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Middle East respiratory syndrome 
coronavirus: a review of the latest 

situation

Background

Middle East Respiratory Syndrome Coronavirus (MERS-CoV) 
was first isolated from the sputum of a 60-year-old Saudi man in Jed-
dah, Kingdom of Saudi Arabia (KSA), who presented with pneumonia 
complicated with renal failure, and subsequently died in September 
2012. In the same month, the virus was isolated in a 49-year-old male 
Qatari who developed respiratory symptoms and renal failure, and was 
transferred to the United Kingdom (UK) for intensive care manage-
ment. Genetic sequencing of the virus obtained from the second case 
was similar to the virus isolated from the first case. Thereafter, sporadic 
cases and clusters had been reported with epidemiological link to the 
Middle East. Subsequently, the World Health Organisation (WHO) ret-
rospectively identified the virus in specimens from two fatal cases who 
were part of an earlier cluster of 13 cases linked to a hospital in Zarqha 
City, Jordan in April 2012. 

Epidemiology

As of 16 August 2015, the WHO reported a total of 1,413 laboratory-
confirmed cases of infection with MERS-CoV, including at least 502 
deaths (35.6%) (Fig. 1). Most of the cases had occurred in the Middle 
East, with the KSA reporting close to 76% of the cases (Fig. 2). Of the 
cases that had been reported outside of the Middle East, all  had either 
recently travelled to the Middle East or had contact with a confirmed case 
or ill person who had returned from travel in the Middle East. There was a 
strong predominance of older males with co-morbidities (male : female sex 
ratio:1.94 : 1; median age: 49  years, age range: 9 months to 99 years) 1. 
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Figure 2
Geographical distribution of confirmed human cases of MERS-CoV infection

Source: WHO. Middle East respiratory syndrome coronavirus (MERS-CoV). Global map of countries with confirmed 
cases of MERS-CoV. Available at: http://www.who.int/emergencies/mers-cov/en/

Figure 1
Epidemic curve of laboratory-confirmed human cases of MERS-CoV infection  reported to WHO as of 

14 August 2015 (n = 1413)

Source: WHO. Middle East respiratory syndrome coronavirus (MERS-CoV). Epicurve of confirmed cases and deaths in Republic of Korea, 
China, Saudi Arabia and other countries. Available at: http://www.who.int/emergencies/mers-cov/new-global-rok-ksa-other-countries-
weekly-epicurve22015-08-14.png?ua=1
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Both the WHO and the Food and Agriculture 
Organisation of the United Nations (FAO) had noted 
that the occurrence of MERS-CoV cases seemed to 
follow a seasonal pattern, with surge in incidence 
observed in spring from the period from March-April 
onwards in 2013 and 2014, which coincided with the 
end of the calving season for camels in the KSA. In 
addition, the first known cases of MERS-CoV had also 
occurred between March and April 2012 in Jordan 2-4.

Although there was another slight surge in the 
number of cases from October-November in 2014 
after the high number of cases in spring had subsided, 
investigations revealed this surge to be due to nosoco-
mial outbreaks in Taif and Riyadh 5. Following the end 
of the second surge in 2014, the number of cases has 
been increasing since December 2014, suggesting an 
early start to the seasonal surge in 2015. The number 
of cases in 2015 peaked in February and declined 
gradually over the subsequent weeks. The expected 
surge during Mar-Apr 2015 did not occur, 

Clinical presentation, diagnosis and 
treatment

The clinical presentations of MERS-CoV infec-
tion ranged from asymptomatic infection to severe 
pneumonia with acute respiratory distress syndrome 
(ARDS), septic shock and multi-organ failure result-
ing in death. The median incubation period for human-
to-human secondary cases was estimated to be just 
over five days, but could be as long as two weeks.

The disease typically started with fever and 
cough, chills and rigours, sore throat, myalgia, short-
ness of breath, and arthralgia, followed by dyspnoea 
and rapid progression to pneumonia, often requiring 
ventilatory and other organ support. Up to one-third 

of patients also had gastrointestinal symptoms, such 
as abdominal pain, vomiting and diarrhoea. Other 
complications included respiratory and renal failures. 
Poor prognosis was associated with increasing age or 
co-morbidities. Secondary cases tended to present 
with milder disease compared with primary cases; 
many of the recently reported secondary cases had 
either mild infection, or were asymptomatic cases 
who tested positive for the infection.

Laboratory diagnosis using molecular testing 
[real-time reverse-transcription polymerase chain 
reaction (rRT-PCR) and nucleic acid sequencing] 
and serological testing are available for confirmation 
of infection.

As there is no specific drug or vaccine commer-
cially available, current treatment of cases is mainly 
supportive. In-vitro and animal model studies suggest 
the potential of convalescent plasma or other prepara-
tions of neutralizing antibodies, as well as interferons 
and protease inhibitors for treatment 6. However, more 
studies are needed. Novel and approved drugs are also 
noted to be undergoing screening to evaluate their 
anti-MERS-CoV activity in pre-clinical studies, be-
fore undergoing controlled testing in affected patients.

Virological characteristics 

MERS-CoV is a RNA virus belonging to the 
Coronavirinae subfamily of the Coronaviridae family 
viruses. Within the Coronavirinae subfamily, there 
are four generas: alphacoronavirus, betacoronavirus, 
deltacoronavirus and gammacoronavirus. Human 
coronaviruses including the endemic human coro-
naviruses (HCoV) OC43, 229E, HKU1, and NL63 
belong to the alphacoronavirus and betacoronavirus. 
Within the betacoronavirus genera, four monophyletic 
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lineages (A – D) were identified, of which the 2003 
SARS-CoV belonged to lineage B, while MERS-
CoV was grouped into lineage C together with bat 
coronaviruses BtCoV-HKU4 (found in Tylonycteris 
bats) and BtCoV-HKU5 (found in Pipistrellus bats). 
MERS-CoV is the first betacoronavirus lineage C 
member isolated from humans. Phylogenetic studies 
on different isolates from human cases in the KSA 
indicated that multiple distinct MERS-CoV genotypes 
existed, suggesting possible introduction from sepa-
rate zoonotic events. However, all sequences from 
human and camel samples related to this epidemic 
in the Middle East were closely related, and many 
were identical.

Animal-human transmission

The source of MERS-CoV and the mode of 
transmission have yet to be elucidated. However, the 
continued detection of new human MERS-CoV cases, 
the low estimated basic reproduction number of the 
infection (R0), and the detection of multiple distinct 
MERS-CoV genotypes, suggest the existence of a 
persistent possibly zoonotic source 7. There is growing 
evidence that bats are the original natural reservoir of 
MERS-CoV and the dromedary camels being a host 
species for transmission to humans.

Bats

Bats have been recognized as natural reservoirs 
of CoVs and may serve as direct or intermediate 
hosts for interspecies transmission of SARS-CoVs. 
Betacoronaviruses were also identified in bats with 
sequences that are similar to those in the MERS-CoV 
isolated from humans, supporting the hypothesis that 
they may be a natural reservoir for MERS-CoV. To 
date, the strongest direct evidence for this hypothesis 
is from a short fragment (182 nucleotides in length) of 

coronavirus sequence recovered from a faecal pellet 
sample from an individual Egyptian tomb bat col-
lected a short distance from the home and work loca-
tion of the index case-patient in Bisha, Western KSA 8. 
However, the European Centre for Disease Prevention 
and Control (ECDC) had commented that the findings 
should be interpreted with caution due to the small 
fragment size of the coronavirus sequence which lied 
within a conserved region of the genome, and the fact 
that the finding was made using a newly established 
assay (a WHO recommended assay yielded negative 
results) 9. The agency also pointed out that the coro-
navirus sequence was detected in a faecal pellet and 
not from the serum, throat swabs, or urine of bats, and 
hence, the positive findings could also have resulted 
from something that the bat had eaten; i.e. insects 
that had taken a blood meal from the true reservoir. 
Given that neither detection of MERS-CoV in bats 
nor contact of human MERS patients with bats have 
been reported, further studies are needed to elucidate 
the role for bats in human infection, as indirect contact 
(mediated through another intermediate animal vector 
or fomites) cannot be excluded.

Dromedary camels

Studies had reported the detection of the 
MERS-CoV and antibodies in various specimens 
from dromedary camels (Camelus dromedaries) in 
the Middle East (Iran, KSA, Jordan, UAE, Egypt, 
Kuwait, Qatar and Oman) and African region (Sudan, 
Somalia, Nigeria, Tunisia and Ethiopia, Kenya and 
Canary Islands). The present evidence suggests that 
camels in the Middle East, which originated from the 
Horn of Africa region, serve as a possible primary 
source of MERS-CoV infection in humans; serologi-
cal evidence of the early circulation of MERS-CoV 
in camels in the African region and the KSA dated 
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back to 1983 and 1992, respectively 10, 11. However, 
no autochthonous MERS-CoV infections in humans 
had been reported in the KSA till 2012 and in Africa 
to date, suggesting that there might have been silent 
transmission between camels and humans in these two 
regions for the past two decades, and the absence of 
cases in human could be due to poor surveillance; lack 
of awareness and diagnostic capability for the disease; 
or a recent mutation in the virus which facilitated its 
jump from camels (or other animals) to humans.

MERS-CoV infection in animals appears to 
be restricted to the dromedary camels in the Middle 
East and African Region. Studies thus far did not find 
evidence of MERS-CoV infection (acute and past) in 
the one-hump dromedary camels in the United States 
(U.S.), Canada and Australia 12, 13; the two-hump Bac-
trian camels (Camelus bactrianus) in Germany and 
Mongolia 14, 15; and in other animals such as goats, 
cows, water buffaloes, sheep, horses, donkeys, mules 
and chickens in the Middle East 11, 12, 16-18.

Several phylogenetic studies and genetic 
evidence had supported the plausibility of a role for 
camels in human infection and cross-species trans-
mission between camels and humans 19-21. High viral 
loads had been detected in nasal swabs, conjunctival 
swabs, rectal swabs, and milk from camels suggesting 
that droplet contact, fomite and food-borne transmis-
sion might be involved. A recent study published by 
Azhar EI et al. reported the isolation of the virus in 
an air sample collected in a camel barn implicated in 
a possible camel-to-human outbreak, highlighting the 
need for further investigation into possible airborne 
transmission of MERS-CoV 22. Even though MERS-
CoV virus or RNA has not been detected in camel 
urine to date, the detection of MERS-CoV in urine in 
human cases suggested that virus shedding in urine 

is plausible in camels. This, in turn, could be another 
potential source of food-borne transmission due to the 
occasional use of camel urine as a traditional medicine 
in Arabic culture 23. In a study in Qatar, 13% of lymph 
node samples taken at a camel slaughterhouse were 
positive for the virus, suggesting that camel meat 
might be another source of food-borne transmission 24.

Exposure to dromedary camels was found to 
be a risk factor in MERS-CoV infection. Serological 
surveys had found the seroprevalence of MERS-CoV 
to be higher in healthy camel-exposed individuals 
such as shepherds and slaughterhouse workers, as 
compared to the general population in the KSA and 
individuals without exposure to camels in Qatar 25, 

26. It was proposed that there was a risk of camel 
workers becoming infected with MERS-CoV, often 
without being diagnosed, and proceeding to introduce 
the virus to the general population, where the more 
severe cases would trigger testing for the virus and 
result in disease recognition. Notwithstanding these 
study findings, it was observed that only a minority of 
the primary cases reported from the KSA had docu-
mented camel contact; and other studies had shown an 
absence of MERS-CoV antibodies in camel abattoir 
workers in Egypt and the KSA 27-30.

Younger camels were postulated to play a 
particular role in zoonotic transmission since they 
seemed to be more frequently infected and shed 
more virus than older ones. In a study conducted in 
Dubai, United Arab Emirates (UAE), from March 
- June 2014, serological evidence of MERS-CoV 
infection was found in >96% of all dromedaries >2 
years of age 31. Seroprevalence among dromedaries 
calves (<1 year of age) was significantly lower but 
still exceeded 80%. In addition, RT-PCR testing and 
virus isolation of nasal swab specimens were only 
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successful among dromedaries <4 years of age (8.3% 
and 12.1% respectively), particularly in calves (35.3% 
and 13.6% respectively); while none of the adult 
dromedaries (>4 years of age) were found positive for 
the virus, suggesting increased infectivity of calves. 
The authors recommended that avoiding camels <2 
years of age and postponing separation of the calves 
from the mother until the calves were older could be 
effective in preventing or controlling the spread of 
the MERS-CoV infection to humans.

Human-human transmission

Person-to-person transmission of the virus 
has been documented in several human clusters as-
sociated with healthcare facilities, households and 
workplace. Nosocomial outbreak is a distinct hallmark 
in MERS-CoV transmission involving hospitalised 
patients, healthcare workers and close family con-
tacts in healthcare facilities in affected countries in 
the Middle East and in some countries where the 
disease had been exported to, the most recent being 
the Republic of Korea (ROK). Nosocomial transmis-
sion due to suboptimal infection control measures 
had been identified as one of the primary causes of 
an upsurge of cases in the Middle East during spring 
2013 in Al-Ahsa, KSA; and 2014 in Jeddah, KSA and 
Abu Dhabi, UAE 32. It was also a significant cause of 
the large outbreak  in the ROK in 2015, which had 
resulted from an imported case in a traveller returning 
from the Middle East.

As of 31 March 2015, an estimated 23% of 
the cases in the KSA were healthcare workers 33. 
Healthcare workers are at a high risk of MERS-CoV 
infection due to potential exposure to the virus from 
infected patients. In addition, healthcare workers 
could develop asymptomatic or mild disease, and 
unknowingly contribute to the propagation of noso-

comial outbreaks. In the large nosocomial outbreaks 
in Jeddah, KSA,  Abu Dhabi, UAE and ROK, where 
inadequate infection control was implicated, the pro-
portion of infected healthcare workers was as high as 
30.4%, more than two-thirds of all the cases, and 21%, 
respectively 34. Nonetheless, a study to understand the 
frequency of secondary transmission to healthcare 
workers in healthcare settings revealed that only 19 
out of 1695 (1.12%) healthcare workers contacts of 
confirmed cases in the KSA were tested positive, 
indicating a rather small overall risk of transmission 
to healthcare workers 35. 

In the SARS pandemic in 2003, it was observed 
that there was a variation in the ability of the cases to 
transmit the coronavirus infection to others with many 
cases not transmitting the disease at all, and a few cases 
who transmitted the infection efficiently to several oth-
ers, leading to the coining of the term ‘super-spreader’ 
36. A documented study on the 2013 hospital outbreak of 
MERS-CoV in Al-Ahsa which involved four healthcare 
facilities in the eastern province of the KSA, mapped out 
the transmission chain of the 23 confirmed cases and 11 
probable cases 37. The authors observed that the appar-
ent heterogeneity in transmission, with many infected 
patients not transmitting disease at all and one patient 
transmitting disease to seven others, was reminiscent 
of SARS. However, although epidemiological and 
phylogenetic analyses supported the presence of person-
to-person transmission, it was not possible to ascertain if 
there were single or multiple introductions from the com-
munity; the mode of transmission (respiratory droplet 
or direct/indirect contact); and if transmission occurred 
during the incubation phase or asymptomatic infection. 

Family clusters have been documented with 
evidence of secondary transmission to family mem-
bers (with transmission rates ranging from 1.3% to 
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4.3% of household contacts investigated), indicating 
low rate of transmission within households. Between 
1 December 2012 and 1 December 2013, a nationwide 
serological survey was conducted on serum samples 
collected from 10,009 healthy people from all 13 
provinces in the KSA, of which 15 samples (0.15%) 
were tested positive for MERS-CoV antibodies, indi-
cating low transmission in the community 25.

Thus far, the possibility of transmission from 
asymptomatic PCR-positive cases cannot be ex-
cluded, necessitating the need for close monitoring 
and investigation of all contacts, including asympto-
matic contacts. To date, there have been no reports of 
transmission between confirmed cases and their co-
passengers on board the same airplane. The imported 
case in ROK had resulted in subsequent transmission 
of the infection to 185 persons through four genera-
tions of transmission. In addition, through intensive 
investigation of the contacts of index cases, there were 
four human-to-human transmissions documented 
outside Middle East UK (2), France (1) and Tunisia 
(1)) 1, 38-41. Notwithstanding this, other investigations 
of family contacts and healthcare contacts of index-
cases in other non-Middle East countries with strong 
healthcare systems and established infection control 
practices such as Germany 42, Netherlands 43 and the 
U.S. 44, did not reveal any evidence of secondary 
MERS-CoV infection, supporting the hypothesis that 
human transmission of the infection can be effectively 
prevented with appropriate public health and infection 
control measures. 

To date, with the exception of exportation of 
seven Umrah-associated cases to non-Middle East 
countries [Algeria (2), Netherlands (2), Tunisia (2) 
and Malaysia (1)] 40, 43, 45, 46, none of the Hajj pilgrims 
(symptomatic and asymptomatic) who had travelled to 

the KSA and whose samples were collected, had tested 
positive for MERS-CoV. Majority of the pathogens 
detected in the respiratory samples of these individu-
als were seasonal influenza A(H1N1, H3N2) andB, 
rhinovirus and Streptococcus pneumoniae, while a 
minority of them were positive for adenoviruses, 
human coronavirus OC43/229E, enteroviruses and 
parainfluenza viruses 47-52.

WHO’s advice on interruption of 
MERS-CoV transmission

The WHO emphasised on the importance of in-
fection prevention and control measures to prevent the 
possible spread of MERS-CoV in healthcare facilities. 
Healthcare workers were advised to always apply stand-
ard precautions consistently with all patients, regardless 
of their diagnosis. Extra precautions should be exercised 
according to the clinical presentations and clinical 
procedures. Droplet precautions should be added to the 
standard precautions when providing care to patients 
with symptoms of acute respiratory infection; contact 
precautions and eye protection should be added when 
caring for probable or confirmed cases of MERS-CoV 
infection; and airborne precautions should be applied 
when performing aerosol- generating procedures.

High-risk group such as those with diabetes, 
renal failure and chronic lung disease, and who are 
immunocompromised should avoid close contact with 
animals, particularly camels, when visiting farms, 
markets, or barn areas where the virus is known to 
be potentially circulating. General hygiene measures, 
such as regular hand washing before and after touch-
ing animals and avoiding contact with sick animals, 
should be adhered to.

Food hygiene practices should be observed. 
Drinking raw camel milk or camel urine, or eating 
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meat that has not been properly cooked should be 
avoided, particularly for high-risk individuals. Sick 
animals should never be slaughtered for consump-
tion and dead animals should be safely buried or 
destroyed. Handling camels is also known to have 
an increased risk of infec tion with MERS-CoV. Until 
there is a better under standing of the specific modes of 
zoonotic transmis sion, it would be prudent for work-
ers on farms, in slaughter houses and markets, as well 
as veterinarians and those handling camels at racing 
facilities to practice good personal hygiene, including 
frequent hand washing after touching animals. They 
should wear facial protec tion where feasible and 
protective clothing, which should be removed after 
work and be washed daily 5.

The WHO currently does not advise special 
screening at points of entry nor recommend travel 
or trade restrictions to prevent international spread 
of MERS-CoV.

Risk assessment

According to the WHO’s assessment 53, the 
current understanding of MERS-CoV is that it is a 
zoonotic virus, which has entered the human popula-
tion in the Middle East on multiple occasions from 
direct or indirect contact with infected dromedary 
camels or camel-related products; the evidence link-
ing MERS-CoV transmission between camels to 
humans is irrefutable. Human-to-human transmission 

of the virus has been observed, and the majority of 
cases reported to date have resulted from nosocomial 
transmission. On the other hand, human-to-human 
transmission in households had been observed to a 
limited extent.

Until current gaps in knowledge are addressed, 
recurring episodes of zoonotic transmission from 
animals to humans and subsequent propagation to sec-
ondary cases, most significantly in hospital settings, 
followed by exportation of cases to other countries 
including Singapore can be expected. Current evi-
dence indicates that transmission is inefficient and 
is preventable with good infection control measures. 

To date, most of the cases have occurred in 
the Middle East with a few exported cases among 
travellers outside that region. Except for the outbreak 
in ROK, most of the exported cases were followed 
by limited secondary transmission in household or 
healthcare settings. In view of the presence of air 
traffic between Singapore and the affected areas in 
the Middle East, the importation of the MERS-CoV 
infection into Singapore is possible. The risk of seri-
ous public health impact to Singapore in the event 
of an imported case of the MERS-CoV infection 
would be mitigated by a strong healthcare system 
and established infection control practices in the lo-
cal healthcare settings. Thus far,  transmission seen 
in overseas cases is limited and there is no evidence 
of sustained community spread.

(Contributed by Public Health Intelligence Unit, Epidemiology & Disease Control Division, and Communicable Diseases Division, 
Ministry of Health)
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Notification

On 12 and 13 May 2015, the Ministry of Health 
(MOH) was alerted by the National Environmental 
Agency (NEA) of three separate incidents of food 
poisoning following consumption of food purchased 
from a food stall. The first notification from a clinic 
involved five colleagues who worked in a supermarket 
and another group of seven colleagues who worked 
in an eatery. These places of work were located in 

the vicinity of the implicated food stall. The second 
notification was anonymous and involved five col-
leagues; one of them was reportedly hospitalized. The 
third notification was from a member of public who 
revealed that he and two friends had consumed food 
from the implicated food stall.  In addition, one case 
of V. parahaemolyticus gastroenteritis was notified 
through the notifiable disease surveillance system on 
18 May 2015. This case was subsequently determined 
to be linked to the other incidents.

Outbreak of Vibrio parahaemolyticus food poisoning
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Epidemiological investigations

Epidemiological investigations were imme-
diately conducted by MOH based on established 
guidelines. A case was defined as a previously well 
individual who developed diarrhoea (≥2 times in 24 
hours) after consuming food served at the implicated 
stall between 11 and 12 May 2015. Cases were con-
tacted and personal and epidemiological data such as 
date and time of onset of illness, food items consumed 
in the last 3 days, and medical treatment sought were 
obtained. Attempts were made to collect stool samples 
from the cases.  

The implicated food premise was inspected and 
food remnants were collected for microbiological analy-
ses. Special attention was made on the whole process of 
food preparation to determine how contamination could 
have occurred.  Four implicated food handlers were 
referred to the National University Hospital referral 

laboratories, National University Hospital, for medical 
examination and stool screening of foodborne pathogens.  

Findings

Based on the case definition, a total of 20 cases 
comprising 17 (85.0%) Chinese and 3 (15.0%) Vietnam-
ese were identified. There were 15 females (75.0%) and 
5 males (25.0%). Based on the reported average of 100 
customers per day, the attack rate was 10.0%.

The clinical symptoms reported by the cases were 
diarrhoea (100.0%), abdominal pain (100.0%), vomiting 
(40.0%), fever (30.0%), and nausea (10.0%). Three cases 
(15.0%) were hospitalized, 13 (55.0%) sought outpatient 
treatment while the remaining four (30.0%) self-medi-
cated. The onset of illness was between 11 and 13 May 
2015 (Fig. 3). The median incubation period based on 
the interval between time of consumption and onset of 
illness was established to be 9.0 hours, while the mean 
incubation period was 10.9 hours (range 4 to 20 hours).
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stall, 11 May -12 May 2015
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12 of the cases (60.0%) reported consumption 
of Vietnamese rice roll, while five (25.0%) consumed 
a dish other than the rice roll. The remaining three 
cases (15.0%) could not recall the exact food item 
consumed. 

Microbiological findings

V. parahaemolyticus was isolated from the stool 
samples of two of the three hospitalized cases. One of 
the four food handlers referred for stool screening was 
tested positive for V. parahaemolyticus. The remain-
ing three food handlers tested negative for bacterial 
foodborne pathogens, norovirus and rotavirus. No V. 
parahaemolyticus was detected in the food samples 

taken from the stall. These samples were found to be 
bacteriologically satisfactory.

Further genetic analyses of the isolates carried 
out by the National Public Health Laboratory (NPHL) 
showed that all three V. parahaemolyticus isolates be-
longed to serotype O3:K6. Temporal and geographical 
isolates included in laboratory study as negative con-
trols were found to be of a different serotype, suggest-
ing that the common serotype among the cases was 
not a coincidental finding. Subsequent genotyping 
found that the isolates were of similar Multiple-Locus 
Variable number tandem repeat Analysis (MLVA) 
type (Fig. 4). This suggests clonal relatedness 1, i.e., 
similar source of contamination. Toxin gene analysis 

Figure 4
MLVA typing 1 showed three isolates investigated had similar pattern, which were 

different from MLVA patterns of the unrelated strains
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also revealed that all the isolates were positive for 
thermostable direct hemolysin (TDH) and negative 
for TDH-related hemolysin (TRH). TDH is a major 
virulence factor of V. parahaemolyticus 2,3.

Food preparation  

The implicated stall begun operation on 1 May 
2015.  It usually served around 100 customers a day. 
A joint field investigation was conducted with NEA 
and the Agri-Food and Veterinary Authority (AVA) at 
the stall on 13 May 2015. The following irregulari-
ties were observed: uncovered ‘popiah’ and ‘rojak’ 
ingredients exposed to flies; a variety of raw and 
cooked ingredients on plates stacked together; food 
containers left uncovered in the refrigerator; storage 
of raw food together with cooked food in the defrosted 
chest freezer; and braised meat left at ambient room 
temperature and covered by an ill-fitting mesh basket.  

One food handler was found to be unlicensed. 
The asymptomatic food handler who tested positive 
for V parahaemolyticus was responsible for process-
ing cooked food, such as peeling of cooked prawns.

As marine coastal environments are the natural 
habitat of V. parahaemolyticus, we focused on food 
preparation procedures involving seafood ingredients. 
Fresh raw prawns were bought each morning from a 
nearby supermarket or wet market. The prawns were 
brought to the stall at 1000hrs each day, washed in 
a plastic basket and then boiled. The cooked prawns 
were washed again in a basket. Subsequently, after 
peeling and slicing, the prawns were washed for the 
third time in a basket. The stall owners were unable 
to confirm if the same basket used to wash the raw 
prawns was reused repeatedly. Washing of other raw 
or cooked food ingredients could also have been 
carried out in the same basket. In between washing 

of food ingredients, the baskets might not have been 
properly cleaned.

Discussion

This is an outbreak of V. parahaemolyticus gas-
troenteritis, based on the identification of three viru-
lent, clonally related isolates from the stool samples, 
and the clinical signs and symptoms and incubation 
period 4 experienced by the affected individuals.

V. parahaemolyticus is a common cause of 
bacterial food poisoning and it is usually associated 
with consumption of raw or partially-cooked seafood 
or other foods cross-contaminated with raw seafood 4, 

5. It causes watery diarrhoea and abdominal cramps in 
majority of the cases. Other associated gastroenteritis 
symptoms include nausea, vomiting, fever and head-
ache. Typically, the disease has a mean incubation 
period of 15 hours (range from 4 to 96 hours) and is 
of moderate severity lasting from 1-7 days. V. para-
haemolyticus has an optimum growth rate at ambient 
room temperature, enabling rapid expansion of its 
population. The relatively rapid onset of illness among 
cases of this outbreak indicates ingestion of a sizable 
infective dose. One notable outbreak in Singapore 
linked to a popular ‘rojak’ stall occurred in 2009 6.

In this outbreak, majority of the cases had 
consumed Vietnamese rice roll, whose ingredients 
consisted of rice paper wrap, cut cucumber, cooked 
bean sprouts, braised pork, cooked and peeled prawns, 
and commercially bought prawn paste. However, it 
was noted that all affected individuals from the first 
notification had consumed fruit salad (consisted of cut 
apple, green mango, tulip, and cooked bean sprouts) 
and not Vietnamese rice roll. The only common in-
gredient identified among the meals consumed was 
bean sprouts. Our investigations indicated a likelihood 
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of cross-contamination between ready-to-serve food 
items and raw seafood ingredients during preparation.

A few possible sources of cross contamination 
were identified. First, the washing of prawns was 
carried out in the same sink as the other food items, 
and general sanitization of the sink was only done 
at the end of the day. Second, plastic baskets were 
not differentiated for raw or cooked food, and they 
might not be properly cleaned after each use. Third, 
poor storage of food, such as improper stacking in 
the refrigerator and freezer, with food exposed   at 
ambient room temperature. The cooked bean sprouts 
could have been cross-contaminated when placed 
in the same baskets for washing raw prawns, both 
before and after blanching. The cooked bean sprouts 
were also left exposed at ambient room temperature, 
which facilitated the growth of V. parahaemolyticus 
in contaminated cooked bean sprouts. 

Transmission was interrupted following 
voluntary cessation of sales of the Vietnamese rice 
roll. Although V. parahaemolyticus isolated from 
the foodhandler was clonally related to the strains 
isolated from two of the reported cases, she may 
not be responsible for the transmission of infection. 
Person-to-person transmission is uncommon as the 

infective dose of V. parahaemolyticus is high 7. It 
was highly probable that she could have acquired 
the infection from the implicated stall where she had 
her daily lunch.  

Food establishments should constantly remind 
their food handlers to take precautions against cross 
contamination, even when processed frozen seafood 
products are used. It may be prudent that food establish-
ments use frozen prawns instead of fresh prawns, as V. 
parahaemolyticus does not survive well with freezing 8. 
A study by the National University of Singapore found 
many other seafood products, although processed, 
were contaminated with V. parahaemolyticus 9. This 
highlights the need for constant vigilance by all food 
handlers against the compromise of food safety. 

Although we were not able to determine the full 
extent of this outbreak, this investigation underscores 
the importance of disease reporting by health care 
providers. Primary care physicians on the ground are 
the ‘eyes and ears’ of the health authority, helping to 
safeguard public health by reporting unusual trends 
and possible common exposures. Credit should be 
given to the primary care physician for the first noti-
fication as it had enabled rapid action in uncovering 
and controlling this outbreak.

(Contributed by Lee JJ1, Cui L2, Han HK1, Toh HY1, Raj P1, Koh HF1, Lai YQ1, Badaruddin H1 and Ooi PL1, Communicable Diseases 
Division, Ministry of Health1, National Public Health Laboratory2)
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Introduction

The most common type of acute infections 
occurs in the respiratory tract, and the impact on 
healthcare utilisation at primary and tertiary care level 
due to acute respiratory infections is considerable.1

In Singapore, upper respiratory tract infections 
(URTI) has been the top medical condition seen at 
polyclinics and general practitioner (GP) clinics 
based on the Primary Care Survey (PCS) conducted 
by the Ministry of Health (MOH) in 2005 and 2010, 
and constituted 25% of all diagnoses in both years.2 
Seasonal influenza was associated with 8.3 deaths 
per 100,000 population based on a modelling study 
which used influenza virological data from 2004 to 
2006.3 The overall influenza-associated hospitalisa-
tion rate per 100,000 person-years for pneumonia 
and influenza was 28.3 during 2004–2008 and 29.6 
during 2010–2012.4

The objective of this study is to quantify the 
disease burden of acute respiratory infections (ARI) 
in the Singapore resident population in 2010 using the 
disability-adjusted life year (DALY) methodology. 

Methods

The DALY model was endorsed by the World 
Health Organization (WHO) in 1996 as a methodol-
ogy to prioritise interventions in the healthcare sector 
based on their potential to reduce burden of disease.5 
In order to guide decisions on health policies and 
resource allocation, the Singapore Burden of Disease 
(SBoD) study was conducted once every three years 
in 20046, 2007 and 20107, which aimed to provide 
a comprehensive assessment of the health status of 
Singapore resident population.

DALYs is a measure of the associated burden 
caused by a disease outcome, and it is calculated as a 

Disease burden of acute respiratory infections in 
Singapore, 2010
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combination of years of life lost (YLL) due to prema-
ture mortality and equivalent years of “healthy” life 
lost due to ill health or disability (YLD). These indi-
cators provide a measure of the gap between current 
health status and an ideal situation in which everyone 
lives into old age without any disease or ill health.

ARI in the SBoD study comprises lower respira-
tory tract infections (LRTI), URTI and otitis media.7 
Estimates were generated using the incidence-based 
DALY approach based on episodes of LRTI (influenza, 
acute bronchitis and pneumonia) and URTI (acute 
nasopharyngitis, acute sinusitis and pharyngitis/tonsil-
litis) at polyclinics and GP clinics from the PCS 2010. 
In view of apparent inconsistencies in diagnosis coding 
between polyclinics and GP clinics, we redistributed 
the total attendances for LRTI and URTI recorded in 
the survey (other than influenza and acute nasopharyn-
gitis) to the specific respiratory conditions based on the 
distribution seen at GP clinics, since this was deemed 
more plausible than the distribution at polyclinics. 
We assumed that about 1% of those reported under 
other URTI were influenza and the remaining was 
attributed to acute nasopharyngitis. For pneumonia, 
further adjustment was done to take into account at-
tendances seen at the emergency department of public 
acute hospitals in 2010.

For LRTI and URTI, we used the same assump-
tions for disability and durations as in the 2003 Aus-
tralian study on burden of disease and injury (ABD)8. 
Global burden disease (GBD) duration estimates were 
halved to 3.5 days for acute bronchitis, and remained 
at one week for influenza and two weeks for pneumo-
nia. For acute nasopharyngitis, we applied an average 
duration of 1.5 days, and for tonsillitis/ pharyngitis 
and sinusitis, we used the GBD duration of 3.5 days. 
We applied the Australian derived weights from dis-

ability weight regression models for these conditions: 
influenza 0.047; acute bronchitis 0.132; pneumonia 
0.373; acute nasopharyngitis 0.014; tonsillitis and 
pharyngitis and sinusitis 0.061.

For otitis media, we modelled the following 
stages: acute infection, bilateral chronic infection, and 
life-long deafness. We estimated the overall incidence 
rate of acute episodes for each gender using data from 
the PCS 2010 but adopted the age specific incidence 
pattern observed in the 2003 ABD, as local experts 
had commented that the age distribution from the 
survey did not appear plausible. 

As we assumed that those with relatively low 
disability did not seek treatment, treated numbers were 
used for estimation of YLD. We assumed duration of 
one week and applied the Australian derived weight 
from disability weight regression model. We estimated 
the incidence of bilateral chronic infection using the 
ratio of acute infections to chronic infection episodes 
from the PCS 2010. We assumed an average duration of 
one year and used the Dutch weight for early acquired 
mild to moderate hearing loss of 0.11. Permanent deaf-
ness as a result of otitis media is very rare. Infections 
resulting in deafness were based on GBD assumptions 
for established market economies; it was assumed that 
5 in 100,000 episodes of acute otitis media among 
children aged 0-14 years resulted in lifelong deafness. 
We derived the duration using the Disease Modelling 
(DisMod) II software package 9, and used the Dutch 
weight of 0.233 for early acquired severe hearing loss.

Results

In 2010, the total burden of disease and injury 
resulting from premature mortality and disability was 
estimated at 399,675 DALYs (106 DALYs lost per 
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1,000 resident population). ARI constituted 2.8% of 
the total DALYs, and 58.0% of DALYs among com-
municable diseases burden (including infectious and 
parasitic diseases) (Table 1). 

In term of specific causes, LRTI (primarily 
pneumonia) was the greatest contributor of disease 
burden among all communicable diseases. It was 
ranked as the eighth and fourth leading causes of the 

total DALYs (2.8%) and YLL (5.9%), respectively. 
Among YLL of communicable diseases, LRTI con-
stituted the greatest share at 74.7%.

Overall, 91.0% of the disease burden from ARI 
was due to premature deaths (91.0%) rather than 
ill-health (9.0%). The proportion of YLL increased 
with older age (Fig. 5). In persons below 45 years of 
age, the disease burden was approximately equally 

Table 1
Disease burden due to ARI (DALYs, YLL and YLD) in 2010

Specific cause DALYs % of total 
DALYs YLL % of total 

 YLL YLD % of total 
YLD

ARI 11,831 3.0 10,770 5.9 1,060 0.5

   LRTI 11,328 2.8 10,748 5.9 580 0.3

   URTI 362 0.1 0 0 362 0.2

   Otitis media 139 0 22 0 117 0.1

Communicable diseases 20,401 5.1% 14,394 7.9% 6,006 2.8

Figure 5
Distribution (%) of YLL and YLD due to ARI by age group in 2010
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distributed between YLD (51.9%) and YLL. On the 
other hand, the disease burden in those aged 45 years 
and older was dominated by YLL (96.5%) due to the 
higher probability of dying from respiratory infections 
with increasing age.

About 8.3% of the disease burden from ARI 
was due to ill-health among men, compared to 9.6% 
among women. A comparison of the age-specific pro-
portions of YLD among DALYs by gender revealed 
that the greatest difference was in the age group of 
25-44 years; 35.9% in men versus 68.3% in women.

The age-specific rates of DALYs and YLL 
due to ARI per 1,000 resident population showed 
J-shaped patterns (Fig. 6); the rates were lowest rate 
in the age group of 15-24 years at 0.3 and 0.1, and 
increased exponentially to 45.6 and 44.7 in elderly 
persons aged 75 years and older, respectively. The 
age-specific proportion due to ARI among the total 
YLL also showed a J-shaped pattern, with a similar 
pattern mirrored in the corresponding proportion 
among the total DALYs (Fig. 6). Among elderly 
persons aged 75 years and older, ARI constituted the 
highest proportion of the total DALYs and YLL at 
8.0% and 12.4%, respectively. In comparison, ARI 
constituted 0.9% of the total DALYs in the age groups 
of 15-24 years and 25-44 years. ARI comprised the 
lowest proportion of YLL at 1.9% in the age group 
of 25-44 years, followed by 2.1% in the age group 
of 15-24 years. The age-specific rate of YLD due to 
ARI was highest in elderly persons aged 75 years and 
older, whereas the proportion was highest in those 
below 15 years of age.

The J-shaped pattern in the age-specific rates 
and proportion of DALYs and YLL due to ARI was 
observed for both men and women. Compared with 
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Figure 6
Age-specific rate of DALYs, YLL and YLD per 1,000 resident population and 

proportion (%) due to ARI in 2010

that of women, the rates in men were lower in those 
below 25 years of age and higher in the older age 
groups. The overall rates of DALYs and YLL due to 
ARI per 1,000 resident population was similar at 3.2 
for men and 3.1 for women.

ARI constituted 2.8% of the total DALYs 
among men compared with 3.1% among women. 
This gender-specific difference was due to the lower 
proportion of the total YLL due to ARI among men 
(5.2%) than among women (6.8%). ARI constituted 
0.5% of the total YLD for both men and women. In 
terms of specific causes of communicable diseases, 
the disease burden due to ARI was largest for both 
genders, accounting for approximately 53.3% of the 
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DALYs (9,999 DALYs) among men and 63.6% of 
DALYs among women (5,945 DALYs).

Comments

The J-shaped pattern observed for age-specific 
rates of DALYs and YLL due to ARI was also seen in 
influenza-associated hospitalisations for pneumonia 
and influenza.4 This reflects the considerable disease 
burden of ARI among vulnerable groups of elderly 
persons and young children in Singapore.

The average daily number of polyclinic at-
tendances and weekly number of emergency depart-
ment attendances due to ARI tend to increase in the 
beginning and just before the middle of the year.1 
These increases in attendances for ARI are usually 
accompanied by a corresponding rise in influenza 
positivity rate among outpatients with influenza-like 
illness in the community.10 Bimodal peaks of influenza 
activity are typically observed in the beginning and 
middle of the year based on MOH’s influenza virus 
surveillance programme.11

Our findings underscore the importance of 
continuous surveillance for ARI, and provide support-
ing evidence to guide public health policy priorities. 
In Singapore, vaccination against influenza is a key 
strategy for preventing or reducing respiratory virus 
infections. The MOH’s Expert Committee on Im-
munisation has recommended the use of influenza 
vaccine to protect vulnerable populations at higher 
risk for influenza-related complications, including 
persons aged 65 years and older, adults and children 
with chronic medical conditions, pregnant women, 
and children 6 months to below 5 years of age. 

The Health Promotion Board regularly rolls out 
educational campaigns to educate the public on the 
importance of influenza vaccinations, such as “Know 
how to fight flu”12 which included the recommenda-
tion of vaccination as one of the five ways to protect 
against influenza infection. Educational pamphlets 
(i.e. “Fight influenza”) are distributed in polyclinics 
and other healthcare institutions. These measures 
would raise awareness among the public and help to 
increase uptake of influenza vaccine in Singapore. 

(Reported by Ang LW, Ma S and James L, Epidemiology & Disease Control Division, Ministry of Health, Singapore)
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