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Overview

Singapore faced an unprecedented severe acute respira-

tory syndrome (SARS) crisis when a 22-year old

Singaporean was hospitalized on 1 March 2003 after she

returned from a holiday in Hong Kong [4]. Six days later,

she was admitted to medical intensive care unit (MICU).

She did well and was transferred to general ward on 11

March 2003. The World Health Organization (WHO) is-

sued a global health alert on 12 March 2003 on a severe

form of atypical pneumonia. On 16 March 2003, the dis-

ease was called SARS and was made a notifiable infec-

tious disease [5]. By then, she had already infected many

others.

In Singapore, we had 5 super-spreaders that resulted
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Singapore was the fifth most severely SARS (se-

vere acute respiratory syndrome) afflicted country

with 238 cases after China (5327), Hong Kong (1755),

Taiwan (346) and Canada (251) [1]. On 31 May 2003,

Singapore was declared SARS free by World Health

Organization (WHO). The last SARS patient was dis-

charged on 13 Jul 2003. The case fatality rate in

Singapore was 13.9% (33/238), which was comparable

to Canada 17.1%, Hong Kong 17.0%, Vietnam 12.7%,

Taiwan 10.7% and China 6.6%. The global case fa-

tality rate was 9.6% (774/8098).

In September 2003, Singapore reported the
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world’s first laboratory-acquired SARS case [2,3].

Fortunately, this patient did well and did not result in

any secondary cases.

This review chronicles the journey through the

SARS crisis in Singapore. It also interpolates the

emotional challenges faced by the healthcare work-

ers, an aspect that has not been well documented in

the literature. In addition, our experience from bat-

tling this SARS epidemic may provide useful infor-

mation to those who have to deal with such easily

transmissible and potentially fatal infection in fu-

ture.

in 121 secondary cases [6]. The outbreak lasted 11 weeks

with the last SARS patient having the onset of illness on

11 May 2003. The last SARS patient was discharged from

hospital on 13 Jul 2003. Thirty three (13.7%) out of a

total of 238 SARS patients died. Eighty four healthcare

workers were infected and 5 lost their lives [3,7].

In September 2003, a 27-year old medical researcher

acquired SARS in the laboratory as a result of accidental

contamination of West Nile virus samples with SARS

coronavirus [2]. This patient did well and did not result in

any transmission. This single isolated case highlighted

the importance of continued surveillance and strict ad-

herence to appropriate laboratory biosafety procedures

and practices.

National SARS ICU

After the first index patient, the next four cases were ad-

mitted to the MICU on 17 March 2003. All these 4 pa-

tients were contacts of the first index case; 2 were her

parents, 1 was a pastor who visited her and the fourth was
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a nursing staff who attended to her. Three patients were

in their 40s and one in his early 50s; they had been healthy

previously. We were really frightened because in our

minds, we knew that we could be that patient, in that bed.

On 22 March 2003, Tan Tock Seng Hospital (TTSH)

was designated as the only hospital for the isolation and

management of all SARS patients in Singapore [8]. TTSH,

with 1163 beds, was the second largest public hospital in

Singapore [9]. To prevent mixing of SARS and non-SARS

patients, we had to reorganize the 4 ICUs (medical, coro-

nary, surgical and neuro) into 2 ICU complexes. The

medical and coronary ICUs, located at level 6, were con-

verted to become the SARS ICU. The surgical and neuro-

ICUs, located at level 3, were re-organized for the care of

non-SARS patients [10]. I became the national SARS

ICU director, a 1-week belated birthday present that I

will never forget.

All the beds in the SARS ICU were housed in single

rooms, each with its own isolated air-conditioning sys-

tem. All these rooms were equipped with smoked-tested

negative pressure facilities to ensure no mixing of air

between patients’ rooms and the general working areas

[11].

We had 46 patients who required ICU care, repre-

senting about 20% of SARS patients treated at TTSH

[4]. The maximum number of SARS ICU patients we

had at any one time was 22. The reorganized SARS ICU

complex had a total capacity of 36. When the outbreak

started, we were not sure how many beds would be

needed. We were always worried about our capacity to

cope.

All the patients who were admitted to the SARS ICU

had acute respiratory failure; 95% had acute lung injury

(PaO2/FiO2 < 300) and 86% had acute respiratory dis-

tress syndrome (PaO2/FiO2 < 200) [4,11,12]. We also

noticed a significant incidence of thromboembolism, e.g.

deep vein thrombosis (23.9%) and pulmonary embolism

(15.2%) [4,11,13]. Such findings were also confirmed

on autopsies [12,14].

A multidisciplinary SARS Clinical Workgroup was

formed, comprising intensivists, infectious disease phy-

sicians, immunologist, hematologists, radiologist, respi-

ratory physicians and cardiologist. We did surveillance

screening using ultra-sound scan on the patients’ legs to

check for deep vein thrombosis. Anti-coagulation pro-

phylaxis was instituted unless contraindicated [11,15].

We also used corticosteroids alone or in combination with

immunoglobulin in an attempt to immunomodulate the

severe inflammatory damage in patients who were dete-

riorating clinically [11,16].

In Singapore, 75.6% (180/238) of SARS infection

was acquired in the hospital and nursing home settings

[17]. Hence, provision of personal protective equipment,

training in their use and ensuring compliance was a criti-

cal pillar in staff protection and welfare. This is espe-

cially important in a designated national SARS hospital.

Public Health Measures

The Infectious Disease Act was invoked on 24 March

2003 to quarantine for 10 days all contacts exposed to

SARS patients [8]. To safeguard public transport, a del-

egated ambulance service was available for patients who

had suspicion of SARS to fetch them to TTSH. All SARS

patients who recovered were also issued Home Quaran-

tine Orders for 14 days upon hospital discharge. About

8000 had been put under quarantine [6].

All healthcare staff had to check their temperature

thrice daily, before coming to work, mid-way at work,

and before going home. Temperature had to be moni-

tored even on off duty days. The temperature recordings

were submitted daily to the respective departmental head

or manager. The rationale was to pick up early cases and

prevent them from spreading SARS to fellow colleagues,

family members, friends and community [18]. Subse-

quently, daily temperature monitoring was extended to

all places in Singapore e.g. educational centers, private

and government offices, armed forces, factories, shop-

ping centers, food and transport establishments, hotels,

tourist attractions, etc.

To prevent transmission in the healthcare settings to

visitors, hospital visitation for in-patients was suspended

on 24 March 2003 for our designated SARS hospital [18].

This rule was extended to all hospitals on 29 April 2003

[19]. When the SARS situation improved, the no-visitor

rule for non-SARS patients was revised to 1-visitor on 1

June 2003. This was further relaxed on 15 August 2003

to allow 2 visitors from a list of 4 registered visitors per

patient per hospital [20]. The restriction on inter-hospital

movement of patients, except when the transferring hos-

pital did not have the expertise or facility to treat the pa-

tient, was lifted on 18 August 2003 [21].

Travel was responsible for the rapid global spread

of SARS. On 31 March 2003, Changi International

Airport implemented screening of all in-bound flights

from affected areas [18]. To prevent the import and

export of SARS, thermal imaging scanners and health

declaration were subsequently extended to all air, sea

and land immigration points. Temperature screening

of departing passengers at our immigration check

points was suspended on 25 July 2003 [22]. However,

inbound travelers still need to go through thermal im-

aging scanner.
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grateful to the volunteers who chose to work in the SARS

ICU, e.g. Head of Neurology Department, an ENT con-

sultant and a number of medical officers from TTSH.

There were also volunteers from other hospitals, e.g. an

anaesthetist and two nurses from Alexandra Hospital, and

eight nurses from the Singapore General Hospital.

One doctor told me, “At the end of the day, this is my

job; it is like a war, you don’t leave your colleagues to

fight it alone.”

Another nurse remarked, “I don’t kiss my child so

that others may continue to kiss their children.”

It was a very traumatic experience for healthcare pro-

fessionals during the crisis. They put their lives at risk

fighting a previously unknown enemy, yet they faced dis-

crimination from the public. One citizen wrote to the

Straits Times, the largest circulating English local news-

paper, “I read with tears in my eyes to see that you have

to make arrangements to stay elsewhere, get ostracized

by family, friends and society, are unable to show love

and care to your family members… Some of you even

have to sign on insurance policies, write a will, in case

anything happens. Only you will know how it feels to be

outcast by the very society that you’re serving.”

Counseling sessions were organized by the psychia-

trists and medical social workers for staff to share their

experience and support each other. Some of these sessions

were extremely heart rending as well as heart warming. A

few of the staff even broke down during the sharing.

Lonely death

We knew that dying from SARS was a very lonely affair

because of the need for strict isolation to prevent trans-

mission. Dr Scott Dowell, a WHO doctor who attended

to Dr Carlo Urbani in Bangkok, aptly said, “To be by

yourself in a strange country, in a room full of people in

spacesuits who cannot touch you…. That is not a good

way to die [23].”

Dr Urbani, 46, alerted the world to the new global

threat of SARS, after he was called to investigate an out-

break of pneumonia in Hanoi. He died of the same dis-

ease on 29 Mar 2003, 3 weeks after he arrived in Bangkok

for medical care.

Understandably, my wife was afraid for my life. She

was extremely worried that my immune system would

be overwhelmed due to sheer exhaustion from overwork

and continuous exposure to the SARS virus. She said, “I

do not want to live with the memory of a dead hero. I

would rather grow old together with an ordinary man.”

It was a very touching moment; we held each other’s

hands and tears welled up in our eyes. I explained gently

Fear and sacrifice

In the beginning of the outbreak, as it was a new disease,

no one knew whether the protective measures taken were

adequate to prevent infection. We adopted the highest

protection level within our means. This included the N95

mask for working in the wards and the powered air puri-

fying respirator when performing risky procedures such

as endotracheal intubation, cardiopulmonary resuscita-

tion or tracheostomy (Figure 1).

There was also no effective anti-viral therapy. Ev-

eryday when I came to work, it was like facing a poten-

tial death sentence. When I said goodbye to my wife ev-

ery morning, I was not sure whether that would be the

last time I would be seeing her.

The intense fear of the unknown and utter hopeless-

ness was eloquently expressed by the healthcare workers

in Hanoi, “We were locked up with the beast. We were

not playing with fire – the fire was playing with us. We

faced death. We play bridge with it, but it was not a vir-

tual partner.”

I was afraid that staff might refuse to come to work

or even resign. As director of SARS ICU, I had to lead by

example. However fearful I was inside, I had to hide my

fear behind the N95 mask. I had to inspire my team, so

that together, we could charge forward and win this mi-

crobiological battle. When the patient load in the MICU

increased and consultants were needed to go on night

duty, I rostered myself first. The ICU had to draw upon a

common pool of doctors from the departments of anes-

thesiology, respiratory medicine, general medicine, other

medical  specialties and surgical disciplines.

Naturally, many were apprehensive, but when they

were rostered to come in, they turned up. I was also very
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to her that I have chosen medicine as my vocation. In

good times or bad, I cannot turn my back on my respon-

sibilities, however dangerous, especially in the thick of

an unprecedented national crisis.

Many of us, including myself, are afraid to die. But

the sad fact was that we had to be prepared to die in the

course of our duty during this crisis. I could fully empa-

thize with Dr Vu Hoang Thu from Hanoi, “We were

scared. But we did not have a choice; we had to work, to

care for our colleagues. Those in good health saw others

fall sick and their health deteriorate. We cried a lot. But

we had to encourage them; and for some, lie to them,

about the progress of the illness. What we lived through,

it was like a war. Without force, without solidarity, we

would not have been able to get through it [24].”

If I was unfortunate to be infected by SARS, I did

not want to pass it on to family members. We stopped

attending family functions and meeting friends during

the outbreak. I also asked my wife to stay at her mother’s

house for the duration of the SARS outbreak in case I

came down with it. She flatly refused and said that I should

not have to return to an empty home. She was prepared

for the risk of contracting SARS if I had been infected.

High and low

Thankfully, things became better two weeks after recog-

nition of the syndrome and implementation of full pro-

tective measures. Not a single SARS ICU staff was in-

fected with SARS from 17 March 2003 [25]. It showed

that the protective measures worked. It was a very im-

portant and potent psychological antidote because it gave

us the first assurance that we were safe in our work envi-

ronment with our personal protective equipment.

Every morning when I opened my eyes, I would im-

mediately feel myself for fever before I checked my tem-

perature. It became a daily high for me to know that I

was afebrile and had no other symptoms of SARS. As an

added precaution, I slept in a separate room from my

wife and sat at a distance from her when we ate meals at

home. We waited anxiously for the SARS outbreak to be

over.

Twenty five (54.3%) of our 46 SARS ICU patients

died. Our most challenging patients were those who had

multiorgan dysfunction and required more than two

months of intensive care. All of us were very happy when

some of these patients made a turn for the better and sur-

vived, especially when at one point we thought we might

lose them. They made our high-risk job all the more re-

warding. Indeed, some of us even shed tears of joy when

we saw our patients transferred to the general ward.

My lowest moment was when a 27-year old cardiol-

ogy medical officer had cardio-respiratory arrest. He had

plans to get married soon. When I was informed about it

at around 11 p.m. on 28 March 2003, my heart sank and

I cried for help. I felt I had to go to the hospital to see if

there was anything at all I could do. My wife would not

allow me to drive alone to the hospital, as I was very tired

after completing night duty that day. She drove me there

and waited for me till 1 a.m. at the nearby deserted No-

vena Square Shopping Centre, all the time continuing to

pray.

A lot of his brain stem reflexes were absent. We knew

in our hearts that his prognosis was extremely poor. Our

morale was very low that night. All of us looked down,

speechless, on the floor of the SARS ICU. He passed

away subsequently on 7 April 2003. He was our first

healthcare staff who succumbed to SARS. The hospital’s

flag was flown at half mast the next day in his memory.

Out of the 238 SARS patients, we lost five healthcare

workers: two doctors, 1 nursing officer, 1 nursing aide

and 1 healthcare attendant. It was an especially painful

experience as well to see our colleagues fighting for their

lives. This reinforced my oft-held notion about life’s fra-

gility and the need for divine intervention in all our lives.

There was never a question of giving up the battle.

There was a very high level of cohesion, encouragement

and determination among the healthcare professionals to

give our utmost despite the high risks involved. If we

lost, it could spell great disaster for Singapore as well as

mankind. If we had given up earlier, we would not have

survived. We knew that we could not lose in the fight

against this scourge.

Singapore was declared SARS free by WHO on 31

May 2003. We were quietly jubilant as we were aware of

the recurrence of SARS in Toronto. Toronto was declared

SARS free on 14 May 2003. Twelve days later on 26

May, WHO returned Toronto to the “list of areas with

recent local transmission of SARS [26].” On 2 July 2003,

Toronto was declared SARS free, followed by Taiwan

(the last remaining country on the SARS list) on 5 July

2003.

Tributes to healthcare professionals

To close the chapter of Singapore’s battle with SARS, a

Commemoration Ceremony was held at the Botanic Gar-

dens on 22 July 2003. The candle-lit ceremony moved

many among the 4000 — including healthcare workers,

SARS survivors and next-of-kin of SARS casualties who

came to say their final goodbye — to tears. Our Prime

Minister, Mr. Goh Chok Tong, lauded the professional-
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