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Summary Severe Acute Respiratory Syndrome (SARS) emerged recently as a new
infectious disease that was transmitted efficiently in the healthcare setting and
particularly affected healthcare workers (HCWs), patients and visitors. The
efficiency of transmission within healthcare facilities was recognised following
significant hospital outbreaks of SARS in Canada, China, Hong Kong, Singapore,
Taiwan and Vietnam.

The causative agent of SARS was identified as a novel coronavirus, the SARS
coronavirus. This was largely spread by direct or indirect contact with large
respiratory droplets, although airborne transmission has also been reported. High
infection rates among HCWs led initially to the theory that SARS was highly
contagious and the concept of ‘super-spreading events’. Such events illustrated that
lack of infection control (IC) measures or failure to comply with IC precautions could
lead to large-scale hospital outbreaks. SARS was eventually contained by the
stringent application of IC measures that limited exposure of HCWs to potentially
infectious individuals. As the ‘global village’ becomes smaller and other microbial
threats to health emerge, or re-emerge, there is an urgent need to develop a global
strategy for infection control in hospitals.

This paper provides an overview of the main IC practices employed during the 2003
SARS outbreak, including management measures, dedicated SARS hospitals, personal
protective equipment, isolation, handwashing, environmental decontamination,
education and training. The psychological and psychosocial impact on HCWs during
the outbreak are also discussed. Requirements for IC programmes in the post-SARS
period are proposed based on the major lessons learnt from the SARS outbreak.
Q 2005 The Royal Institute of Public Health. Published by Elsevier Ltd. All rights
reserved.
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Introduction

Severe acute respiratory syndrome (SARS) has
emerged recently as a new acute respiratory illness
that spread rapidly across the world resulting in
8096 cases and 774 deaths.1 During the 2003
Public Health (2006) 120, 8–14
Health. Published by Elsevier Ltd. All rights reserved.
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outbreak SARS was transmitted efficiently among
healthcare workers (HCWs), patients and hospital
visitors. Documented hospital outbreaks of SARS
occurred in Canada, China, Hong Kong, Singapore,
Taiwan and Vietnam and highlighted the weak
infection control (IC) infrastructure present in
healthcare facilities in resource rich and resource
poor areas.2–7 The morbidity and mortality seen in
HCWs as a result of SARS focused attention on IC
practices, including the use of personal protective
equipment (PPE), and the role of education and
training in the prevention of SARS. Indeed, one of
the major lessons learnt from the SARS outbreak
was that IC practices and programmes need
strengthening globally.

This paper summarises the main IC practices
employed during the 2003 SARS outbreak and
suggests requirements for IC programmes in the
post-SARS period. The content of this paper is based
upon personal observation and experience before,
during and after the SARS epidemic, a review of the
scientific literature, attending conferences and
meetings and discussions with colleagues directly
involved in efforts to contain SARS.

IC practices within the laboratory environment
are also an important issue particularly as a number
of laboratory-related incidents occurred following
containment of the initial outbreak. However, they
are not discussed in this paper.
Transmission

Before discussing the role of IC as a component of
the public health response to the containment
of SARS, it is necessary to have an understanding of
how SARS is transmitted.

The causative agent of SARS was identified as a
novel coronavirus, the SARS coronavirus (SARS-CoV)
.8,9 Epidemiological data indicate that the virus is
largely spread by direct or indirect contact with
respiratory droplets, airborne transmission has also
been reported.10,11 Initially, as a result of early
reports of high infection rates among HCWs, SARS
was thought to be highly contagious. This was
reinforced with the reporting of ‘super-spreading
events’.2,5,12–15 The concept of super-spreading
events has been proposed to explain incidents
where a SARS patient infects many more persons
than would be expected. Such events contributed
to large-scale nosocomial outbreaks and have been
attributed to the lack of stringent IC measures in
hospitals. However, this does not fully explain these
events and further research is required to under-
stand the underlying risk factors. Aerosol-
generating procedures have been associated with
increased risk of transmission through the aero-
solisation of virus-containing particles.16 In addition
patients with unrecognised SARS, particularly those
with atypical presentations were the source of a
number of nosocomial outbreaks.13,15

As the outbreak evolved SARS was shown to be
only moderately transmissible with an estimated
basic reproductive number of approximately
three.17,18 The basic reproductive number refers
to the average number of secondary cases gener-
ated by one primary case in a susceptible popu-
lation. For SARS this is much lower than for
influenza, and unlike influenza and other viral
respiratory diseases, SARS-CoV has a long incu-
bation period (up to 14 days), with the viral load
peaking during the second week of illness and
appearing to be highest in patients with more
severe disease.2 This may explain why transmission
has not been identified in asymptomatic patients or
after symptoms have resolved, and why trans-
mission mainly occurs in hospitals.
Infection control practices during the
SARS outbreak

The World Health Organization (WHO) coordinated
the global response to SARS and together with a
number of technical partners including the Global
Outbreak Alert and Response Network (GOARN)
provided support, including field teams, to health
authorities to combat SARS.19 WHO also established
a number of virtual networks which linked clin-
icians, epidemiologists, microbiologists, virolo-
gists, public health experts, IC practitioners and
others enabling the rapid exchange of data and
information.19 These discussion groups, particularly
those of the clinical network, helped fashion the IC
guidance provided by WHO on its website. Many
countries and regions employed WHO or other IC
guidelines directly, or modified them to suit local
circumstances.20

Early in the course of the epidemic hospital
outbreaks of SARS occurred in Canada, China, Hong
Kong, Singapore, Taiwan, and Vietnam.2–7 A total of
1706 cases of SARS occurred among HCWs and their
distribution varied by country.1 Major IC measures
implemented in hospitals to control the outbreak
included the following.
Management measures

These were implemented to prevent further trans-
mission of infection on the wards as well as in the
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outpatient setting and, to provide reassurance to
healthcare workers and the wider community.
Management measures included: closure of hospi-
tals; written policies for SARS IC practices; triage
screening; restriction of hospital visitors; limiting
non-essential contact between HCWs and patients;
closure of emergency departments (ED); and the
use of masks by HCWs, patients and hospital
visitors.5,21–25 However, despite IC policies being
made available during the SARS outbreak, direct
observation indicated that they were not applied
consistently.22,26
Dedicated SARS hospitals

In a number of areas that had major outbreaks of
SARS, one or more hospitals were designated to
manage SARS patients exclusively.22,27 Early on in
the outbreak this led to the inadvertent spread of
SARS as patients discharged to provide beds for
incoming suspect and probable SARS cases were
themselves incubating SARS and acted as ‘Trojan
horses’ carrying SARS-CoV with them and starting
nosocomial outbreaks elsewhere. It is unclear
whether the designation of a SARS hospital is an
effective method of controlling the spread of the
SARS-CoV. However, among the lessons learnt from
this was that patients should be isolated rather than
transferred to other hospitals.
Personal protective equipment

During the SARS outbreak experts were divided on
the adequacy of IC measures, types of PPE that
should be used and the need for protective eye-
wear. There were reports that masks, fit testing and
fit checking practices varied and did not always take
place.28 However, subsequent evidence has shown
that the use of a mask, either surgical or an N95
respirator (or equivalent), was protective
compared to no mask.28 It was also reported from
Toronto that SARS was less likely to develop if a
mask was used consistently with each patient
contact.29 This is supported by evidence from
Hong Kong which suggests that HCWs who used
complete precautionary measures were less likely
to become infected than those who omitted even
one precautionary measure.30 However, there is
evidence that some HCWs were infected with SARS
following exposure to aerosol- and droplet-gener-
ating procedures despite wearing full PPE (that is
N95 mask (or equivalent), gown, eye protection and
gloves).6,16,19,31 A number of reasons were pro-
posed for this including incomplete compliance
with infection control guidance such as removing
PPE unsafely, reuse of single use PPE, not having
masks correctly fitted prior to use and not using eye
protection. In contrast, a retrospective study
reported that 70% (72/102) of HCWs in the United
States who cared for SARS patients did not use
eye protection.32 Furthermore, no documented
transmission of SARS-CoV was reported, even
among those who had been within 3 feet of a
confirmed case.

Although it is generally agreed that the wide-
spread use of PPE was effective in controlling the
spread of SARS in the hospital environment, the
costs were prohibitive. In Singapore where routine
use of PPE was instituted early in the epidemic, it is
estimated that in the first 6 weeks of the epidemic
US$700 000 was spent on PPE alone.33 Furthermore,
inappropriate use of PPE and respirators resulted in
shortages and guidelines had to be developed to
prioritise those who should use respirators and
where they should be worn.22,33 This demonstrates
the importance of planning and preparedness,
particularly with regard to supplies of essential
equipment.
Isolation

Isolation refers to the separation and restricted
movement of ill persons who have a contagious
disease in order to prevent its transmission to
others.34 Isolation measures typically occur in a
hospital setting and may be applied to individuals or
larger groups to interrupt disease transmission.
During the SARS outbreak rapid identification and
isolation of SARS patients together with rapid
identification and management of contacts proved
to be highly effective in interrupting transmission.
However, isolation practices varied both between
and within countries. This was most likely due to
important variations in resources and IC practices.

WHO recommended that probable SARS patients
be placed in a negative pressure room, isolated in a
single room or cohorted in areas with independent
air circulation.35 In response to this a number of
countries and areas designated certain hospitals or
wards for SARS patients only. Others constructed
new isolation wards and rooms or carried out
extensive engineering modifications to existing
structures.22,36–38 Those lacking such facilities and
resources responded with innovative solutions.
Three examples were: hospital staff attempting to
create negative-pressure relative to hallways by
using fans and windows opening to the exterior; the
development of guidelines to enable the re-use of
respirators; and the erection of glass walls in
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hallways to create anterooms to patients’
rooms.7,22

Physical space separation

There is evidence indicating that the risk of
developing SARS was related to proximity to
a case.2,5,39,40 In one study a ‘Hierarchy of Risk’ was
developed which showed that the risk of infection
increased with proximity of contact, and that in the
absence of aerosol-generating procedures,
exposures !1 m from a case of SARS (with or without
contact) were those that posed the highest risk.2

These results suggest that physical separation of
SARS patients from HCWs, hospital visitors and other
patients should reduce the transmission of SARS.
Indeed, in many of the areas with a large number of
SARS cases several different measures were
implemented in order to do this. These included
the rapid identification and isolation of possible SARS
patients waiting in Emergency Departments; isolat-
ing potential SARS patients either individually or in
cohorts; designating lifts for use by potential SARS
cases only; and, using anterooms for the donning and
removal of PPE.3,7,22,23

Handwashing

Despite a number of studies demonstrating that
handwashing is effective in reducing the trans-
mission of pathogens, it is recognised that com-
pliance among HCWs is poor.41,42 Although there
have not been any formal evaluations of the impact
of handwashing on SARS-CoV transmission, recent
evidence indicates that HCWs who washed their
hands while caring for SARS patients were less likely
to develop SARS compared to those that did not.30

Environmental decontamination

SARS-CoV is present in all body fluids making
precautions with waste disposal essential. There is
also evidence of probable survival on inanimate
hospital surfaces for up to 72 h.11 The cleaning and
disinfection of environmental surfaces in hospitals
employing commonly used disinfectants is believed
to be effective against SARS-CoV.11 There is little
research evidence, however, regarding the effec-
tiveness of this practice in reducing hospital
transmission of SARS.

Education and training

The SARS outbreak has highlighted the importance
of educating and training all HCWs in complying
with all IC recommendations. Not understanding IC
training was associated with an increased risk of
SARS infection.28 Lack of ‘surge capacity’ in
hospitals, particularly those with large numbers of
infected HCWs, led to some of the following
measures: cross-training of staff in IC and
the recognition of potential SARS cases; reduction
in nurse-patient and doctor-patient ratios; and, the
implementation of shorter shifts and shorter work-
ing weeks.43,44 One of the positive effects of this
education and training was that it resulted in
positive behavioural changes regarding IC prac-
tices. The challenge is ensuring that these beha-
vioural changes are maintained.
Psychological and psychosocial impact

As a result of concern about transmission and the
uncertainties associated with SARS, HCWs experi-
enced anxiety, stress and poor morale. Other
negative effects of the SARS outbreak among
HCWs included: fear of infection; financial loss;
stigmatisation; changes to personal and family
lifestyle; caring for colleagues as patients; staff
refusing to care for or assist with the triaging of
SARS cases; concern for family and personal safety;
and, masks interfering with work, family and social
relationships.25,45,46Taken together these factors
would have contributed to increased stress levels, a
heightened sense of social isolation and a reduction
in effectiveness of healthcare provision, at a time
when meticulous attention to detail was most
needed.47,48

Despite the reported negative effects of SARS on
HCWs, a number of positive aspects were also
identified. These included: an increased awareness
of IC; identifying the SARS outbreak as a positive
learning experience; an increased sense of
togetherness and cooperation; and a greater
appreciation of life and work.45,46
Infection control in the post-SARS period

Although it is widely acknowledged that hospital IC
and prevention is an important issue, it is usually
given a low priority and focuses mainly on
physicians and nurses rather than all HCWs. Many
basic IC measures are not universally applied and
there are inequalities in the distribution of staff and
resources, both between and within countries.
However, common components have been ident-
ified which should be considered for inclusion in IC
strategies in the post-SARS period.
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At the national level there should be an IC
programme, which would provide healthcare facili-
ties with appropriate direction, guidance and
support in preventing the spread of infection in
healthcare facilities. This will ensure consistency of
approach.49 In those areas without existing legis-
lation to make IC and prevention interventions
mandatory, public health officials should promote
meetings with policy makers to lobby for legislation
to mandate that each hospital should have an IC
committee (ICC) with a specified core membership
and an appropriate IC infrastructure, including
resources. Functions of the hospital ICC should
include outbreak investigation, surveillance,
reviewing local epidemiological data, educating
staff, patients and visitors, developing and promot-
ing local guidelines and estimating resource needs.
The ICC should be multidisciplinary and include
nursing, medical, laboratory, public health, phar-
macy, occupational health, hospital management
and engineering representatives.

IC guidelines should be developed, revised and
updated regularly and compliance monitored and
reinforced as part of an IC strategy.50 Most will
require HCWs to comply with hand hygiene which is
the single most effective IC measure, they should
also emphasise the safe donning, removal and
disposal of PPE.51 It is recognised that HCWs work
within a wide range of financial, technological and
human resource constraints and that policies should
be adapted for local use employing locally available
infrastructure. The design of health care facilities is
therefore important and should support HCWs in
their implementation of IC procedures. IC prac-
titioners should be consulted when designing new
hospitals and when other hospital buildings are
being redesigned or renovated.52

Prompt diagnosis is critical for any effective IC
programme. This requires reliable and effective
methods of surveillance with early detection of
outbreaks and contact tracing in both the health-
care setting as well as in the community. As clinical
diagnosis may not always be sufficiently reliable,
rapid isolation and strict IC practices will need to be
applied. Also, given that the clustering of fever and
respiratory tract illness in HCWs was a feature of
SARS, clusters of infection among staff members
should be recognised and investigated.

Training of all HCWs in proper IC practices should
begin during the initial years of their professional
training and be regularly updated.53 All staff in a
health care facility should receive routine training
and reinforcement regarding IC practices as well as
targeted training when required for instance in
outbreak situations or after the introduction of a
new policy or intervention. This will provide ‘surge
capacity,’ as well as increased preparedness to deal
with unexpected outbreaks.

Attendance at regional and international training
courses and meetings should be promoted in order
to gain knowledge and establish links. Efforts should
be made to collaborate with existing networks
as well as establish and link national, regional
and global networks in order to conduct research,
coordinate activities, standardise practices, sup-
port educational activities and identify innovative
IC measures.

Advances in technology mean that most
countries have access to computer technology and
the Internet. These can greatly assist in IC
programmes in a variety of ways including surveil-
lance, communication, and distance learning.
Appropriate internal and external communication
channels are essential. ICCs will therefore need to
assess communication needs and capacity, and
establish protocols to communicate data and
information that will need to be reported during
an outbreak or similar major hospital-based
incident.

Quality improvement strategies, including the
use of evaluation, audit and research, should be
built-in to IC programmes. In addition, major
outbreak plans should be developed, tested and
regularly updated.
A window of opportunity

For many years IC has been considered a low priority
and as a result was addressed in a limited and
fragmented manner. Recent events such as the
SARS, Ebola and avian influenza outbreaks and the
continuing rise of healthcare associated infections,
such as methicillin-resistant Staphylococcus aureus
(MRSA), have challenged the international public
health community to apply the lessons learnt from
IC practices during the 2003 SARS outbreak on a
global basis. Indeed, international experts and
policy makers have gathered at regional consul-
tations supported by WHO and recommended that a
global strategy be developed for IC practices in
order to establish international minimum
standards.49

In the wake of SARS, IC has been provided with a
window of opportunity to revolutionise the way it is
viewed and ensure that in future it is considered as
a high priority. SARS has clearly demonstrated that
IC is not only about implementing and following
guidelines or knowing how to don and remove PPE.
It is also about surveillance, surge capacity,
information provision, consistent application of IC



The 2003 SARS outbreak and its impact on infection control practices 13
measures and an appropriate and adequate public
health infrastructure. Many of the IC measures
implemented during SARS are yet to be formally
evaluated. Nevertheless, the literature clearly
demonstrates that failure to implement appropri-
ate IC procedures and apply them consistently was
an important factor in the hospital transmission of
SARS. It is now upto IC practitioners to harness
momentum generated by SARS into actions that will
improve local, national and global infection control
infrastructure.
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