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SUMMARY

Severe acute respiratory syndrome (SARS) struck Hong Kong bitterly in the spring of 2003,
infecting 1755 persons and claiming nearly 300 lives. The epidemic was introduced by travellers
from southern China, where the disease had originated. It started in late February and lasted
until early June. Two notable ‘super-spreading’ events were reported, one inside a teaching
hospital and the other in a private housing estate. Other than in the super-spreading events, the
infectivity in the community appeared to be low, and there were few, if any, asymptomatic or
subclinical infections. Health-care workers were at particular risk and accounted for 22 % of all
probable cases. The main modes of transmission were through droplet spread and close/direct
contacts, but situations conducive to aerosol generation appeared to be associated with higher

risk. Our review suggests that there are still many unknown factors concerning the mode of
transmission and environmental risk that need to be clarified.

INTRODUCTION

Severe acute respiratory syndrome (SARS) is the first
new infectious disease of the 21st century that has
attracted global attention. In an epidemic that affec-
ted many parts of the world, Hong Kong was the
hardest hit area. It had the highest incidence (attack)
rate, with 1755 probable cases [World Health Organ-
ization (WHO) definition] in a population of around
6-7 million, and a high case-fatality ratio of 17-:0%
(299 deaths in 1755 probable cases) [1].

A report from the Centers for Disease Control and
Prevention (CDC) placed Hong Kong in the limelight
of the international spread of the epidemic [2]. This
review of what is known and what is not known about
the epidemiology of SARS in Hong Kong will provide
guidance on the formulation of future preventive
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strategies. We shall first look at the distribution of the
SARS infections in time, place and person, and then
review the evidence for various risk factors and modes
of transmission.

Time, place and people distributions

The global epidemic is believed to have started in
Guangdong province of southern China as an out-
break of atypical pneumonia. Between mid-November
2002 and mid-January 2003, small outbreaks ap-
peared in several cities near Guangzhou, the provin-
cial capital. A seafood merchant, who travelled to one
of these cities (Zhongshan) in mid-January, was ad-
mitted to a major teaching hospital in Guangzhou
and sparked a major outbreak there in February 2003
[3]. The epidemic in Hong Kong was traceable to a
medical professor working in one of the teaching
hospitals in Guangzhou, who visited Hong Kong and
stayed in a hotel (Hotel X) on 21 February 2003 [2].
The outbreak in this hotel affected 12 hotel guests
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Fig. Epidemic curve of severe acute respiratory syndrome in Hong Kong by date of onset. (Source: SARS Expert Com-
mittee. SARS in Hong Kong: from experience to action — Report of the SARS Expert Committee, chapter 3. October 2003.)

(including 2 local guests) and was believed to have led
to the subsequent international spread of the disease.
A young Hong Kong resident, who visited a friend in
Hotel X in late February, contracted the disease and
subsequently gave rise to a large outbreak in the
Prince of Wales Hospital (PWH) where he was
treated. In the initial phase of the outbreak in the
PWH alone, more than 100 persons were affected, in-
cluding doctors, nurses, medical students, other hospi-
tal patients, visitors and their relatives [4]. The report
of a government investigation stated that one of the
affected patients in the PWH subsequently brought
the virus to Amoy Gardens, a private housing estate,
where it spread to approximately 300 residents [5].
The epidemic curve of SARS in Hong Kong by date
of symptom onset is shown in the Figure. Although
the epidemic was believed to have started with the
professor from China, several probable cases had
presented and been admitted into different Hong
Kong hospitals before that. Several peaks were seen in
the epidemic curves and are believed to be associated
with ‘super-spreading’ events. The first peak (9-10
March) corresponded to the likely common source
outbreak in the PWH. The highest peak (24-28
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March) resulted from the massive community out-
break that occurred in Amoy Gardens. After the peak
on 25 March, the epidemic curve began to decline and
there were no new cases reported after 11 June 2003.
However, a small peak in early April occurred about a
week after the peak admission of residents of Amoy
Gardens into other hospitals, suggesting the spread of
the disease inside these hospitals.

A substantial proportion of the infections occurred
inside public hospitals and the main occupational
groups affected were health-care workers; they ac-
counted for 22 % of all probable cases of SARS [6].
It was observed that the cases in the community
(excluding Amoy Gardens) tended to cluster around
locations of major public hospitals. There was no
clear gender preponderance and all age groups were
affected except for children who seemed to be less
commonly affected, or if infected had a minor illness
and better outcome with no mortality [7]. On the
other hand, older people could have atypical pres-
entations [8] and had a poorer outcome with high
mortality if they contracted the disease [9]. There was
no indication that other social demographic factors
were important except that medical doctors and
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nurses had a much higher risk compared to others.
There were also no data to suggest that genetics, nu-
tritional status, past health, or personal habits played
important roles in determining the risk of infection.

Characteristics of the infection

SARS has an incubation period of 2—16 days [4], with
a mean of 6-4 days [9] and a mode of 5 days (based on
data from hospital-acquired infections among in-
patients in the PWH outbreak and the Amoy Gardens
community outbreak). The incubation periods were
found to follow a y-distribution [9]. There was no
evidence that the route of transmission affected the
incubation period. The serial interval or generation
time was not well documented but appeared to be
longer than the incubation period in general. There
has also been a lack of good documentation of the
duration of infectivity. It appeared that SARS
patients were not infectious before the onset of
symptoms. The viral load peaked around 10 days
after symptom onset [10], and it could be assumed
that the peak infectivity also occurred around the
same time. Major presenting symptoms included
fever, influenza-like symptoms, chills, malaise, loss of
appetite, myalgia, cough and headache, but pres-
entations among elderly patients could be quite
mild or atypical [8]. Convalescent carriers have not
been identified and re-infection among convalescent
patients has not been documented, suggesting the
presence of some immunity. The lag time from symp-
tom onset to admission varied in the different phases
of the epidemic, being longer in the earlier part of the
epidemic (average 5-36 days between 26 February and
4 March) and shorter in the later part of the epidemic
(average 3-46 days between 9 and 15 April) [9].

The basic reproduction number, R, defined as the
average number of secondary cases generated by one
primary case in a susceptible population, was esti-
mated to be around 2-7 without any control measures.
This excluded the so-called ‘super-spreading’ events
[11]. Attack rates in community contacts of probable
SARS cases were low, estimated as 1-2% among
19386 family and social contacts under surveillance
and 2-4% among the subset of 1158 household con-
tacts on home confinement. The infectivity was fairly
low in the general community, but the pathogenicity
and virulence appeared to be very high, with only
a few reported cases of asymptomatic or subclinical
infection [12-14]. The secondary attack rates varied
markedly between different cases and settings. Only a
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small proportion of the symptomatic individuals were
infectious (i.e. infected other individuals).

One of the most intriguing characteristics of the
2003 SARS epidemic was the occurrence of ‘super-
spreading’ events (SSEs). A SSE referred to a large
cluster of infections in which one or more infected
individuals disproportionately infected many more
individuals than most other infected individuals. The
WHO attributed the super-spreading phenomenon to
the lack of stringent infection control measures in
hospitals during the early days of the epidemic [15],
but this could not explain some of the SSEs identified
so far, e.g. at Amoy Gardens in Hong Kong. At least
two separate SSEs were reported in the Hong Kong
epidemic [5, 16]. Additional undocumented SSEs
probably existed and it is estimated using mathemat-
ical models that approximately 70 % of the infections
were attributable to SSEs. SSEs need to be adequately
investigated to identify the common underlying fac-
tors for effective future prevention. These factors may
be associated with the agent (strain), the source (index
patient characteristics), the environment (hospital
and situational factors) and/or the host (character-
istics of the secondary cases). At least two strains of
SARS coronavirus were identified from patients in
Hong Kong [17] and it is possible that one or more
strains were particularly infectious. All probable
SARS cases in Hong Kong were believed to result
from human-to-human transmission and no animal
reservoirs or insect vector were thought to have
played any role, though human-to-human trans-
mission did appear to occur through sewerage or
some other vehicles in nature. Certain characteristics
of the source patient, such as disease severity, virus
load, immunodeficiency, atypical presentations, etc.,
might modify the probability of causing secondary
infections. Environmental factors, such as proximity
of contact, ventilation and procedures involving
aerosolization, were also believed to play important
roles in the spread of the disease.

The survival of the SARS-associated coronavirus
(SARS Co-V) in different mediums and under differ-
ent conditions has been studied. The virus was stable
in faeces and urine at room temperature for at least 2
days and could survive up to 4 days in stools from
patients with diarrhoea because of its higher pH
compared to normal stool [18]. The SARS Co-V has
been isolated from stool on paper, a Formica surface
and a plastered wall after 36 h, from plastic and
stainless-steel surfaces after 72 h, and from a glass
slide after 96 h [18, 19]. Nothing much is known about
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the antigenic stability, but genetic mutations did
occur [17]. Despite the fairly long survival of the virus
outside the human body and the possible genetic
mutations, disinfection and infection control meas-
ures inside hospitals (including triage, isolation of
probable cases and cohorting suspected cases) and
public health interventions (surveillance, quarantine,
environmental decontamination, etc.) in the com-
munity eventually appeared to be effective in con-
trolling the epidemic.

Risk factors, environmental factors or conditions

Other than the inherent host factors mentioned
above, certain behavioural, environmental or situ-
ational factors could have contributed to infection
with SARS. Many of the behavioural factors reported
came from anecdotal reports and included rubbing
eyes and picking noses with contaminated hands.
Case-control studies among health-care workers (and
the general population) reported certain behavioural
risk/protective factors, such as hand washing and
wearing of personal protective clothing [20, 21], but
unfortunately the results from these studies could all
be explained by recall or reporting bias among cases.
Certain high-risk procedures inside hospitals have
been reported, including difficult intubations [22],
based on the observations of infections of health-care
workers after carrying out such procedures or on
theoretical grounds. Tomlinson & Cockram suggested
that the use of a nebulizer on a patient with SARS had
resulted in the major outbreak in the PWH [16].
However, it was documented later that a substantial
number of the infected cases were infected before a
nebulizer was used on the index patient [23]. It has
also been reported that the use of high flow-rate oxygen
masks resulted in health-care worker infections [24].
The variation in secondary attack rates in different
settings suggested that environmental factors might
be important. A cohort study among medical students
in the PWH outbreak suggested that the ventilation
system was important in dispersing the infectious
agent from an index patient [23]. Analysis of the co-
hort of patients exposed to the index case in the PWH
outbreak (carried out by one of the authors — .T.S.Y.)
also suggested involvement of the ventilation system.
Investigation of the Amoy Gardens outbreak implied
that the sewage system could act as a mechanical
amplifier for the viral source, and poor drainage design
and maintenance and the use of strong exhaust fans
inside toilets could help to draw the virus from the
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sewage stack back into the toilets and living areas [5].
Airflows, as determined by temperature, wind direction
and configuration of buildings appeared to be import-
ant in carrying the virus-laden aerosols to people stay-
ing at great distances from the primary source [25].

Most of the available evidence on risk factors is
judged to be weak and somewhat indirect according
to the commonly accepted hierarchy of evidence. A
great deal of work needs to be carried out to separate
the essential risk factors from the superfluous ones
and to document the relative importance of each true
risk factor by estimating the population attributable
fraction under different settings — inside hospitals, in
the community, etc.

Modes of transmission

This is one of the most important aspects of SARS
infection and needs to be documented as soon as
possible if we are to develop rational and effective
prevention and control measures against a future re-
turn of SARS. There are only a limited number of
routes through which an outside agent (biological or
chemical) can get inside the human body: inhalation,
ingestion, injection or inoculation through the skin,
direct contact with the mucous membrane or skin and
vertical transmission from mother to foetus through
the placenta. There is no evidence that SARS could be
transmitted by injection through the skin or from
mother to foetus through the placenta [18]. It is also
most unlikely that the SARS Co-V could pass
through intact skin. There was no documentation of
transmission of the SARS Co-V by blood transfusion.
Although it was initially speculated that faecal-oral
transmission was probably responsible for the
mass outbreak in Amoy Gardens, this theory has been
largely dismissed by the WHO [18].

The respiratory tract and mucous membranes re-
main the most likely routes of SARS Co-V entry. The
source of the coronavirus for SARS infections in Hong
Kong was human SARS patients. The virus has been
identified in various body fluids and excretions, includ-
ing respiratory secretions (nasopharyngeal aspirates
and others), blood, urine and faeces. The virus could
potentially also be present in tears, saliva and vomi-
tus, and the latter could easily be contaminated by
respiratory secretions. There is no evidence to suggest
that the virus existed freely in the exhaled air or the
desquamated skin. Fomites —inanimate objects or
substances that are capable of transmitting infectious
organisms from one individual to another — could act
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as an indirect source. Infectious diseases can be
transmitted from the source to the recipients through
contact spread or a common vehicle (water or food),
or can be airborne or vector-borne. There is no evi-
dence to suggest that SARS transmission in Hong
Kong was water-, food- or vector-borne, although a
hypothesis on the role played by rats has been
advocated [26]. Contact spread could be effected
through droplets, direct contacts and indirect contacts
(fomites), and airborne spread could be through
droplet nuclei or virus-laden aerosols of an aero-
dynamic diameter of <5 um that could remain sus-
pended in air for a long period of time and inhaled.

Based on clustering of probable cases among close
contacts of index patients, it was generally believed
that the mode of transmission was mainly through
droplet and direct contacts. The evidence is however
at best indirect. Having to care for SARS patients and
the proximity of contacts have been used as indicators
to support transmission by droplet spread and direct
contact (through mucous membranes). However,
many probable cases of SARS infection contracted
inside hospitals did not have direct or close contact
(within 1 m or the range for spread through droplets)
with any SARS patient which suggested airborne
spread through virus-laden aerosols as a likely mode
[23]. Aerosol-generating procedures (use of nebulizer,
intubation, etc.) inside hospital have been implicated
in a number of nosocomial outbreaks [16, 22] and
provide further support for airborne spread. Indirect
contact through fomites was a distinct possibility due
to the long survival of SARS Co-V on inanimate
objects. The mass community outbreak in Amoy
Gardens, with more than 300 probable cases occur-
ring in several housing blocks tens of metres from one
another within a relatively short period of time, could
only be adequately explained by airborne spread [25].
As is the case for risk factors, the currently available
evidence on the mode of SARS Co-V transmission is
weak and indirect. Future laboratory studies will have
to be conducted to either confirm or refute different
modes of transmission.

Reservoirs

The last case of SARS in Hong Kong was reported on
11 June 2003. Will SARS return and cause another
epidemic in Hong Kong? For SARS to return will
need a source or the existence of a reservoir of the
SARS Co-V, and suitable environmental conditions
for transmission to occur. Studies conducted so far do
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not support the existence of a human reservoir in
Hong Kong[12]. Although viruses related to the SARS
Co-V have been isolated from wild animals, in par-
ticular the masked palm civet and the raccoon dog in
southern China [27], there is no evidence of a reservoir
in wild or domestic animals found locally in Hong
Kong. Introduction of a source from outside Hong
Kong is always a possibility, given its close proximity
to cities in southern China where the disease orig-
inated, and given its nature as an international city
with a large volume of travellers in and out of the
territory daily. The finding that SARS could be ac-
quired while travelling with symptomatic cases on
aircrafts [28] suggested that further efforts should be
made to reduce the risk of transmission on different
transport vehicles. Vigilance in preventing imported
cases must continue and the effectiveness of current
border control measures should be properly evaluated.

One must also not forget about the presence of a
potential local source—the laboratories that are
holding viable cultures of the SARS Co-V. The recent
laboratory-associated cases in Singapore and Taiwan
[29, 30] should have provided ample warning to our
researchers and laboratory workers. Most of the
population does not have immunity to the disease yet,
as the SARS epidemic was prevented from running its
natural course in Hong Kong by public health inter-
vention. The large number of susceptible subjects
would be a concern should SARS re-emerge, and
society should be prepared to take drastic public
health measures in order to stop a new infection turn-
ing into another epidemic. The recent confirmed case
of SARS in Guangzhou [31] should ring an alarm and
many questions regarding the source and reservoirs of
SARS remain to be answered.

In conclusion, SARS weighed heavily on Hong
Kong in 2003, and within a period of several months
claimed nearly 300 lives. Despite the huge efforts of
the medical profession and researchers, there remains
much about SARS that we do not know. Future re-
search must address important issues related to the
sources and reservoirs of the virus and also better
document the mode(s) of transmission and the im-
portant environmental risk factors. Only by doing
so can rational and effective preventive and control
measures be promulgated in the future.
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