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Severe Acute Respiratory Syndrome (SARS) and the
GDP. Part I : Epidemiology, virology, pathology and
general health issues
R. W. K. Li1, K. W. C. Leung2, F. C. S. Sun3 and L. P. Samaranayake4

The health profession faces a new challenge with the emergence of a novel viral disease Severe Acute Respiratory Syndrome
(SARS), a form of atypical pneumonia caused by a coronavirus termed SARS-CoV. This highly infectious disease has spread
through 32 countries, infecting more than 8,400 patients with over 790 deaths in just over 6 months. Over one quarter of
those infected were unsuspecting healthcare workers. The major transmission mode of SARS-coronavirus appears to be
through droplet spread with other minor subsidiary modes of transmission such as close contact and fomites although air
borne transmission has not been ruled out. There is as yet no definitive treatment protocol. Although the peak period of the
outbreak is likely to have passed and the risk of SARS in the UK is therefore assessed to be low, the World Health Organisation
has asked all countries to remain vigilant lest SARS re-emerges. Recent laboratory acquired cases of SARS reported from
Taiwan and Beijing, China are a testimony to this risk. Until reliable diagnostic tests, vaccine and medications are available,
control of SARS outbreaks depends on close surveillance, early identification of index cases, quick isolation of carriers and
effective infection control and public health measures.
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INTRODUCTION
Yet another emerging disease is threaten-
ing to take a foothold on the global pop-
ulace. This novel disease entity, termed
Severe Acute Respiratory Syndrome
(SARS), is an atypical pneumonia that is
likely to have originated in the Guang-

dong province of Southern China in the
fall of 2002.1,2 As of August 2003 more
than 8,400 SARS cases and 916 deaths
have been reported worldwide from 32
countries.3 The brunt of the disease has
thus far been borne by the East, especially
China (including Hong Kong) and Singa-
pore whilst the West, except for Canada,
still remains relatively unscathed with
only sporadic infections brought home
by travellers to affected areas. During
this period the UK had a total of four
probable cases, one of which had a con-
firmed exposure to the SARS coron-
avirus. All four had fully recovered and
there was no secondary spread.4 The
World Health Organisation (WHO) has
announced recently that the peak period
of the outbreak is likely to have passed
and the associated dwindling in the mor-
bidity and mortality rates is a testimony
to this. In countries like the UK the risk of

SARS is therefore assessed to be low.
However, WHO has asked all countries to
remain vigilant. The Health Protection
Agency (HPA) of the UK also advised that
the situation in the UK may have to be
re-assessed if SARS does re-emerge.5

And indeed a confirmed case of SARS
coronavirus infection was reported in
Singapore as recently as September 2003
although the infection was transmitted
through laboratory contamination and
not via the community.6

We provide in Part I of this paper a brief
account of the epidemiology, virology and
clinical features of SARS, the general infec-
tion control measures and public health
concerns. Part II will provide a detailed
account of infection control measures that
may be applied in the general dental prac-
tice, especially in the SARS-affected areas.
There is a virtual explosion of knowledge
on SARS, the virus, the clinical features of

● SARS is a highly infectious and rapidly progressive form of atypical pneumonia caused by a
newly identified strain of coronavirus (SARS-CoV).

● Diagnosis is based on clinical findings, epidemiology and exclusion from other pneumonias
and is confirmed by a positive seroconversion. There is as yet no definitive treatment
protocol.

● Symptoms may be similar to other less infective or morbid diseases and over one quarter of
those affected have been unsuspecting healthcare workers. 

● HCW must be familiar with the clinical features and case definitions of SARS to assist in the
screening of the disease and prevention of spread.

● Surveillance for possible SARS is recommended and control of the epidemic depends on early
identification and isolation of carriers and effective infection control and public health
measures.
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the disease and its prevention. Hence the
readers are urged to keep current by peri-
odic referral to the websites at the Health
Protection Agency of the UK (http://
www.hpa.org.uk/infections/topics_az/SAR
S/), Centres for Disease Control and 
Prevention, USA  (http://www.cdc.gov/nci-
dod/sars/) and the World Health Organiza-
tion (http://www.who.int/en/).

THE DISEASE AND VIROLOGY
SARS is rapidly progressive and highly
infectious. Although less contagious than
influenza it is much more so than other cir-
culating viruses such as the human
immunodeficiency virus. In fact SARS is
the first severe and readily transmissible
new disease to emerge in the twenty-first
century. Most SARS infections occur after
close exposure to the index case as in
household contacts but casual social con-
tact may transmit the disease on occasions.
The spread amongst front line healthcare
workers (HCWs) has been one of the most
disconcerting aspects of SARS. Currently,
one quarter to one third infected are unsus-
pecting HCWs who fought to save the lives
of patients without adequate barrier pro-
tection.1,7 International travel through
major transportation hubs such as Hong
Kong and Singapore has facilitated the
spread of the disease to all corners of the
globe within a short time span.1,8

HPA definitions are given in Box 1.

THE VIRAL AETIOLOGY 
The disease is caused by a coronavirus
now termed the SARS coronavirus
(SARS-CoV) 9,10, a strain not previously
seen in humans (Fig. 1). Its unique genet-
ic composition has led to its categorisa-
tion into a separate group, for instance
from those that cause common cold in
humans and other, animal coronaviruses
(eg murine and avian). Structurally, it is
an enveloped, single stranded RNA
(80–100 nm) virus covered by spike-like
projections, resembling a crown, when
viewed electron microscopically, hence
its name.11 Although the genome organi-
zation of SARS-CoV is similar to that of
other coronaviruses, they are not closely
related.12

In one study RNA from the SARS-CoV
was found in half of the nasopharyngeal
specimens from SARS patients but in no
specimens from 40 patients with other res-
piratory illnesses.13 Rising antibody titres
to the virus were noted in all 32 SARS
patients from whom second serum speci-
mens were obtained. Viral RNA was found
in 10 of 18 faecal samples from SARS
patients. Further, a SARS-like disease has
been reproduced in monkeys through
inoculation of the SARS-CoV.10 Thus all of
Koch's postulates (see Box 2) have been
fulfilled with regard to the viral aetiology
of SARS. Finally, and remarkably, within a
short period of 3 months, the entire viral
genome has been sequenced and is freely
available for scientific use through the
worldwide web. 

MODE OF TRANSMISSION
The major transmission mode of SARS-
CoV appears to be through droplet spread
with other minor subsidiary modes of
transmission such as close contact, fomite
(an inanimate object which, when contam-
inated with a pathogen, can transfer the
pathogen to a host) or even faecal contami-

nation.1,7,14,15 Airborne transmission has
not been ruled out.16

SIGNS AND SYMPTOMS 1,2,7,17

There is an incubation period of usually 
2–10 days. The first symptoms are fever 
(> 38ºC) in 100% of patients and malaise (in
70%) followed by non-productive cough
(in nearly 100%) and dyspnoea (in 80%).
Chills, rigors, headache, malaise, diarrhoea
and myalgia are common whilst rhinor-
rhoea and sore throats are uncommon (in
fewer than 25%).

Radiological signs may be seen at the
onset of fever and chest radiographs reveal
consolidation that progressively increases
in size, predominantly in the lower lung
fields; pleural effusions are absent. Lung
biopsy reveals interstitial inflammation.
Oxygen saturation is reduced in some one
half of patients. Laboratory testing reveals
leukopaenia, lymhocytopaenia and throm-
bocytopaenia.

DIAGNOSIS AND TREATMENT
Specialist laboratories eg the Health Pro-
tection Agency (HPA) National Influenza
Reference Laboratory at Colindale per-
form diagnostic tests which detect the
virus (cell culture and reverse transcrip-
tase polymerase chain reaction, RT-PCR)
or antibody (immuno fluorescent antibody
and ELISA: enzyme-linked immunosor-
bent assays) (see Box 3 for diagnostic test
definitions).18 However, the duration of
detectable viraemia or viral shedding is
unknown, leading to false negative results
when samples are not taken at the right
time. Moreover, the collection of nasopha-
ryngeal aspirate (the specimen of choice)
induces reflex actions from the patients that
generate aerosols, that exposes the attend-
ing HCW to a high risk of infection.19

Paired serology, ie seroconversion,
obtained on day 1 and > 21 days after onset

Box 1 HPA definitions5

Close contacts are considered to be family,
friends or healthcare workers who lived with, or
who had direct contact with respiratory
secretions, body fluids and/or excretions 
(eg faeces) of possible or probable cases of SARS
(see later), while that case was symptomatic.

Healthcare workers include:
community/primary care teams, ambulance
staff, physiotherapists and other professional
support staff.

Box 2 Koch’s postulates

To establish a causal relationship between a
microorganism and an infection, Koch's
postulates must be fulfilled:

1. The microorganism must be detectable in the
infected host at every stage of the disease.

2. The microorganism must be isolated from the
diseased host and grown in pure culture.

3. When susceptible, healthy animals are
infected with pathogens from the pure
culture, the specific symptoms of the disease
must occur.

4. The microorganism must be re-isolated from
the diseased animal and correspond to the
original microorganism in pure culture.

Fig. 1 Transmission
electron micrograph
of the SARS-CoV
grown in fetal
Rhesus kidney 4
(FRHK) cells showing
a secretory vesicle
containing
numerous 70-100
nm virus particles
(Courtesy Dr John
Nicholls,
Department of
Pathology, University
of Hong Kong, Hong
Kong)
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of symptoms, is considered by WHO and
HPA to be the diagnostic gold standard20

but it is only useful for confirmation of the
diagnosis (or exclusion of the diagnosis if
negative) and not for screening purposes.
Diagnosis is thus based on clinical find-
ings, epidemiology and exclusion from
other pneumonias and is confirmed by a
positive seroconversion.21,22 There is no
definitive treatment and empirical regimes
differ amongst countries and may include
the use of antibiotics, anti-virals and
steroids.1,23,24 Severe cases require
mechanical ventilation in intensive care
units.1,7 Several groups have reported
uncontrolled trials of antiviral (ribavirin)
and steroids, the efficacy of which has not
been resolved as yet. According to some,
delay in treatment beyond a window peri-
od of first 8 days of symptom onset is asso-
ciated with worse prognosis.  Fatality rate
ranges from below 1% in persons under 24
years of age to more than 50% in persons
over 65 years; The median fatality rate 
is 13%.25

Until reliable diagnostic tests, vaccine
and medications15,26 are available, surveil-
lance for possible SARS as recommended
by HPA5 and control of the epidemic
depends on early identification and isola-
tion of carriers (symptomatic or asympto-
matic), effective infection control and pub-
lic health measures. 

CASE DEFINITIONS
The case definitions provided by HPA5 are
in line with the WHO definitions:

Clinical case definition
A severe respiratory illness with a history
of fever ≥ 38oC: 
and symptom(s) of lower respiratory tract

illness (cough, difficulty breathing,
shortness of breath)

and radiographic evidence consistent with
pneumonia or respiratory distress
syndrome (RDS) 

and no alternative diagnosis to explain
the illness.

Possible case
A person fulfilling the clinical case defini-
tions and who, within 10 days of onset of
illness, has a history of travel to an area
classified by WHO as a potential zone of re-
emergence of SARS 

or
two or more healthcare workers/staff/
patients/visitors in (or linked to) the same
facility developing symptoms within the
same 10-day period.

Probable case
A possible case with preliminary laborato-
ry evidence of SARS-CoV infections based
on a single positive antibody test or PCR
for SARS-CoV

Confirmed case
A possible case with confirmed laborato-
ry findings based on repeat positive PCR
findings or seroconversion by ELISA or
IFA.

Identification of such cases should be
immediately reported to local and national
health authorities eg Health Protection
Agency, Communicable Disease Surveil-
lance Centre in the UK.

INFECTION CONTROL AND PUBLIC
HEALTH MEASURES
The mainstay of preventing SARS-CoV
infection in community and clinical set-
tings is to institute appropriate infection
control measures. 

We review below, in this context, the
available infection control measures and
the possible modification of these in view
of the SARS outbreak. Some of the guide-
lines described in Part 2 of this paper are
modifications that we had adopted at the
time of the SARS crisis. Hence the imple-
mentation of these is necessarily dictated
by the disease prevalence and proximity in
various geographic areas, and should be
flexibly exercised. 

UNIVERSAL AND STANDARD
PRECAUTIONS
In 1985, the Centres for Disease Control
and Prevention (CDC) introduced the con-
cept of universal precautions whereby
human blood and certain body fluids (eg
saliva) are treated as if infective for blood-
borne pathogens. Because carriers of some
infections may not be readily identifiable
the same infection control procedure is
universally applied to all patients.27 The

philosophy, recommendations and proto-
cols are detailed elsewhere.28-30

In brief, these include measures to 
protect:

1. Healthcare workers from contracting the
disease from the patient directly (eg
screening, the use of personal protection,
immunization) or indirectly (eg frequent
hand washing, barrier technique).

2. Patients from cross-infection eg strict
instrument sterilisation and storage pro-
tocols, barrier technique, and delineation
of work areas.

3. Laboratory personnel by proper disinfec-
tions of all laboratory items and the
proper handling of biopsy specimens.

4. Immunocompromised patients who are
more susceptible to infections and are
particularly at risks from pathogens in
the dental unit waterline. 

5. General public by proper disposal of
clinical waste. 

Standard precautions
The concept of standard precautions, intro-
duced by the CDC in 1996, incorporates all
the features of universal precautions
against bloodborne pathogens (eg HIV,
hepatitis viruses). In addition it aims to pre-
vent the transmission of airborne and epi-
demiologically important pathogens such
as tuberculosis. As the SARS-CoV appears
mainly to spread through the airborne
route the prevention of contact and inhala-
tion of infectious droplet or air-borne par-
ticles and the use of standard precautions is
more appropriate.31,32 This is in agreement
with guidelines from the HPA, UK which
recommended that infection control meas-
ures against SARS be based on those taken
against respiratory infections such as
tuberculosis and influenza.33

The community infection control meas-
ures are listed in Box 4. Detailed communi-
ty infection control guidelines given by
HPA are available at http://www.hpa.org.uk
/infections/topics_az/SARS/primarycare.
htm 

Box 3 Definitions of RT-PCR, ELISA test and
IFA

RT-PCR (reverse transcriptase-polymerase
chain reaction)

It is a technique used to amplify RNA targets.
This technique is sensitive enough to enable
detection of RNA from a single cell.

ELISA test ( enzyme linked immunosorbent
assay)

Antibodies (to a specific antigen) are coupled
with an enzyme. When that specific antigen is
present and bound to the enzyme-coupled
Antibodies, a colour product is formed and
readily detected.

IFA (immuno fluorescent antibody)

It is a technique used to detect serum antibodies
and immune complexes. The antigen-antibody
complex is labelled with a fluorescent-
conjugated antibody and becomes detectable. 

Box 4 Community infection control
measures33,34

• Report cases to the health authority

• Wear personal protection equipment such as
surgical masks, disposable gloves, cover
gowns, goggles etc 

• Contaminated environment surfaces should
be cleaned with household bleach diluted 
1 in 100

• Avoid/minimize aerosol producing
procedures (see Part 2)

• Frequent hand wash

• Isolation and quarantine of possible, probable
and confirmed cases.
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CONCLUSION
The newly emerged SARS-CoV caused sig-
nificant morbidity and mortality in a rela-
tively short period of time especially in the
Asian region. Researchers worldwide are
striving hard to unravel the mystery of its
virology including the reservoirs of infec-
tion, pathology, modes of spread and final-
ly an effective vaccine. A definitive screen-
ing and treatment protocol for the
infection is yet to be determined. Until then
the public healthcare workers including the
dental professional must rely on preventive
measures, particularly screening and astute
infection control in the event of  its possi-
ble re-emergence. 

The implications of SARS for the gen-
eral dental practitioners will be discussed
in the second part of this paper. 
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