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Severe acute respiratory syndrome and other emerging severe
respiratory viral infections
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In the World Health Organization (WHO) updated list
of blue-print priority diseases, severe acute respiratory
syndrome (SARS) and Middle East respiratory syn-
drome (MERS) are included together with disease X,
which represents the concept that a pathogen currently
unknown to cause human disease may lead to a
serious international epidemic.1

SARS-coronavirus (SARS-CoV) first emerged in
November 2002 in Foshan, China, where many health-
care workers (HCW) became infected. On 21 February
2003, a 64-year-old male nephrologist from Guangdong
Province took the infection to Hong Kong (HK) where
the infection spread to 29 countries/regions within a
few weeks by 16 hotel guests and visitors who were
infected by the physician. The SARS-CoV international
outbreak finally ended in July 2003, with 8096 probable
cases and 774 deaths.2 A novel CoV, now classified as a
lineage B beta-CoV, was confirmed in March 2003 as
the causative agent responsible for SARS-CoV infec-
tion.3 A similar variant of SARS-CoV was detected in
palm civets in a wild-game animal market located in
Shenzhen, indicating that the interface of initial zoo-
notic transmission to humans were these markets. In
2005, CoV with a high degree of sequence similarity
with human or civet cat isolates were detected in Chi-
nese horseshoe bats,4 suggesting that bats were the
natural source of SARS-CoV.
SARS-CoV spreads predominantly via respiratory

droplets and contact with fomite2 but opportunistic air-
borne transmission is possible. Computer fluid dynam-
ics modelling suggested possible virus dispersion by
wind flow, causing long-range airborne transmission
(>200 m) to nearby buildings, infecting over 300 resi-
dents in a private residential complex in HK.5 The
mean incubation period of SARS-CoV infection was
4.6 days (95% CI: 3.8–5.8 days), whereas 95% of illness
onset was within 10 days. Peaking of nasopharyngeal
viral loads in an ‘inverted v’ shape on day 10 of illness6

was found to correspond temporally to peaking of the
extent of consolidation radiographically,7 and a maxi-
mal risk of nosocomial transmission, particularly to
HCW. A systematic review has identified four aerosol-
generating procedures that would increase the risk of
nosocomial SARS transmission to HCW, including tra-
cheal intubation, manual ventilation before intubation,
tracheotomy and non-invasive ventilation.8 Due to the
lack of prospective randomized, placebo-controlled
clinical trial (randomized controlled trial, RCT) data,
none of the therapies (ribavirin, protease inhibitors,
convalescent plasma and interferon) applied in 2003

for the treatment of SARS-CoV infection have well
proven benefit. Data from an RCT suggest that systemic
corticosteroids given early in the course of SARS-CoV
infection might prolong viraemia.9

Although no secondary spread occurred despite the
re-emergence of SARS involving laboratory personnel
in Singapore and Taiwan, and four community-
acquired cases in Guangdong, an outbreak is possible
if there is breach of laboratory biosecurity measures,
bioterrorism and emergence or mutation of other
SARS-like cluster of circulating CoV in bat populations.
MERS-CoV was first detected in September 2012

when a novel β-CoV was isolated from a male patient
who had died of severe pneumonia in Saudi Arabia in
June 2012. Globally, from September 2012 to the end of
2018, WHO has been informed of 2266 laboratory-
confirmed cases of MERS-CoV infection in 27 countries,
with at least 804 deaths.10 Bats are possibly the natural
reservoir of MERS-CoV. Dromedary camels are a major
source of zoonotic human infection as the virus has
been isolated widely from dromedary camels in the
Arabian Peninsula and across Africa. However, direct
camel exposure occurs only in a minority of MERS
human cases.11,12

The incubation period of MERS-CoV infection is over
5 days, but may be as long as 2 weeks (median: 5.2 days
(95% CI: 1.9–14.7)). MERS-CoV viral loads peaked dur-
ing the second week of illness, while patients can trans-
mit MERS-CoV from day 1 to day 11 of their illness
(median: 7 days; interquartile range (IQR): 5–8 days).13

Direct dromedary exposure in the fortnight before ill-
ness onset was strongly associated with primary MERS-
CoV infection, along with having diabetes mellitus or
heart disease, and current cigarette smoking, while
sleeping in an index patient’s room and touching respi-
ratory secretions from an index patient are risk factors
for household transmission. Nosocomial transmission
was common during 2013–2016 due to poor compli-
ance of HCW with appropriate personal protection
equipment (PPE) when assessing patients with febrile
respiratory illness, application of aerosol-generating
procedures, lack of proper isolation room facilities and
exposure of HCW patients and visitors to overcrowded
and contaminated healthcare facilities.14

The more feasible clinical trial options for MERS-
CoV infection include protease inhibitor (lopinavir/rito-
navir), interferon (IFN)-β1b, passive immunotherapy
with convalescent plasma or human monoclonal or
polyclonal antibody.12 In a study of 309 patients in
14 intensive care units (ICU) in Saudi Arabia, systemic
corticosteroid therapy was associated with delay in
MERS-CoV RNA clearance (adjusted hazard ratio (HR):
0.35; 95% CI: 0.17–0.72; P = 0.005).15
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Human cases of the highly pathogenic avian influ-
enza A(H5N1) were first detected in HK in 1997. As of
13 December 2018, there have been 454 deaths out
of 860 human cases in 16 countries since 2003. Some
of the A(H5N1) human cases have been linked to con-
sumption of raw, contaminated poultry blood. How-
ever, defeathering, slaughtering, handling carcasses of
infected poultry and preparing poultry for consumption
especially in household settings appear to be important
risk factors.16

There have been six seasonal epidemics of human
infections due to avian influenza A(H7N9) virus in
China since it was first discovered in March 2013, with
1567 laboratory-confirmed human cases and at least
615 deaths.17 Human cases of A(H7N9) infection have
been exported to HK (n = 21), Taiwan (n = 4), Macau
(n = 2), Canada (n = 2) and Malaysia (n = 1) in visitors
who developed illness after returning from the main-
land of China to their home cities but zoonotic trans-
mission has so far been confined to mainland China.
Following the introduction of a bivalent H7/H5 vacci-
nation of poultry in mainland China in October 2017,
only three human cases were detected from October
2017 to September 2018, with a corresponding reduc-
tion of A(H7N9) viruses detected in poultry and envi-
ronmental samples of A(H7N9) in China.18 Early
treatment of patients with avian influenza A (H5N1 or
H7N9) within 5 days from illness onset with a neur-
aminidase inhibitor can reduce mortality,16,19 while sys-
temic corticosteroids would increase mortality and
prolong viral shedding.16,20

Sporadic human cases with severe pneumonia due
to avian A(H5N6), A(H10N8) and A(H7N4) viruses have
also emerged in recent years. A(H5N1) viruses have
recently reassorted to generate A(H5N6) viruses with
zoonotic potential and A(H5N8) viruses which have
been carried by wild migratory birds to Europe and
North America without evidence of zoonotic disease
but leading to outbreaks in poultry. Although avian
A(H5N8) virus has so far not caused zoonotic disease,
its geographic dissemination and continued evolution
poses concern for human health.21

SARS-CoV, MERS-CoV and these emerging avian
influenza viruses are pandemic-prone and pose an
enormous public health threat. More research is
needed to guide public health measures for controlling
the interface of zoonotic transmission of these viruses
to humans. Early detection and isolation of patients
with these emerging severe acute respiratory infections
are most important to prevent spread of disease. There
is an urgent need for developing more effective anti-
viral agents and exploring immunomodulating thera-
pies for managing these severe respiratory
infections.21,22
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