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Abstract
Background: After SARS outbreak, infectious control polices had been reformed in Taiwan, but there was no evidence to prove its
effectiveness. This study compared emergency department (ED) responses to the SARS and COVID-19 epidemics and investigate
how policy changes affect infection prevention.

Methods: A 2003 questionnaire regarding the responses of EDs to SARS was resent to EDs during the COVID-19 epidemic in 2020.
The use of personal protective equipment (PPE), implementation of infection control measures (ICMs), and di�culties in
performance were compared. Data collection included hospital level, different PPE types provided and ICMs implemented, timing
for using PPE and ICMs, and a di�culty rating scale for ICM implementation.

Results: In total, 100 EDs responded to the questionnaire in 2003 was reviewed and compared with 131 EDs in 2020. In COVID-19
epidemic, the use of basic PPEs and ICMs was mostly signi�cantly improved, but the percentage of preparedness in high grade
PPEs was still low. Quarantine of fever patients outside of EDs was less performed in small to medium sized hospitals (p=0.008
and 0.004). All of the additional ICMs were signi�cantly less implemented in local hospitals. The timing to use PPE and implement
ICMs were simultaneously and signi�cantly performed at early stage. Instituting a fever triage ward and restricting fever patient
admission became less necessary. The closure of EDs remained the most di�cult to perform in both outbreaks.

Conclusion: After the policy reforms, ED responses became earlier and more consistent. However, inadequate quarantine resources
at EDs in low- and middle-grade hospitals may lead to breaches in future epidemics.

Contributions To The Literature
Taiwan's success in preventing COVID-19 spread is obvious all over the world.

This study helps to �nd out the key to the success of frontline personnel in epidemic prevention form the perspective of emergency
department.

The crisis that may be encountered in the face of epidemic prevention was also noted in the study.

Introduction
Coronavirus disease 2019 (COVID-19) pandemic was the third major pandemic of the 21st century after severe acute respiratory
syndrome (SARS) and Middle East respiratory syndrome (MERS) pandemics. SARS coronavirus was transmitted by humans
through 26 countries, with more than 8000 people affected, in 2003[1]. MERS coronavirus was transmitted through 27 countries
and infected more than 2400 people beginning in 2012[2]. The COVID-19 pandemic has spread to more than 200 countries or areas
and transmitted to more than 20 million people in 2020[3].

It is indisputable that infectious diseases easily spread through the world carried by tourists and frequent commercial air travel.
Even if airports implement body temperature monitoring or inspection, blocking carriers who are asymptomatic remains di�cult.
Because of extensive business ties and large volume of travel between Taiwan and China, a pandemic occurring in China would be
expected to spread to Taiwan very early and easily. The �rst recorded SARS case occurred in China in mid-November 2002. The �rst
case in Taiwan was reported in early February 2003. COVID-19 was �rst noted in China in December 2019. The �rst con�rmed case
of COVID-19 in Taiwan was on January 21, 2020, carried by a Taiwanese woman who had been working in Wuhan, China. The
speed of the spread of contagious disease from China to Taiwan became faster and faster. In addition, COVID-19 is known to be
transmittable before the onset of symptoms, and most people do not have fever at the beginning of the disease[4,5,6]. The number
of tourists traveling between China and Taiwan before the outbreak of COVID-19 was greater than that at the time before the
outbreak of SARS. Therefore, researchers had predicted that Taiwan would be one of the countries most affected by COVID-19[7].

Patients choose to visit emergency departments (EDs) when they �rst develop epidemic-like illnesses, or ask for screening when
they are afraid of infection. In Taiwan, EDs not only provided 24/7 services but also had relatively good accessibility and short
waiting times[8]. Therefore, EDs played a critical role on the frontline of infection control in Taiwan, especially in the early stages of
the pandemic. Because asymptomatic carriers can visit any ED at any time, once an epidemic prevention breach occurs at EDs, the
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risk of a hospital or community outbreak is increased[9]. Even if the number of patients visiting EDs decreases during an outbreak,
EDs are still in danger without adequate protective equipment, consistent prevention policies, and synchronized infection control
measures (ICMs)[10].

Most papers have discussed the COVID-19 pandemic in terms of diagnosis, treatment, and ICMs. The differences in ED responses
to SARS and COVID are relatively few. Taiwan was severely affected by early outbreaks of both SARS and COVID-19. After the
painful experience of SARS, Taiwan made many changes to its anti-epidemic policies. However, whether these reforms are
achieving their aims has not been surveyed. The purpose of this study was to compare ED responses to the SARS and COVID-19
pandemics to survey the outcomes of these interventions. Analyzing the results of these changes may provide the insights into
pandemic control for the bene�t of the global community’s preparedness and response to future pandemics.

Methods
Questionnaire results acquired from ED administrators during the SARS and COVID-19 pandemics were compared. The
questionnaires were designed by ED experts after panel discussion and were approved by institutional review boards in 2003 and
2020. The overall contents of the questionnaires were similar and were designed to investigate epidemic prevention[11]. Data
collection included hospital levels, type of personal protective equipment (PPE) provided, ICM types implemented, timing for using
PPE and ICMs, and di�culty rating for ICM implementation.

Hospitals that provided 24/7 EDs were classi�ed into 3 levels: medical centers (level A) with more than 500 hospital beds, regional
hospitals (level B) with 200 to 499 beds, and local hospitals (level C) with fewer than 200 beds. Basic PPE consisted of head and
shoe coverings, goggles, face shields, gloves, aprons, disposable gowns, surgical masks, and N95 face-piece respirators. High-
grade PPE included powered P100/N100/FFP3 air-purifying respirators and full-body isolation suits. ICMs were classi�ed as basic
and additional. The basic ICMs were recommended by the Taiwan Centers for Disease Control (CDC), and additional ICMs
depended on the decisions of different hospital incident command systems. The epidemic period was divided into 2 stages. The
early stage was de�ned as the time from the �rst infected case announcement to the occurrence of the �rst mortality case, and the
late stage immediately followed the early stage. The di�culty of implementing ICMs at EDs was rated on a scale from mildly
di�cult (1 point) to very di�cult (5 points).

The association between categorical variables was analyzed using chi-square and Fisher’s exact tests. P values of <.05 were
considered signi�cant. The di�culty rating scale for implementation of ICMs was represented by median values.

Results
In Taiwan, 213 EDs were open 24/7 in 2003, whereas in 2020, 200 EDs were open 24/7. One hundred EDs responded to the
questionnaire (respondent rate = 46.9%) in 2003, and 131 EDs responded in 2020 (respondent rate = 65.5%). The increase in the
respondent rate was mainly contributed by level B hospitals.

Comparisons of the PPE supplied at different levels of ED are presented in Table 1, revealing that most of the basic PPE supply was
improved during COVID-19 compared with the SARS epidemic. This change was signi�cant in level B and level C EDs. The supply of
surgical masks and N95 masks was improved in level B EDs (P < .001). Regarding high-grade PPE, the P100/N100/FFP3 supply
was decreased in level A and B EDs during COVID-19. The supply of powered air-purifying respirators was increased at all levels of
hospital during COVID-19, but the percentages of supplies were still low, particularly at level B (from 7% to 26%) and C hospitals
(from 7% to 21%).

Comparisons of ICM implementation in different hospitals during SARS and COVID-19 are presented in Table 2. The
implementation of basic ICMs was 100% in level A EDs during the COVID-19 pandemic. The quarantine of fever patients outside
EDs was signi�cantly decreased in level B (P = .008) and C (P = .004) EDs. The percentage of fever patients quarantined in isolation
rooms was also decreased in level B (from 86% to 69%) and C (from 81% to 70%) EDs. Regarding additional ICMs, the
implementation of fever triage wards or restricted fever patient admission was signi�cantly decreased in level B and C EDs during
COVID-19. The measure of restricted patient transfer was signi�cantly decreased in level C EDs (from 54% to 21%). More level A
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EDs established screening teams (P = .036), but level C EDs decreased their implementation of this ICM (P = .004) during COVID-19.
The ratio of ED closure was decreased at all levels, particularly in level B and C EDs (P < .001) during COVID-19.

Table 3 displays the timing of responses at EDs by different hospital levels and types during the SARS and COVID-19 epidemics.
With respect to the timing of ED responses, the timing for using PPE and implementing ICMs were all started signi�cantly earlier for
all types and levels of ED.

The rating scale for ICMs for all EDs is presented in Figure 1, and reveals that additional ICMs were relatively di�cult to implement
compared with basic ICMs in both SARS and COVID-19 groups, except for the institution of isolation rooms at EDs. Establishing a
COVID-19 screening team and restricting patient transfers were less di�cult than during the SARS epidemic. However, instituting a
fever triage ward, restricting admission of patients with fever, and closing EDs became more di�cult during COVID-19.

Discussion
In a closely interconnected world, poor responses to infectious disease can lead to severe adverse effects for public health,
economic growth, tourism, business and industrial performance, and political and social stability. EDs are the frontlines of
infectious disease in medical care systems and thus are key locations for epidemic prevention. This is the �rst paper comparing ED
responses for SARS epidemic with those for COVID-19 epidemic. During the SARS outbreak in Taiwan, nearly 30% of cases were
health care workers (HCWs), and this high infection rate resulted in 7 hospital outbreaks and lockdowns. During a 5-month period
from early February to early July, there were 346 SARS cases and 73 (21.1%) deaths[12]. In addition, some of these HCWs were
sources of disease transmission. However, during 7 months of COVID-19 from late January to late August, there were 514 new
cases and 7 deaths (1.4%), of which 1% were HCWs; no hospitals were closed[13]. These differing results may be strongly
associated with reforms to epidemic prevention policies after the SARS outbreak.

Changes in PPE preparedness

During the SARS epidemic, a lack of alertness to infectious disease and basic PPE usage resulted in nosocomial infection and
community infections[14]. The Taiwan CDC learned from the SARS outbreak and reformed infection control policy stipulating that
hospitals should prepare at least 1 month of basic PPE. In addition, a hospital accreditation system would audit their performance.
The policy helped hospitals stay alert and maintain adequate basic PPE during normal periods. When the pandemic was
announced, basic PPE could be put into practice immediately. During the COVID-19 epidemic, this policy change was re�ected in the
signi�cant improvement in basic PPE use at all levels of ED, and especially in regional and local hospitals. However, preparing PPE
was still di�cult in some non–medical center hospitals. Furthermore, when the pandemic increased in severity and sustained, the
supply of basic PPE such as surgical masks or N95 masks may have become short. The continuous supply of adequate basic PPE
may have become a daunting challenge for all hospitals.

The need for high-grade PPE at EDs is still unclear. The coronavirus is predominantly transmitted by droplets but can become
aerosolized during aerosol-generating procedures[15]. EDs are places where high-level precautions must be taken against airborne
transmission because many critical patients require emergency intubation and respiratory therapies. A high level of respiratory
protection (above the level of N95 masks) is recommended for aerosol-generating procedures[16]. In this study, the preparedness of
high-grade PPE was increased at all levels of hospital during the COVID-19 pandemic, but the percentage was still low, especially in
small- to medium-level hospitals. Even in medical centers with a high preparedness of high-grade PPE, there were di�culties coping
with the large number of critical patients. This indicates that EDs in Taiwan still faced the risk of infection by airborne transmission.
Emergency physicians have published some designs for isolation in the literature during the COVID-19 pandemic[17,18]. This
phenomenon may re�ect that the provision of high-grade PPE in Taiwan may actually be insu�cient, such that physicians have
needed to design their own devices or no-contact methods to protect themselves[19]. The hospitals and government should
formulate a new policy to solve this problem as soon as possible.

Changes in ICM implementation

After the SARS outbreak, the Taiwan CDC changed some ICMs including encouraging the establishment of isolation room at EDs,
recording TOCC (histories of travel, occupation, contact, and cluster) at ED triage, and providing masks free of charge for fever
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patients. Hospital infectious control teams were requested by the Taiwan Joint Commission on Hospital Accreditation to audit
performance. When the epidemic prevention alert was activated, all patients with TOCC were requested to be treated outside of ED.
Very early during the COVID-19 epidemic, the CDC ordered EDs to set up body temperature screening devices at entrances and to
restrict visitors[20,21]. The performance and cooperation of hospitals were effective. However, there were still di�culties in
implementing the quarantine of fever patients outside ED and establishing isolation rooms, especially in small- to medium-sized
hospitals, during both the SARS and COVID-19 epidemics. The main reason may be the di�culty of modifying ED spaces that are
also not su�ciently large to set up adequate isolation rooms. When there were patients who needed to lie in bed or required
resuscitation, the problem of insu�cient quarantine space became the largest challenge for EDs. Rapid polymerase chain reaction
(PCR) testing may help to reduce demand; however, when many suspected patients are rushed into EDs or the PCR tests are not
accurate or rapid enough, the prevention system may malfunction[22]. At such times, it may be recommended to transfer infected
patients into mobile cabin hospitals or specialized hospitals[23].

The implementation of additional ICMs is dependent on the considerations of different hospital administrators. The
implementation of separate fever triage wards and the restriction of admissions of fever patients were signi�cantly decreased in
small- to medium-sized hospitals during the COVID-19 epidemic, which may be because the COVID-19 virus was more quickly
identi�ed by PCR testing than was the SARS virus[24,25]. This could also explain the decreased percentages of inward restricted
patient transfers and outward suspected case transfers. For the next pandemic, the earlier in time that pathogen information and
identi�cation is released and applied, the more effectively additional ICMs can be chosen at EDs.

Changes in response timing

During the SARS epidemic, ambiguous information caused hospitals to worry about the epidemic’s effects on patient volume and
revenue, such that announcements regarding PPE usage and implementation of ICMs became slow and hesitant. With similar
reasoning to that of the hospital administrators, the government was concerned about social panic and economic consequences,
such that many ICMs became controversial. Advice from experts was suppressed, such that orders for basic PPE and ICM
implementation often began later than did the frontline HCWs themselves[26]. During the COVID-19 epidemic, not only was the
Central Epidemic Command Center (CECC) quickly established, but their orders were also consistent and powerful. After the
experience with SARS, the government provided bailout programs to the hospitals, and hospitals were more willing to cooperate
with the government's epidemic prevention polices. Financial backup from the government also increased the authority of the
CECC. During the COVID-19 epidemic, the ED responses at the early stages proved that effective commands from the CECC
underwritten by �nancial support to hospitals from the government were key for epidemic prevention.

Changes in ICM performance

The effectiveness of epidemic prevention responses in EDs mainly depends upon the provision of su�cient resources at the
hospital. The di�culties faced by EDs often re�ect hospitals’ administrative considerations and the availability of resources. The
closure of EDs may be one of the most effective ways to prevent HCWs from burning out and hospitals collapsing during a
pandemic[27,28]. However, this measure may collapse the medical care system, cause social panic, and violate patient rights, and
thus it was not a sensible or smart measure for preventing hospital outbreak.

Although the CECC does not support restricting inward or outward transfers of suspected patients, when the resources of the
hospital isolation room are insu�cient, these emergency response methods may be used. After the SARS outbreak, the CDC
supported many hospitals in different locations to establish quali�ed laboratories for reverse transcription–PCR testing, and
hospitals could therefore identify infected patients more quickly. The use of the isolation rooms became more accurate and the
pressure to set up a fever screening team or to restrict patient transfers was relatively reduced. This may explain why it was more
di�cult to restrict fever patient admissions than to implement fever screening wards. However, as mentioned, if too many infected
patients were identi�ed, EDs would be shut down immediately because of a lack of adequate isolation rooms.

Conclusion
Early, rapid, and effective responses to the COVID-19 epidemic at EDs prove that the policy reforms implemented after SARS have
so far been effective in Taiwan. Adequate PPE preparedness, effective ICM implementation, �nancial support from the government,
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and a powerful CECC were key to preventing outbreaks and minimizing social disruptions during the pandemic. However, some
hidden weaknesses were still present, including inadequate preparedness of high-grade PPE and incomplete implementation of
ICMs in small- and medium-sized private hospitals. These may become the weak points for epidemic prevention in next wave or
next pandemic.

Limitations
Our study has some limitations. First, some hospitals did not return questionnaires, perhaps because they did not meet the
standards required by the CECC, which caused bias. Second, speculations and explanations regarding the underlying reasons in the
results of the questionnaire may be imprecise.
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Personal protection
equipment(PPE)

Hospital level A p-
value

Hospital level B p-
value

Hospital level C p-
value

SARS

n=15(%)

COVID19

n=16 (%)

SARS

n=28(%)

COVID19

n=58(%)

SARS

n=57(%)

COVID19

n=57(%)

Basic PPEs                  

Head or shoe cover 13(87) 16(100) 0.225 25(89) 58(100) 0.011 52(91) 57(100) 0.022

Goggles 12(80) 16(100) 0.101 21(75) 57( 98) <0.001 46(81) 56( 98) 0.002

Face shield 15(100) 16(100) - 25(89) 58(100) 0.011 47(82) 57(100) <0.001

Gloves 14(93) 16(100) 0.293 24(86) 58(100) 0.003 55(96) 57(100) 0.153

Apron 11(73) 16(100) 0.026 22(79) 56( 97) 0.007 42(74) 52(91) 0.013

Disposable gown 10(67) 16(100) 0.011 25(89) 57( 98) 0.063 35(61) 55(96) <0.001

Surgical mask 10(67) 16(100) 0.011 17(61) 58(100) <0.001 38(67) 57(100) <0.001

N95 respiratory mask 12(80) 16(100) 0.059 23(82) 58(100) <0.001 56(98) 55(96) 0.558

High grade PPEs                  

P100/N100/FFP3 11(73)  7(44) 0.095 13(46) 17(29) 0.118 5(9)  6(11) 0.751

Powered air-purifying
respirator

6(40) 11(69) 0.108 2(7) 15(26) 0.041 4(7) 12(21) 0.031

 

TABLE 2. Comparisons of ICM implementation in different hospitals
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Infection control
measure(ICM)

Hospital level A p-
value

Hospital level B p-
value

Hospital level C p-
value

SARS

n=15(%)

COVID19

n=16(%)

SARS

n=28
(%)

COVID19

n=58 (%)

SARS

n=57
(%)

COVID19

n=57 (%)

Basic ICMs                  

Entrance body
temperature screen

15(100) 16(100) - 28(100) 58(100) - 57(100) 57(100) -

Visitors restriction 14(93) 16(100) 0.483 24(86) 58(100) 0.003 55(96) 53(93) 0.401

Quarantine of fever
patients outside of EDs

14(93) 16(100) 0.483 28(100) 45(78) 0.008 56(98) 47(82) 0.004

Quarantine fever patients
in isolation room

15(100) 16(100) - 24(86) 40(69) 0.095 46(81) 40(70) 0.191

Additional ICMs                  

Instituted fever triage
ward

11(73) 14(88) 0.394 22(79) 29(50) 0.011 38(67) 21(37) 0.001

Restricted fever patient
admission

13(87)  9(56) 0.062 21(75) 17(29) <0.001 52(91) 12(21) <0.001

Restricted patient transfer
in

 5(33)  4(25) 0.609  7(25) 11(19) 0.519 31(54) 16(28) 0.004

Suspected case-patients
transfer out

 4(27)  2(13) 0.318  9(32) 20(34) 0.829 43(75) 33(58) 0.046

Screening team  8(53) 14(88) 0.036 13(46) 32(55) 0.446 40(70) 25(44) 0.004

Closure of ED  3(20) 1( 6) 0.253  5(18) 0(0) <0.001 15(26) 0(0) <0.001

 

TABLE 3. Comparison of the response timing at EDs by different hospital levels and types

Hospital Timing of PPEs P
value

Timing of ICMs P
value

SARS(n=100)   COVID(n=131) SARS(n=100)   COVID(n=131)

Early(%) Late(%)   Early(%) Late(%) Early(%) Late(%)   Early(%) Late(%)

Level                        

A 4(4) 11(11)   16(12) 0(0) <0.001 3(3) 12(12)   15(12) 1(1) <0.001

B 2(2) 26(26)   47(36) 11(8) <0.001 8(8) 20(20)   46(35) 12(9) <0.001

C 14(14) 43(43)   49(38) 8(6) <0.001 24(24) 33(33)   36(27) 21(16) <0.039

Type                        

Public 2(2) 28(28)   46(35) 6(5) <0.001 10(10) 20(20)   46(35) 6(5) <0.001

Private 18(18) 52(52)   66(50) 13(10) <0.001 25(25) 45(45)   57(43) 22(17) <0.001
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Figure 1

Rating Sclae of ICM implementation (median)
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