and UK on the 
impact of national and state-level policies that have 
affected emergency department attendances.26,27 Across 
all age groups, the steepest reductions in ED visits in  
both these countries were in children below 14 years 
of age.26,27 Considering the changes in population  
healthcare-seeking behaviour, which differ between  
adult and paediatric patients, and the consequent  
potential for pandemic-related delayed presentation of 
life-threatening conditions in children, it is important to 
document our collective local paediatric acute healthcare 
experience from both SARS and COVID-19 pandemics. 
The intra-pandemic reductions in overall paediatric 
ED attendances, followed by a prolonged phase before 
reaching pre-pandemic levels, may have implications for 

future health services planning, subspecialty expertise  
and resource allocation.

Once the ED segregated patients into 3 adjacent,  
physically separate risk-stratified areas from February  
2020 onwards,24 the high-risk area registered a spike in 
“suspect” attendances in March 2020, corresponding  
to the initial surge in COVID-19 swab testing of 
asymptomatic paediatric close contacts of confirmed 
COVID-19 cases; the number of “at-risk” attendances in 
the intermediate-risk area decreased; while the number  
of “clean” attendances in the low-risk area increased,  
before stabilising. This overall pattern of equilibration  
in the respective risk-stratified locations is likely due 
to progressive restrictions in population activities and 
movement reducing opportunities for the spread of 
other non-COVID-19 infectious diseases. Stratifying 
CE attendances by triage category (P1, P2 and P3) has  
shown that despite the ongoing COVID-19 pandemic in 
2020, the proportions of attendances by patient acuity  
have remained essentially unchanged from the previous  
year of 2019. Similar observations regarding patient  
acuity for paediatric ED attendances were made in  
Ireland.29 That the proportions of higher-acuity (P1 and  
P2) patients are the same in 2019 and 2020 suggests 
potentially life-threatening paediatric emergencies  
are still presenting to the ED in a timely manner, rather 
than delaying medical attention until the child is more 
unwell, as reported in Italy and the UK.28,30 Comparing 
P1 (highest acuity) attendances in 2019 versus 2020, the 
simultaneous increase in proportion of P1 burns/scalds 
patients and decrease in proportion of P1 respiratory-
related attendances are likely related to extended home 
confinement and social distancing. Taken together 
with the decreasing intermediate-risk area attendances  
(patients with fever or respiratory symptoms) over  
January–July 2020, these trends are consistent with  
data from the US and Ireland showing decreases in 
paediatric respiratory and viral-mediated illnesses  
during the pandemic.26,29 Given the increase in  
proportion of total CE attendances classified as trauma  
cases from 16% in January–July 2019 to 21% in  
January–July 2020, the nature of consults may have  
shifted in favour of trauma cases.

We initially hypothesised that both CE attendances  
and inpatient admissions would decrease through the  
first 5 months of 2020 and increase after circuit breaker 
measures were lifted; and that the proportion of  
admissions over CE attendances would continue to  
increase throughout 2020. These hypotheses have 
been borne out by 2020 data: the absolute number of 
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CE attendances and inpatient admissions decreased 
and increased in line with circuit breaker measures; 
while the proportion of hospital admissions to CE total  
attendances increased slightly. The 2003 SARS outbreak 
showed the same trend in CE total attendances, with 
the opposite trend in proportion of admissions to CE  
attendances decreasing slightly over the course of the 
outbreak. The differences in proportions of admissions  
may be due to changes in health-seeking behaviour, such 
as a relative willingness of most parents to seek urgent 
medical attention when children are unwell, coupled  
with reluctance to be admitted to hospital for fear of 
nosocomial infection during the outbreak.

In contrast to the experience in Europe and North 
America,7-9 our findings support preliminary data that  
no cases of MIS-C or Kawasaki disease have been  
observed in conjunction with paediatric COVID-19 
in Singapore or Asia thus far.10,11,31 The reasons for 
this geographical discrepancy have been postulated to 
include genetic variation of SARS-CoV-2 and major 
histocompatibility complex class 1 genes.11 In our  
institution, all paediatric patients with COVID-19 
have had a mild disease course, none requiring oxygen 
supplementation or intensive care.31 While it is possible 
that patients with atypical circulatory collapse may have 
had remote manifestations of COVID-19 presenting  
in the form of septic shock or systemic inflammatory 
response syndrome (SIRS), every attempt was made  
in our institution to identify potential cases of MIS-C  
by testing all septic shock and SIRS admissions to the 
ICU with SARS-CoV-2 PCR on presentation; testing  
all Kawasaki disease patients at the point of diagnosis 
with SARS-CoV-2 PCR and IgG serology; and  
instructing clinicians to test all patients meeting  
WHO MIS-C criteria for both SARS-CoV-2 PCR and  
IgG serology.

CONCLUSION
Nationwide public health measures adopted in  
Singapore have had an impact on paediatric ED  
attendances as well as hospital inpatient admissions, in 
the context of 2 separate worldwide emerging infectious 
disease outbreaks: SARS in 2003 and COVID-19 in  
2020. Considering the inherent limitations in comparing 
SARS and COVID-19, 2 different healthcare challenges 
with correspondingly different consequences, it is  
important to observe attendance patterns as circuit  
breaker measures are progressively relaxed to monitor 
for a sustained trend in the reduction of ED attendances, 
given the more protracted nature of the COVID-19  
outbreak versus SARS, and more stringent public health 

measures required to control spread of COVID-19 that 
may reduce infections due to behavioural changes in 
the population as a whole. Further studies are ongoing 
to evaluate the accuracy of triage criteria, ED resource 
utilisation, and epidemiology of emergency attendances  
and hospital admissions. These insights will inform 
upcoming workflows, processes and structural  
modifications to future-proof the paediatric ED for a  
post-COVID-19 era.
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