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Introduction: On 18 August 2014, cases of food poisoning in San Vicente Village were reported to the Event-Based 
Surveillance & Response Unit of the Philippine Department of Health. An investigation was conducted to identify the 
implicated source, describe the outbreak and evaluate the risk factors.

Methods: A case-control study was conducted. A suspected case was a previously well individual of Medina who attended 
the village festival and developed abdominal pain and vomiting with or without nausea, diarrhoea and fever from 18 to 19 
August. A confirmed case was a suspected case with a rectal swab positive for bacterial culture. Rectal swabs, water and 
food samples were sent to the national reference laboratories. Food  source and consumption interviews and environmental 
inspections were conducted.

Results: Sixty-four cases and 123 unmatched controls were identified. The median incubation period was 1 hour 15 
minutes. Five cases (8%) were positive for Staphylococcus aureus, one (2%) for Aeromonas hydrophilia and one (2%) 
for Shigella boydii. One (14%) water sample was positive for Aeromonas spp. Of the collected food samples, beef steak 
was positive for Staphylococcus aureus. Risk factors were consumption of Filipino-style beef stew (odds ratio [OR]: 6.62; 
95% confidence interval [CI]: 2.90–15.12) and stir-fried noodles (OR: 3.15; 95% CI: 1.52–6.50). Prolonged serving time 
and improper food storage were noted.

Discussion: In this foodborne outbreak, Staphylococcus aureus was the likely causative agent. Meals were contaminated 
due to improper food handling practices. We recommend that a policy be created to mandate that village-appointed food 
handlers undergo food safety training.

Staphylococcus aureus is a Gram-positive 
bacterium that is predominantly associated with 
food poisoning1 and causes one of the most 

common foodborne illnesses worldwide.2 About 25% of 
healthy people are carriers of Staphylococcus aureus. 
The bacterium is associated with skin, eye, nose or 
throat infections.3 The most common way for food to 
be contaminated by the bacteria is through contact with 
infected food handlers. Other food contamination sources 
are the equipment or surfaces on which food is prepared3 
and infected house flies.4 When food is contaminated, 
bacteria quickly multiply at room temperature and 
produce a fast acting enterotoxin5 that can cause nausea, 
abdominal pain, vomiting and diarrhoea.1

On 18 August 2014, the Event-Based Surveillance 
& Response Unit of the Philippine Department of Health 
received a report of food poisoning among villagers of San 

Vicente Village, a rural village in Medina, Misamis Oriental 
on the island of Mindanao. The village is subdivided into 
seven areas and has a total population of 978.6 Every 18 
August, the village celebrates its founding with a festival 
with free meals for all community members.

A team from the Philippines Field Epidemiology 
Training Program was deployed to conduct an epide-
miologic investigation to identify the implicated source, 
describe the outbreak and evaluate the risk factors.

METHODOLOGY

Epidemiologic investigation

A descriptive study was conducted by reviewing medical 
records of outpatients and inpatients at the local hospitals. 
A suspected case was defined as a previously well indi-
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RESULTS

Case-control study

All 64 cases (57 suspected and seven confirmed) and 
123 controls were included in the study. All cases and 
121 controls ate food served at the festival. Six out nine 
food handlers were included in the case-control study. 
One food handler did not meet the definition of case 
or control, and two others could not be located for the 
study. All of the interviewed food handlers fit the control 
definition. All of the individuals approached agreed to be 
involved in the study.

The first case manifested signs and symptoms in less 
than 15 minutes after ingestion of food. The number of 
subsequent cases peaked by 14:00. The median incubation 
period was 1 hour 15 minutes (range: 10 minutes to 16.98 
hours). No deaths were reported (Fig. 1). All cases had ab-
dominal pain and vomiting. Other symptoms reported were 
nausea (88%), diarrhoea (52%) and fever (16%). There 
were 40 (63%) female cases; ages ranged from 1 to 75 
years (median: 22 years, interquartile range: 7 to 38 years). 
The most affected age group was 21–35 years (25%).

Bivariate analysis revealed that consumption of 
Filipino-style beef stew (OR: 8.16, 95% CI: 3.77–17.66) 
and stir-fried noodles (OR: 2.38; 95% CI: 1.28–4.40) 
were risk factors for food poisoning (Table  1). After 
adjusting for demographics and exposure variables, con-
sumption of Filipino-style beef stew (OR: 6.62; 95% CI: 
2.90–15.12) and stir-fried noodles (OR: 3.15; 95% CI: 
1.52–6.50) remained statistically significant risk factors 
for food poisoning. On the contrary, consumption of pork 
humba (OR: 0.42; 95% CI: 0.20–0.89) and Filipino-
style pork stew (OR: 0.22; 95% CI: 0.06–0.83) were 
inversely associated with being a case.

Laboratory examinations

A rectal swab was collected from each of the 64 cases 
and 123 controls. Of the samples from cases, five (8%) 
were positive for Staphylococcus aureus, one for (2%) for 
Aeromonas hydrophilia and one (2%) for Shigella boydii. 
However, 45 (70%) of the cases were given antibiot-
ics before specimen collection. All controls showed no 
growth in the bacterial culture test. One out of the seven 
(14%) rectal swab cultures from food handlers was posi-
tive for Aeromonas sobria.

vidual of Medina, Misamis Occidental who attended the 
village festival and developed abdominal pain and vomiting 
with or without nausea, diarrhoea and fever from 18 to 
19 August 2014. A confirmed case was a suspected case 
with a positive rectal swab in bacterial culture.

An unmatched case-control study was conducted. 
Controls were individuals of Medina who attended the vil-
lage festival and did not develop any symptoms and were 
negative on bacterial stool cultures. Subjective sampling 
from suspected and confirmed patient lists was used 
to identify cases for the study. Controls were identified 
from the same household and/or nearby households of 
the cases. Cases and controls were interviewed using 
a standard questionnaire that included demographics, 
symptoms (except for controls), history of food consump-
tion within the past 24 hours, source of drinking-water, 
hygiene practices and other environmental factors.

Statistical analysis, including calculation of odds 
ratios (OR) and 95% confidence intervals (CI), was done 
using EpiInfo version 3.5.4 software. Significant bivariate 
analysis results were then tested by multivariable analysis.

Laboratory examinations

Rectal swabs were collected for culture and sensitivity 
testing from cases and controls including food handlers. 
Water samples from the water reservoir and communal 
faucets were collected for bacteriologic analysis. Both 
were sent to the national reference laboratories. Food 
samples were sent to the Food and Drug Administra-
tion Satellite Laboratory for Mindanao for bacteriologic 
analysis.

Environmental investigation

We visited the food handling and preparation area and 
water sources. We interviewed food handlers on the food 
production chain, food consumption history and presence 
of signs and symptoms.

Ethical approval

Ethics clearance was not required according to local 
regulations as this investigation was part of an emergency 
response to an outbreak. However, a signed consent was 
obtained before interviews and specimen collection.
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OR, odds ratio; CI, confidence interval.

* May have had more than one response.

Fig. 1.	 Distribution of foodborne illness cases by onset of illness (n  =  64), San Vicente Village, Medina, 
Misamis Oriental, Philippines, 18–19 August 2014

Table 1.	 Factors associated with staphylococcal foodborne illness cases, San Vicente Village, Medina, Misamis 
Oriental, Philippines, 18-19 August 2014

Factors Case n (%) Control n (%) Crude OR (95% CI) Adjusted OR (95% CI)

Sex

Male 24 (37) 63 (51)
0.57 (0.31–1.06) -

Female 40 (63) 60 (49)

Type of food consumed* 

Filipino-style beef stew 30 (47) 12 (10) 8.16 (3.77–17.66) 6.62 (2.90–15.12)

Stir-fried noodles 37 (58) 45 (37) 2.38 (1.28–4.40) 3.15 (1.52–6.50)

Beef innards stew 2 (3) 3 (2) 1.29 (0.11–11.60) -

Beef curry 7 (11) 11 (9) 1.25 (0.46–3.40) -

Pork curry 0 (0) 0 (0) - -

Rice 47 (73) 91 (74) 0.97 (0.49–1.93) -

Beef steak 33 (51) 80 (65) 0.57 (0.31–1.06) -

Pork humba 19 (30) 62 (50) 0.42 (0.22–0.79) 0.42 (0.20–0.89)

Filipino-style pork stew 3 (5) 27 (22) 0.17 (0.03–0.61) 0.22 (0.06–0.83)

Other factors 

Washed hands before eating 63 (98) 118 (96) 1.06 (0.09–11.90) -

Used both spoon and fork to eat 60 (94) 116 (94) 0.52 (0.09–2.89) -

Boiled drinking-water 25 (39) 70 (57) 0.49 (0.26–0.90) -

Washed hands after toilet use 62 (97) 119 (97) 0.26 (0.02–2.91) -

Consumed packed lunch 64 (100) 121 (98) - -

Drank from communal faucet 64 (100) 123 (100) - -
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minutes) and the symptoms manifested by cases suggest 
a Staphylococcus aureus enterotoxin poisoning. Staphy-
lococcus aureus was seen in the human specimens and 
food samples (beef steak); both consumption of Filipino-
style beef stew and stir-fried noodles were statistically 
most likely to be associated with the illness.

The issue of food safety practices by the food 
handlers played a part in this outbreak. The observed im-
proper food handling practices such as poor hand wash-
ing technique, prolonged serving time2,7 and improper 
temperature for food storage1,2,5,7 have been linked to 
staphylococcal foodborne outbreaks.

The isolation of Aeromonas hydrophilia and Shigella 
boydii in one of the cases could have been incidental 
to this outbreak. The typical incubation period of 12 to 
72 hours1 after ingestion of food contaminated by both 
bacteria does not coincide with the incubation period of 
the cases.

The Sanitation Code of the Philippines requires all 
food caterers, regardless of type and enterprise size, to 
secure sanitary permits and health certificates for all their 
employees before operation.8,9 This policy only covers 
licensed food establishments. However, most foodborne 
outbreaks in the Philippines occur in home settings and 
at events where the food handlers are not trained on food 
safety.10

One out of the eight (13%) water samples collected 
was found to be positive for Aeromonas species.

Beef steak and rice were the only leftover food sam-
ples collected. Bacterial culture revealed that the beef 
steak was positive for Staphylococcus aureus; the culture 
from the rice yielded no bacterial growth.

Environmental investigation

Seven out of the nine village-appointed food handlers 
were interviewed. All were asymptomatic. Food source 
investigation revealed that a cow and a pig were bought 
from a local farm, while the vegetables and commercially 
prepared seasonings came from a nearby market. Animals 
were slaughtered in an open space at the town hall by 
08:00 on 17 August 2014 (the day before consumption). 
Meat and entrails were butchered to desired cuts. Cooking 
of dishes started by 14:00 with beef dishes prepared first 
followed by the pork dishes. The cooking process ended 
by 22:30. Water from communal faucets was used to 
wash raw ingredients and for cooking. Cooked dishes were 
cooled in a separate room and covered with banana leaves.

Meals were packed between 22:45 on 17 August 
2014 and 06:00 the following day. Two varieties of 
dishes were packed in a “chorizo-like” manner where one 
plastic bag was used (Fig. 2). Packed meals were stored 
in either a plastic tray, carton box or empty rice sack at 
room temperature.

By 11:30, packed meals were distributed among 
villagers.

No food handlers wore aprons or hair nets during 
food preparation. They did not have formal food safety 
training, and proper hand hygiene was not observed. Flies 
were also claimed to be present during food preparation.

No chlorine residue was noted inside the water 
reservoir, and breakage in water distribution pipelines 
was seen.

DISCUSSION

The epidemiological evidence suggests that the most likely 
source of this foodborne outbreak was the consumption 
of contaminated packed meals served during the village 
festival. The short incubation period (median 1 hour 15 

Fig. 2.	 Packed meal
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This study has some limitations. First, we were not 
able to locate and test all the food handlers. Second, 
a majority of the cases were already treated with an-
tibiotics before stool collection. This may have contrib-
uted to low positivity rates in clinical specimens. Third, 
dose–response was not investigated. Fourth, there is the 
possibility of recall bias on the specific food exposure 
due to the retrospective nature of data finding. In spite of 
these limitations, we were able to identify the source of 
this outbreak from both the clinical and epidemiological 
results.

As a response to the outbreak, we recommended 
the reinforcement of the Sanitation Code of the Philip-
pines by municipal governments through the release of an 
ordinance mandating that village-appointed food handlers 
secure updated health certificates and attend formal food 
safety training before engaging in mass feeding activities 
to prevent further outbreaks.
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Objective: To assess the public health risk to Singapore posed by the emergence of artemisinin-resistant (ART-R) malaria 
in the Greater Mekong Subregion (GMS).

Methods: We assessed the likelihood of importation of drug-resistant malaria into Singapore and the impact on public 
health of its subsequent secondary spread in Singapore. Literature on the epidemiology and contextual factors associated 
with ART-R malaria was reviewed. The epidemiology of malaria cases in Singapore was analysed. The vulnerability and 
receptivity of Singapore were examined, including the connectivity with countries reporting ART-R malaria, as well as 
the preparedness of Singaporean health authorities. Sources of information include international journals, World Health 
Organization guidelines, data from the Singapore Ministry of Health and National Public Health Laboratory of the National 
Centre for Infectious Diseases, and the International Air Transport Association.

Results: The importation of ART-R malaria into Singapore is possible given the close proximity and significant travel 
volume between Singapore and the GMS countries reporting artemisinin resistance. Singapore’s vulnerability is further 
enhanced by the presence of foreign workers from neighbouring endemic countries. Nonetheless, the overall likelihood of 
such an event is low based on the rarity and decreasing trend of imported malaria incidence.

With the presence of Anopheles vectors in Singapore, imported cases of drug-resistant malaria could cause secondary 
transmission. Nevertheless, the risk of sustained spread is likely to be mitigated by the comprehensive surveillance and 
control system in place for both infected vectors and human cases.

Discussion: This risk assessment highlights the need for a continued high degree of vigilance of ART-R malaria locally and 
globally to minimize the risk and public health impact of drug-resistant malaria in Singapore.

Despite remarkable global progress in the fight 
against malaria since 2010, growing resistance to 
antimalarial drugs remains the biggest challenge 

on the path towards malaria elimination.1 To date, drug 
resistance has been recorded in Plasmodium falciparum, 
P. vivax and P. malariae.2,3 The development of resistance 
by P. falciparum to nearly all antimalarial drugs, 
including current first-line treatments artemisinin and 
its derivatives, has become an issue of utmost concern. 
The Greater Mekong Subregion (GMS), which comprises 
Cambodia, the Lao People’s Democratic Republic, 
Myanmar, Thailand, Viet Nam and Yunnan Province of 
China, has long been the epicentre of antimalarial drug 
resistance.4 The first cases of artemisinin resistance were 

reported in Cambodia in 2008.5 Since then, artemisinin 
resistance has been observed in other countries in 
the GMS and in neighbouring India.5,6 Concomitantly, 
variable levels of resistance to the partner drugs used 
in artemisinin-based combination therapies (ACTs) have 
been reported.4

Singapore is a globally connected city-state in 
South-East Asia with high travel connectivity with many 
countries in the world, including those in the GMS, due to 
its position as a travel and trade hub. Although Singapore 
has been declared malaria-free by the World Health 
Organization (WHO) since 1982, Singapore is at risk of 
importation of emerging diseases including artemisinin-
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was performed by the Malaria Reference Centre from 
the National Public Health Laboratory (MRC-NPHL) 
by polymerase chain reaction (PCR) amplification and 
sequencing according to the protocol of Ariey et al.10

RISK ASSESSMENT

Hazard assessment

Malaria is caused by Plasmodium parasites that are 
transmitted to people through the bites of female Anoph-
eles mosquitoes with infectious sporozoites of malaria 
parasites.11 Five Plasmodium species cause malaria in 
humans: P. falciparum, P. vivax, P. malariae, P. ovale and 
P. knowlesi. P. falciparum is responsible for most malaria-
related deaths globally and is the most prevalent malaria 
parasite in Africa, while P. vivax is the dominant malaria 
parasite in most countries outside of sub-Saharan Africa 
including those in South-East Asia.1 The first symptoms 
of malaria—fever, headache, chills and vomiting—usually 
appear between 10 to 15 days after a bite from a vector 
mosquito with infectious sporozoites of malaria parasites. 
Without prompt diagnosis and treatment, P. falciparum 
malaria can rapidly progress to severe illness and death.11 
Currently, the most effective treatments are ACTs.12,13

Drug resistance has been one of the greatest chal-
lenges in fighting malaria. Resistance usually develops 
progressively, from the initial delay of parasite clearance 
in a few locations to the gradual expansion of geographic 
range and increase in prevalence, eventually leading to 
treatment failure. Of the various antimalarial drugs avail-
able, chloroquine was the agent of choice for many years 
because of its safety, efficacy and affordability. However, 
since its first detection along the border of Cambodia and 
Thailand in 1957, resistance of P. falciparum to chloro-
quine has spread to almost everywhere that P. falciparum 
exists.14 P. falciparum has also developed resistance to 
nearly all other available antimalarial drugs, including 
sulfadoxine, pyrimethamine, amodiaquine, mefloquine, 
piperaquine, atovaquone and an increasing frequency of 
reported quinine resistance in several regions.15

The first clinical evidence of artemisinin resistance 
originated in western Cambodia in 2008; however, 
further retrospective studies of molecular markers have 
indicated that artemisinin resistance likely emerged be-
fore 2001 and the widespread usage of ACTs.5,16,17 The 
extensive and often suboptimal usage of monotherapies 

resistant (ART-R) malaria.  In view of the emergence of 
resistance across the GMS and the spread beyond its 
borders, we carried out an analysis to assess the risk 
of importation and secondary spread of ART-R malaria 
infection in Singapore.

METHODS

The risk of importation of drug-resistant malaria into 
Singapore and the public health impact of its subsequent 
secondary spread in Singapore were assessed following 
WHO guidance on the risk assessment of acute public 
health events.7 The process of risk assessment included 
relevant literature review, epidemiological analysis of ma-
laria cases in Singapore, analysis of the air travel volume 
between Singapore and countries reporting artemisinin 
resistance, an assessment of the vulnerability and re-
ceptivity of Singapore, and the preparedness of Singapo-
rean health authorities to a potential (case/introduction/
outbreak) of ART-R malaria. The risk assessment was 
conducted by four public health officers specializing in 
public health surveillance, epidemiology and risk analysis 
of infectious diseases. Their findings were reviewed by a 
broader group of experts from the Singapore Ministry of 
Health  (MOH) in the areas of public health, laboratory 
medicine, epidemiology, infectious diseases, risk com-
munication and emergency preparedness and response.

The epidemiology of malaria cases in Singapore was 
analysed based on information released by the MOH.8 A 
qualitative review of the public health measures taken 
by Singapore in response to the emerging threat was 
conducted based on information released by the MOH  
and the Singapore National Environment Agency (NEA). 
The volume of travellers on commercial flights originating 
from countries with ART-R malaria and with final des-
tinations in Singapore in 2017 was analysed using data 
from the International Air Transport Association (IATA) 
in Singapore. The IATA data are reported monthly and 
contain anonymized, itinerary-level passenger volumes. 
The data capture an estimated 90% of the world’s air 
traffic, with the remainder being imputed using market 
intelligence. Full itineraries of the travellers have been 
used, including the initial airport of embarkation, final 
destination and any connecting flights. IATA data have 
been used previously to inform risk assessments of the 
spread of pathogens of epidemic potential.9 Among the 
imported P. falciparum cases, the monitoring of arte-
misinin resistance based on the Kelch 13 (K13) gene 
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Travel volume from the GMS to Singapore

Among cities outside the GMS, Singapore receives the 
highest number of travellers from the GMS (Table 2A). 
From 2013 to 2017, there was an average of more than 
303 000 travellers each month from the GMS to Sin-
gapore (Table  2B). Thailand accounted for the highest 
number of travellers followed by Viet Nam and Myanmar. 
More than 15 000 monthly travellers to Singapore came 
from Cambodia where artemisinin resistance was first 
detected. Despite being a major international transporta-
tion hub with high connectivity to the GMS, importation 
of malaria into Singapore appears to be rare (Table 2B).

Context assessment

Vector distribution

Singapore remains vulnerable and receptive to the reintro-
duction of malaria and the introduction of drug-resistant 
malaria due to the presence of Anopheles vectors. Among 
the over 400 species of Anopheles mosquitoes discov-
ered globally to date, about 70 species are potential 
vectors of malaria.22 In Singapore, the two most com-
mon Anopheles species are Anopheles epiroticus and 
Anopheles sinensis.23 Anopheles epiroticus, Anopheles 
maculatus and Anopheles letifer, were reported to be 
involved in malaria outbreaks in Singapore in the 1960s 
and 1970s, while Anopheles sinensis was implicated in 
the 2009 outbreak.24,25

Preparedness and response in Singapore

Malaria surveillance and control in Singapore is under the 
purview of two public health agencies: the NEA, which 
undertakes the surveillance and control of Anopheles 
mosquitoes, and the Singapore MOH, which is responsible 
for case surveillance and epidemiological investigation. 
Vector control remains the cornerstone for controlling 
mosquito-borne diseases, including malaria. NEA has 
put in place an integrated vector surveillance and control 
programme comprising environmental management and 
source reduction.26 NEA has also identified specific ma-
laria receptive areas for regular Anopheles surveillance 
and control.27 Malaria is a legally notifiable disease under 
the Infectious Disease Act and all medical practitioners 
and laboratories are required to notify the MOH within 
24 hours of diagnosis.28 The MOH then investigates all 
cases of malaria to determine if transmission is likely to 

as well as the genetic background of parasites in the GMS 
were thought to have contributed to the development 
of resistance.18 Since then, emergence of resistance to 
artemisinin and ACT partner drugs such as piperaquine 
have been reported in other areas in the GMS.19,20 Nev-
ertheless, most patients with delayed parasite clearance 
can still be cured using ACTs as long as the partner drug 
remains effective; there is no evidence that higher levels 
of artemisinin resistance (full resistance) have emerged.4

Exposure assessment

Reports of imported malaria infections in Singapore

In Singapore, malaria was the most common vector-borne 
disease in the early 20th century, resulting in substantial 
morbidity and mortality.21 With strengthened epide-
miological and vector control measures, Singapore was 
certified malaria-free by WHO in November 1982. Since 
2010, the annual incidence of malaria has continued to 
decrease from 3.7 cases per 100 000 population in 2010 
to 0.7 cases per 100 000 population in 2017. Incidence 
has been maintained below 1 per 100 000 population 
in recent years. The number of imported malaria cases 
steadily decreased from 187 cases in 2010 to 39 cases 
in 2017.

Among the 290 cases of malaria reported in 
Singapore between 2013 and 2017, 289 (99.7%) were 
imported cases, of whom 141 (49%) were work-permit 
or employment pass holders. The majority of imported 
cases were from South-East Asia (16%), Africa (16%) 
and India (62%). Among the cases imported from South-
East Asia, most were from Indonesia and Malaysia, which 
accounted for 8% and 4% of cases, respectively. Most of 
the cases of malaria reported in Singapore between 2013 
and 2017 were caused by P. vivax (70%) followed by P. 
falciparum (22%).

In a retrospective survey from 2008 to 2017, 12 out 
of 209 (5.7%) P. falciparum cases tested had mutations 
possibly associated with artemisinin resistance (Table 1). 
Of the 12 cases, three cases had validated K13 resist-
ance mutations while two cases had candidate K13 
resistance mutations classified by WHO.4 However, none 
experienced treatment failure and all recovered without 
complications.
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associated with travel, especially within Asia, and the 
lack of awareness of travel medicine among travellers.29

Past outbreaks of malaria in the event of an imported 
case

Although imported cases continue to pose challenges for 
malaria control, the chances of resumption of endemic 
transmission are small as elimination tends to be a sta-
ble state.30 Singapore has maintained its malaria-free 
status31 since 1982. Between 1983 and 2009, 32 out-
breaks involving 225 cases were reported, and the ma-
jority of the cases were imported through foreign workers 
with relapsing P. vivax malaria.26 Further transmissions 
from these occasional outbreaks were promptly curbed 
by aggressive preventive and remedial actions, including 
extensive vector surveillance and control measures; early 

be locally acquired or imported and assess whether any 
clusters are present. The MRC-NPHL has the capability 
to detect a large panel of molecular markers associated 
with antimalarial drug resistance, including the WHO-
recommended K13 gene (as a marker of artemisinin 
resistance) and several genes associated with partner 
drug resistance.

To address the issue of imported malaria cases 
among foreign workers, Singapore implemented compul-
sory screening for malaria for foreign workers in 1997 
as part of the pre-employment medical examinations. 
Among Singapore residents diagnosed with imported 
malaria infections from 2012 to 2016, more than 90% 
did not observe adequate preventive measures such as 
taking chemoprophylaxis before overseas travel.29 Such 
behaviours could be due to the lack of risk perception 

SNP: single nucleotide polymorphism.

*	 Not all notified cases were tested due to unavailability of samples.

‡	 All wild-type sequences were identical to P. falciparum 3D7 control strain sequence: MH341710.

#	 Case with a mixed P. falciparum strain infection harbouring an alternative synonymous mutation: V454V.

^	Non-synonymous mutations are bolded. Double and single underlined variants represent validated and associated (without statistical significance) K13 resistance 
mutations, respectively, according to WHO.4 Non-underlined variants represent other mutations detected but non-evaluated by WHO.4

Table 1.	 Number of P. falciparum malaria cases in Singapore with mutations possibly associated with artemisinin 
resistance detected by K13 molecular marker analysis

Years No. of 
notified 
cases

No. of 
tested 
cases*

Wild 
types‡

Mutants

SNPs^ Numbers Origins GenBank accession 
numbers

2008 37 20 18 F446I 1 Myanmar MH341694

N412T, D452E,
V454A, K503K#

1 India MH341695
MH341696#

2009 33 24 22 C580Y
Y630Y

1
1

Myanmar
Indonesia

MH341697
MH341698

2010 55 52 46 F446I
G453C
N458D
R575K

1
2
1
2

Myanmar
Myanmar
Ghana
Myanmar

MH341703
MH341701/MH341704
MH341700
MH341699/MH341702

2011 25 25 22 G453C
S623N

2
1

Myanmar
Malaysia

MH341705/MH341706
MH341707

2012 28 28 28  

2013 21 21 21  

2014 9 8 8  

2015 13 12 12  

2016 3 2 2  

2017 18 17 15 C469C 2 Ghana United 
Republic of 
Tanzania

MH341708
MH341709

Total 242 (100%) 209
(86.4%)

194 
(92.8%)‡

15 mutants (7.2%)
3 synonymous (1.4%)
12 non-synonymous (5.7%)
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antimalarial drugs has led to prompt updating of malaria 
treatment policies in most GMS countries.1

Risk characterization

The risk imposed to Singapore by the emergence of 
ART-R malaria was characterized using the information 
collected; key factors were considered to assess the 
likelihood of importation of cases into Singapore and the 
impact on public health (Table 3).

The risk characterization of likely based on the 
likelihood of importation and the according minimal con-
sequence suggest that the overall risk of ART-R malaria 
to Singapore is low. The importation of a case of ART-R 

case detection through blood and fever surveys in malaria 
receptive areas; and risk communication to medical prac-
titioners as well as health education for the public.26 No 
outbreaks have been reported since 2010.

Measures taken by GMS countries

To prevent global spread of artemisinin resistance, con-
tainment efforts have been initiated in the GMS. In 2015, 
WHO launched the Strategy for malaria elimination in 
the Greater Mekong Subregion (2015–2030), which was 
endorsed by all GMS countries.31 All GMS countries have 
begun to implement national malaria elimination strate-
gies that have resulted in a significant reduction in ma-
laria cases and death; the surveillance of the efficacy of 

Table 2.	 Connectivity between Singapore and the GMS countries

A.	 Top 10 final destination cities outside the GMS for travellers originating from countries/areas with artemisinin-
resistant malaria in the GMS, 2017

Rank Final destination city Final destination 
country

Total travel 
volume received

% of travellers

1 Singapore Singapore 4 012 918 6.2

2 Seoul Republic of Korea 3 652 737 5.6

3 Shanghai China 3 006 325 4.6

4 Hong Kong Special Administrative Region China 2 865 969 4.4

5 Guangzhou China 2 608 468 4.0

6 Beijing China 2 467 999 3.8

7 Kuala Lumpur Malaysia 2 413 439 3.7

8 Chengdu China 2 144 415 3.3

9 Tokyo Japan 1 842 503 2.8

10 Chongqing China 1 667 531 2.6

Source: data were obtained from the International Air Transport Association.

B.	 Number of malaria cases imported into Singapore from 2013 to 2017 from GMS countries/areas in relation 
to travel volume

Rank Origin
country/area

No. of imported 
cases from  

2013 to 2017

Total travel volume 
received from  

2013 to 2017

Average monthly travel 
volume received from 

2013 to 2017

% of total traveller 
volume

1 Thailand 2 11 261 683 187 695 61.9%

2 Viet Nam 0 4 198 163 69 969 23.1%

3 Myanmar 8 1 484 219 24 737 8.1%

4 Cambodia 0 905 564 15 093 5.0%

5 Yunnan (China) 2* 227 237 3787 1.2%

6 Lao People's 
Democratic Republic 0 120 626 2010 0.7%

Total   12 18 197 492 303 292 100%

* The two cases were imported from China, but information on the provinces where the cases were from was not available.
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DISCUSSION

Singapore is the top destination for travellers from the 
GMS. Among the imported P. falciparum cases in Sin-
gapore, 5.8% had genetic mutations that may confer 
resistance to artemisinin. The presence of competent 
local vectors, the high volume of travel from regions with 
ART-R malaria, and the presence of foreign workers from 
neighbouring endemic countries make it possible that 
drug-resistant malaria could be imported and introduced 
to Singapore. To reduce the risk of Singapore residents 
acquiring malaria infections overseas, pre-travel health 
education, particularly by travel agents, the media and 
health-care providers, can increase awareness of the risk 
of contracting malaria overseas so that personal preven-
tive measures can be taken.

malaria into Singapore is possible given the close proxim-
ity and significant travel volume between Singapore and 
the GMS countries reporting artemisinin resistance. Sin-
gapore’s vulnerability is further enhanced by the presence 
of foreign workers from neighbouring endemic countries. 
Nonetheless, the overall likelihood of importation is con-
sidered low based on the rarity and the decreasing trend of 
imported malaria incidence over the past few years.

With the presence of Anopheles vectors in Sin-
gapore, imported cases of ART-R malaria can cause 
secondary transmission. The risk of sustained spread is 
likely to be mitigated by the comprehensive surveillance 
and control system in place for both infected vectors and 
human cases as observed in the past local outbreaks of 
malaria initiated by imported cases.

Table 3.	 Risk characterization matrix for the public health risk posed to Singapore

  Hazard Exposure Context

Potential for 
importation of 
ART-R malaria into 
Singapore

Artemisinin resistance is defined 
as delayed parasite clearance 
following treatment with an 
artesunate monotherapy or ACT. 
This represents partial resistance.

Since its first detection in 
Cambodia in 2008, artemisinin 
resistance in P. falciparum has 
been found in the GMS and has 
spread to neighbouring India.

A long incubation period of 
malaria ranging from 7 to 30 
days means that international 
travel of infected persons in 
incubation period is possible. 
Cases of recrudescence can also 
be imported. Imported cases 
were 99.7% of the malaria cases 
reported in Singapore between 
2013 and 2017.

Close connectivity between GMS 
countries and Singapore; an 
average of 303 292 travellers, 
come from the GMS every month.

From 2008 to 2017, 12 out of 
209 (5.7%) P. falciparum malaria 
cases imported to Singapore had 
mutations possibly associated 
with artemisinin resistance; 
none experienced treatment 
failure and all recovered without 
complications.

Singapore has foreign workers 
from neighbouring endemic 
countries who contribute to 
imported malaria cases in 
Singapore.

All GMS countries have begun 
to implement national malaria 
elimination strategies that have 
resulted in significant reduction 
of malaria cases and deaths. The 
effectiveness of the strategies in 
stopping the spread of artemisinin 
resistance need to be closely 
monitored.

Potential public 
health impact to 
Singapore

Infection results in acute febrile 
illness. The first symptoms may 
be mild and difficult to recognize. 
Without treatment within 24 
hours, P. falciparum malaria can 
progress to severe illness, often 
leading to death.

To date, artemisinin resistance 
has not been associated with 
increased morbidity or mortality.

The majority of the population 
in Singapore are susceptible to 
malaria.

Some population groups are 
at higher risk of infection and 
developing severe diseases, 
including infants, children under 
5 years of age, pregnant women, 
patients with HIV/AIDS, and 
non-immune migrants, mobile 
populations and travellers.

The vector for malaria, Anopheles 
mosquitoes, is one of the most 
common mosquito genera present 
in Singapore.

Comprehensive surveillance and 
control systems for both vectors 
and human cases are in place in 
Singapore.

Policies are in place to prevent 
the importation of malaria by 
foreign workers; increased 
awareness for personal protective 
measures is needed among local 
residents travelling to malaria-
endemic regions.

ACT: artemisinin-based combination therapy; ART-R: artemisinin-resistant; GMS: Greater Mekong Subregion.
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Objective: An enterohaemorrhagic Escherichia coli (EHEC) outbreak at an institute with multiple facilities for children 
and adults with intellectual disabilities was investigated to characterize the cases and identify risk factors for infection.

Methods: A case was defined as a resident, a staff member or a visitor at the institute from 16 May through 30 June 2005 
testing positive for type 2 Vero toxin-producing EHEC O157:H7 (confirmed case) or exhibiting bloody diarrhoea for two or 
more days (probable case). We collected and analysed demographic, clinical, laboratory and individual behaviour data to 
identify possible risk factors for infection and infection routes.

Results: We recorded 58 confirmed cases, of which 13 were symptomatic. One probable case was also found. The median 
age of the patients was 37 years (range: 6–59 years). Thirty-six patients (61%) were male. Thirteen patients (93%) had 
diarrhoea and six (43%) had abdominal pain. Two developed haemolytic-uraemic syndrome but recovered. All the patients 
were treated with antibiotics and tested negative after treatment. Some residents had problems with personal hygiene. 
The residents of one of the facilities who cleaned a particular restroom had 18.0 times higher odds of being infected with 
EHEC (95% confidence interval: 4.0–102.4) than those who did not.

Discussion: The source of the outbreak could not be identified; however, the infection may have spread through 
environmental sources contaminated with EHEC. We recommend that institutional settings, particularly those that 
accommodate people with intellectual disabilities, clean restrooms as often as possible to reduce possible infection from 
contact with infected surfaces.

Enterohaemorrhagic Escherichia coli (EHEC) was first 
reported in 1983 in the United States of America.1 
Infection can cause diarrhoea, haemorrhagic colitis 

and haemolytic-uraemic syndrome (HUS).2 Outbreaks 
involving EHEC can be spread through infected food,2 
water,3 direct contact with infected humans4 or animals5,6 
or exposure to infected environments.7 In Japan, EHEC is 
a reportable communicable disease; the largest outbreak 
to date was associated with consumption of white radish 
sprouts affecting about 8400 schoolchildren in 1997.8

On 6 June 2005, a physician informed a local 
health office of Oita Prefecture in western Japan of two 
EHEC cases at an institute for adults and children with 
intellectual disabilities.

The objectives of the study were to characterize the 
epidemiology of the cases and identify possible risk fac-
tors for EHEC infection in this outbreak.

METHODS

A case was defined as a resident, a staff member or a 
participant in the activities at the institute for at least one 
day from 16 May through 30 June 2005 who had a stool 
specimen that tested positive for Vero toxin type 2 (VT2)-
producing EHEC O157:H7 (confirmed case) or exhibited 
bloody diarrhoea for two days or more (probable case), 
considering the long incubation period (1 to 9 days) of 
EHEC.

An enterohaemorrhagic Escherichia 
coli outbreak spread through the 
environment at an institute for people with 
intellectual disabilities in Japan in 2005
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questionnaire. Potential risk factors were age; sex; daily 
living skills, including personal hygiene (whether one was 
able to wash hands, brush teeth or bathe independently); 
toilet hygiene (whether one was able to defecate 
independently or one had allotriophagic behaviours); 
and needing assistance in taking meals; participating in 
day care or vocational training; and specific restrooms 
used or cleaned. Stratified analysis by Mantel-Haenszel 
method was employed to explore and adjust odds ratios 
if the univariable analysis revealed statistically significant 
result (p-value < 0.05).

Statistical tests were conducted using R software 
(The R Foundation for Statistical Computing, Vienna, 
Austria), and a p-value of < 0.05 was considered statisti-
cally significant.

Ethics statement

The investigation was conducted in accordance with 
the Infectious Disease Control Act of 1999 and the Food 
Safety Act of 1947 of Japan, which grants the prefectural 
health director the authority to collect epidemiological 
information and biologic specimens from patients without 
obtaining formal consent, in the event of an outbreak of 
certain confirmed or suspected communicable diseases, 
including EHEC.

RESULTS

All 276 residents, staff members, and participants of 
day care and vocational training had stool specimens 
collected and examined for EHEC. Fifty-nine cases were 
reported, of which 58 (98%) were confirmed and one 
was probable (2%). The probable case was a resident of 
Facility C who had continuous bloody diarrhoea but had 
been treated with antibiotics before the stool examination 
and tested negative for EHEC. Overall, 14 (24%) cases 
were symptomatic. The median age of the cases was 
37 years (range: 6–59 years), and 36 (61%) cases were 
male. Four staff members exhibited non-bloody diarrhoea 
during the outbreak period; all four tested negative for 
EHEC and were eventually determined not to be con-
firmed or probable cases.

Among the staff, there were five cases (6.2%). No 
staff members  were out ill before the first case report on 
1 June. No children in the school, except for those who 
were residents of Facility A, tested positive for EHEC. 

At the time of the outbreak, the institute had 162 
long-term and 13 short-term residents, 20 participants 
of day care and vocational training and 81 staff members 
(total 276) in three facilities (Facilities A, B and C). Facili-
ties A and B were for children and adults with intellectual 
disabilities, respectively, and Facility C was for vocational 
training and residence for adults with mild intellectual 
disabilities. Some residents of Facility A attended a 
school outside the facility run by another organization 
five days a week. Residents of Facility C worked outside 
the institute, and about 20 persons who lived outside the 
institute attended vocational training held at Facility C.

To obtain relevant epidemiological and clinical 
information, the local health office staff and the authors 
interviewed the staff members at the time of the outbreak 
and reviewed charts of the residents and participants 
at the institute using semi-standardized instruments, 
to determine demographics (e.g. age, sex), symptoms 
and signs, date of onset and potential exposure history. 
Affected patients were referred to a local hospital where 
we also reviewed patient charts. Environmental samples, 
including surface swabs of doorknobs, water taps and 
stair and hand rails, were also collected from the institute 
by the local health office staff and examined at the Oita 
Prefecture Hygiene and Environment Centre (OPHEC).9 
The local health office collected stool samples from 
residents, vocational training participants and staff of 
the school for the intellectually disabled. The samples 
were examined for EHEC at the local health office 
and OPHEC using the National Institute of Infectious 
Diseases’ standard method.10 Staff members of the 
institute collected stool samples from the kitchen staff 
that were examined at a private laboratory. We randomly 
selected half of the strains isolated from the confirmed 
cases which were further analysed with pulsed-field gel 
electrophoresis (PFGE).11

We conducted a nested, unmatched case-control 
study of the residents, vocational training participants 
and the staff at each facility. For the case-control study, 
we defined a case as a person with bacteriologically 
confirmed EHEC infection. All residents at the facilities 
who tested negative for EHEC and did not exhibit 
diarrhoea between 1 and 9 June were chosen as controls. 
Individuals who had diarrhoea but tested negative for 
EHEC were not included in the case-control study. We 
conducted interviews with the patients and controls with 
the assistance of the staff, if necessary, using a structured 
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that may have transmitted EHEC among them during the 
training, since they participated in separate and differ-
ent tasks. Three patients of Facility C are clustered on 
7–8 June following the first case at the same facility on 
1 June.

The predominant clinical symptoms and signs of 
the 14 symptomatic cases were diarrhoea (13/14 cases, 
93%), including bloody diarrhoea (2, 14%); abdominal 
pain (6, 43%); nausea or vomiting (3, 22%); and fever 
≥37.5 °C (1, 7%). Two patients (14%) developed HUS; 
however, both fully recovered. Of the 10 symptomatic 
patients (71%) who sought medical care, five (36%) were 
hospitalized. No residents or staff members died from 
this outbreak.

EHEC O157:H7 (VT2) was detected in the stool of 
58 case patients. PFGE analysis found that all of the 
28 randomly selected case patients had nearly identi-
cal strains with differences within two bands.11 The 
strain was also later found in one patient in Nakatsu, 
about 100 km north-west of the institute in July 2005; 
however, an epidemiological investigation found no 
direct link between that case and cases detected in this 
outbreak.

All individuals with confirmed infection, includ-
ing those who were asymptomatic, were treated with 
antibiotics and tested negative twice for EHEC O157:H7 
48 hours after the end of treatment. One patient with 
HUS was treated with fosfomycin, and the other was 
treated with a fluoroquinolone before onset of HUS. Of 
45 asymptomatic individuals, 37 took fosfomycin, six 
levofloxacin and one each tosufloxacin and cefpodoxime 
proxetil.

We studied potential risk factors for EHEC O157:H7 
infection. Among the resident cases, 88% were independ-
ent with respect to feeding, and 54% were independent 
with respect to urinating. However, most residents required 
assistance with personal hygiene and grooming (assis-
tance was required by 63% with hand washing, 67% with 
defecation, and 60% with brushing teeth). Some residents 
(16% of Facilities A and B) had problems with personal 
hygiene, in particular allotriophagic behaviour (i.e. eating 
one’s own feces) and manipulating their own feces.

Eleven kitchen staff members, including three 
nutritionists, worked in a single kitchen preparing meals 

There were no reports of any diarrhoea among staff 
members and children at the school, except for those 
who were residents of Facility A.

The breakdown of bacteriological test results by 
facility is shown in Table 1. When stratified by sex and 
location, the infection rate was highest in women resi-
dents of Facility C (52.6%, 95% confidence interval [CI]: 
28.8–75.5%).

Fig. 1 shows the epidemic curve of the 14 sympto-
matic (13 confirmed and one probable) cases. Four of the 
five residents who exhibited symptoms and signs from 
1 to 2 June participated in a vocational training held on 
the 1st floor of Facility C; however, we were not able 
to identify a period of close contact or a possible event 

  Bacteriologically 
positive

Totaln %

Facility A Residents Male 10 25.0 40

Female 1 8.3 12

Participants Male 0 0 5

Female 0 0 4

Staff Male 0 0 5

Female 2 9.1 22

Subtotal 13 14.8 88

Facility B Residents Male 18 37.5 48

Female 8 36.4 22

Participants Male 0 0 2

Female 0 0 0

Staff Male 2 16.7 12

Female 0 0 22

Subtotal 28 26.4 106

Facility C Residents Male 5 17.8 28

Female 6 50.0 12

Participants Male 1 6.7 15

Female 4 57.1 7

Staff Male 0 0 9

Female 1 9.1 11

Subtotal 17 20.7 82

Total 58 21.0 276

Table 1.	 EHEC O157:H7 positivity among staff, 
residents and day care participants of an 
institute for people with intellectual disabili-
ties, Japan, 2005
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before meals and after toilet use, increasing monitoring 
of residents with allotriophagic behaviour, strengthening 
daily diarrhoea surveillance and cleaning surfaces three 
times per day. Prior to the outbreak, an infection control 
protocol was developed; anecdotally, the protocol was 
not followed consistently.

The results of the primary univariable analyses are 
shown in Table  2, and the stratified analyses for the 
residents of Facilities A and B are shown in Table  3. 
Additional univariable analyses are listed in Table S1. 
The univariable analysis found those residents who took 
meals at a certain table of Facility B were 9.7 (95% 
CI: 1.1–89.4) times the odds of being infected with EHEC 
(Table S1B). The inability to independently wash one’s 
own hands was significantly associated with being a case 
(OR: 5.3, 95% CI: 1.5–29.4), specifically in men (OR: 
12.9, 95% CI: 1.8–562.6) and not women (OR: 1.5, 
95% CI: 0.2–18.7) (Table 3). Those who were unable to 
independently wash their own hands were more likely to 
be cases regardless of allotriophagic behavior (adjusted 
odds ratio [aOR]: 4.4, 95% CI: 1.2–16.0) or needing 
assistance in defecation (aOR: 4.3, 95% CI: 1.1–16.3). 
At Facility C, it was found that the residents who had 
cleaned the female restroom on the 1st floor had 18.0 
(95% CI: 4.0–104.4) times the odds of being infected 
with EHEC than those who did not (Table 2B). 

DISCUSSION

We investigated an EHEC outbreak that occurred dur-
ing 1–13 June 2005, affecting 59 residents and staff 
members of an institute for children and adults with 

for the residents and staff who ate in dining halls in each 
facility. Food items served to the residents and staff were 
almost identical. Three nutritionists took turns eating 
each meal, and none of them exhibited diarrhoea during 
the outbreak period. All the kitchen staff tested nega-
tive for EHEC in three separate stool samples collected 
on 20 May (just before the outbreak as part of routine 
screening for food-handlers), on 3–4 June and 8–9 June. 
Samples of the meals provided from 23 to 30 May were 
stored in a freezer, and all samples tested negative for 
EHEC. Water samples from the tap water were all culture 
negative for EHEC. Chlorine levels of the tap water were 
checked and recorded every day and were consistently 
greater than 0.1 ppm.

We investigated the pre-outbreak routines for clean-
ing the toileting areas. The toilets of Facilities A and B 
were cleaned every day by the staff, two toilets on the 
1st floor of Facility C were cleaned every day by external 
vocational training participants and residents of Facility 
C, and toilets on the 2nd and 3rd floors of Facility C were 
cleaned by the residents. The cleaning was normally done 
with detergent applied with reusable mops and cloths. 
Gloves were not always used during the cleaning before 
the outbreak. The time spent cleaning each restroom was 
normally 20 to 30 minutes.

No animals were brought into the facilities before or 
during the outbreak period.

Upon the recognition of the outbreak, the facilities 
introduced additional disease prevention and control 
measures, including encouraging intensive hand washing 

Fig. 1.	 Epidemic curve of symptomatic cases by date of symptom onset during an outbreak of EHEC O157:H7 
at an institute for people with intellectual disabilities, Japan, 2005
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CI = confidence interval, OR = odds ratio

* The day care groups A1 and A2 consisted of mainly residents of Facility A; B1 and B2 consisted mainly of those of Facility B; S consisted of those who were on 
occupational therapy; and V consisted of those who need more attention of the staff.

** Not all individuals provided responses, so the number of responses may not be the total numbers of cases and controls.

The risk factors with statistically significant odds ratios are emphasized with bold font.

Table 2.	 Individual characteristics associated with EHEC O157:H7 infection in univariable analyses of an out-
break investigation at an institute for people with intellectual disabilities, Japan, 2005

Individual risk factor Cases (%) Controls (%) OR 95%CI

A. Residents of Facilities A and B (34 cases and 82 controls)

Female sex 8 (23.5) 22 (26.8) 0.8 0.3–2.3

Manipulates own faeces 7 (20.6) 16 (19.5) 1.1 0.3–3.1

Has habit of touching own buttocks 6 (17.6) 8 (9.8) 2.0 0.5–7.2

Has used a toilet outside the facility 6 (17.6) 5 (6.1) 3.3 0.8–14.7

Lies on the floor daily 6 (17.6) 10 (12.2) 1.7 0.4–5.6

Licks walls and tiles daily 3 (8.8) 1 (1.2) 7.7 0.6–415.4

Sucks one's fingers daily 7 (20.6) 15 (18.3) 1.2 0.4–3.4

Engages in allotriophagic behaviour 10 (29.4) 9 (11.0) 3.3 1.1–10.5

Loiters in the facility daily 7 (20.6) 17 (20.7) 1.0 0.3–2.9

Takes medication 14 (41.2) 30 (36.6) 1.2 0.5–3.0

Being unable to wash own hands 31 (91.2) 54 (65.9) 5.3 1.5–29.0

Being unable to take meals independently 4 (11.8) 21 (25.6) 1.3 0.1–1.3

Being unable to defecate independently 25 (73.5) 48 (58.5) 2.0 0.8–5.4

Needs assistance or direction in defecating 16 (47.1) 21 (25.6) 2.6 1.0–6.4

Needs assistance in bathing 20 (58.8) 46 (56.1) 1.0 0.4–2.4

In day care group A1* 4 (11.8) 10 (12.2) 1.0 0.2–3.7

In day care group A2* 6 (17.6) 7 (8.5) 2.3 0.6–8.7

In day care group B1* 5 (14.7) 6 (7.3) 2.2 0.5–9.3

In day care group B2* 3 (17.6) 7 (8.5) 1.0 1.0–4.9

In day care group S* 3 (17.6) 7 (8.5) 1.0 1.0–4.9

In day care group V* 5 (14.7) 5 (6.1) 2.6 0.6–12.2

B. Residents, participants and staff members in activities of Facility C (18 cases and 65 controls)**

Female sex 11 (61.1) 19 (29.2) 3.7 1.1–13.3

Being a staff member 1 (5.6) 19 (30.2) 0.1 0.0–1.0

Toilet use location        

1st floor male restroom 6 (35.3) 28 (47.5) 0.6 0.2–2.1

1st floor female restroom 10 (58.8) 11 (18.6) 6.0 1.7–23.6

2nd floor male restroom 4 (23.5) 35 (59.3) 0.2 0.0–0.8

2nd floor female restroom 12 (70.6) 16 (27.1) 6.3 1.7–26.5

3rd floor male restroom 5 (29.4) 25 (42.4) 0.6 0.1–2.0

Toilet cleaned at        

1st floor male restroom 1 (5.9) 11 (18.6) 0.3 0.0–2.2

1st floor female restroom 10 (58.8) 4 (6.8) 18.0 4.0–104.4

Bathing        

At Facility C 10 (58.8) 43 (72.9) 0.5 0.2–2.0

Bathed in a bathtub 10 (58.8) 30 (50.8) 2.6 0.5–27.6

Frequently drank the hot water when bathing 1 (5.9) 6 (10.2) 0.4 0.0–4.1
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environment were sometimes suspected but were not 
supported by analytic epidemiology.13 Thus, this study 
is unique in that cleaning a certain restroom was impli-
cated by analytical epidemiology as a possible common 
source.

In this outbreak, about two thirds of cases were 
asymptomatic. In Japan, active case-finding routinely 
includes testing asymptomatic contacts.14,19 According 
to the national surveillance data, one third of EHEC cases 
in Japan were asymptomatic.20 Over three fourths of the 
cases in our setting were adults,  supporting a previous 
report that the proportion of cases that were symptomatic 
declined with age.14 Additionally, the doses of EHEC 
bacilli were likely small and thus not everyone developed 
symptoms. Asymptomatic carriers or recovered patients 
may shed EHEC for more than 30 days;21 however, 
humans are not considered as reservoirs.22 During an 
outbreak in Australia in 2007, an asymptomatic sibling 
spread EHEC to another sibling who developed HUS.23 
The role of asymptomatic carriers of EHEC in outbreaks 
should not be underestimated.

Our study has both strengths and limitations. Since 
all the residents and staff members of the institution were 

intellectual disabilities. The source of the outbreak 
could not be identified; however, the infection may 
have spread through the environment contaminated 
with EHEC.  The residents who cleaned a particular 
restroom at Facility C had 18 times the odds of testing 
positive for EHEC compared to those who did not, and 
neither samples from meal remnants nor stool samples 
from staff who worked in the kitchen yielded EHEC. At 
Facilities A and B, it is likely that the infection spread 
via person-to-person contact because those who were 
unable to wash their own hands were more at risk. 
Environmental contamination was also supported by the 
findings that no single peak in the epidemic curve was 
noted, no episodes were reported in which a possible 
single source of infection was suspected and limitations 
in personal and toilet hygiene were confirmed. EHEC 
spread through contaminated environments has been 
previously reported;7 thus our findings are consistent 
with previous reports.

Infection spread via person-to-person contact is 
the leading cause of most EHEC outbreaks in institu-
tional settings in Japan and elsewhere, particularly at 
day cares, schools13–16 and homes for older people.17 
Foodborne infections18 and infection spread through the 

CI = confidence interval, OR = odds ratio, M-H = Mantel-Haenszel method

The items with statistically significant odds ratios are emphasized with bold font.

Table 3.	 Individual characteristics associated with EHEC O157:H7 infection among individuals not able to 
independently wash their hands during an outbreak among residents of Facilities A and B at an institute 
for people with intellectual disabilities, Japan, 2005 (34 cases and 82 controls)

Stratified risk factors
Unable to wash hands independently

OR 95% CINo. (n = 85)
Cases (%) Controls (%)

Overall 31 (91.2) 54 (65.9) 5.3 1.5–29.4

Sex 

Male 25 (96.2) 40 (65.6) 12.9 1.8–562.6

Female 6 (75.0) 14 (66.7) 1.5 0.2–18.7

M-H adjusted – – 5.3 1.5–18.7

Allotriophagic behaviour 

Yes 10 (100.0) 9 (100.0) – –

No 21 (87.5) 45 (61.6) 4.3 1.1–24.6

M-H adjusted – – 4.4 1.2–16.0

Needs assistance in defecation 

Yes 16 (100.0) 20 (95.2) – –

No 15 (83.3) 34 (55.7) 3.9 1.0–23.2

M-H adjusted – – 4.3 1.1–16.3
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tested for EHEC in their stools, we were able to identify 
infections that were asymptomatic. Although we believe 
most infections were transmitted through the environment 
at Facility C, the environmental specimens did not yield 
the pathogen, most probably because the environment, 
particularly the door knobs, floor and tables, were dis-
infected shortly before the environmental samples were 
collected for bacteriological tests. In addition, residents 
with intellectual disabilities may have limited ability to 
provide comprehensive behavioural or risk information, 
and thus recall and information biases are likely. To mini-
mize these biases, we verified the participants’ responses 
with staff members’ records.

We recommend that in institutional settings, par-
ticularly those that accommodate people with intellectual 
disabilities, staff should pay close attention to personal 
and toilet hygiene of the residents, and restrooms should 
be cleaned as often as possible to reduce possible 
infection via contact with contaminated surfaces. The 
infective dose of EHEC is small (lower than 700 organ-
isms).24 Institutions should also have a symptomatic 
surveillance system and monitor trends in diarrhoea inci-
dence among residents. Prefectural governments should 
strengthen their surveillance systems, including pathogen 
surveillance with routine PFGE tests, to detect potential 
outbreaks involving multiple prefectures. Local health of-
fices should provide congregate settings, including health 
facilities, with training about communicable diseases to 
prevent outbreaks.
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Objective: To document the evolution and optimization of the Zika virus (ZIKV) disease surveillance system in southern 
Viet Nam in 2016 and to describe the characteristics of the identified ZIKV-positive cases.

Methods: We established a sentinel surveillance system to monitor ZIKV transmission in eight sites in eight provinces and 
expanded the system to 71 sites in 20 provinces in southern Viet Nam in 2016. Blood and urine samples from patients 
who met the case definition at the sentinel sites were tested for ZIKV using real-time reverse transcription polymerase 
chain reaction at the Pasteur Institute in Ho Chi Minh City (PI-HCMC). We conducted descriptive analysis and mapped 
the ZIKV-positive cases.

Results: In 2016, 2190 specimens from 20 provinces in southern Viet Nam were tested for ZIKV at PI-HCMC; 626 
(28.6%), 484 (22.1%), 35 (1.6%) and 1045 (47.7%) tests were conducted in the first, second, third and fourth quarters 
of the year, respectively. Of these tested specimens, 214 (9.8%) were ZIKV positive with 212 (99.1%) identified in the 
fourth quarter. In the fourth quarter, the highest positivity rate was those in age groups 30–39 years (30.0%) and 40–59 
years (31.6%). Of the 214 ZIKV-positive patients, 210 (98.1%) presented with rash, 194 (90.7%) with fever, 149 
(69.6%) with muscle pain, 123 (57.5%) with joint pain and 66 (30.8%) with conjunctivitis.

Discussion: The surveillance system for ZIKV disease underwent several phases of optimization in 2016, guided by the 
most up-to-date local data. Here we demonstrate an adaptable surveillance system that detected ZIKV-positive cases in 
southern Viet Nam.

In Viet Nam, although Zika virus (ZIKV) disease was 
not listed as a nationally notifiable disease before 
2016, previous literature suggests that it is not a 

new disease in the country. There has been evidence 
of possible transmission of ZIKV disease dating as far 
back as 1954 when neutralizing antibodies against ZIKV 
were detected in the indigenous population in northern 
Viet Nam.1 More recently, a study that retrospectively 
tested 5617 dengue-negative serum samples collected 
at seven hospital outpatient departments in 2010–2014 
in southern Viet Nam also identified ZIKV-positive cases 
from 2013.2 When Zika disease was declared by the 
World Health Organization (WHO) as a public health 
emergency of international concern (PHEIC) in 2016,3 
several ZIKV-positive cases of travellers who visited 
Viet Nam before symptom onset were reported.4–6

In response to WHO’s declaration of PHEIC, 
Viet Nam responded swiftly in rolling out Zika surveil-
lance, prevention and control guidelines on 2 February 
2016 and the Zika diagnosis and treatment guidelines 
on 5 February 2016 (see Fig.  1).7,8 In March 2016, 
two cases of autochthonous transmission of ZIKV infec-
tion were detected in Nha Trang and Ho Chi Minh City 
(HCMC) and reported to WHO.9 The case in HCMC was 
a pregnant woman who had fetal demise at week nine 
of her pregnancy.10 In June 2016, an infant, born in 
Dak Lak, Viet Nam,11 was the first and only known case 
of microcephaly potentially linked to ZIKV infection in 
Viet Nam. The ZIKV disease surveillance data are critical 
to better understand the local outbreak and to guide the 
appropriate level of response. As with any new surveil-
lance system, adjustments may be needed as part of the 
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existing surveillance site at either a provincial or district 
hospital was selected and began case finding from 15 
February 2016 (Fig.  1). One month later, in phase II, 
sentinel surveillance was rolled out in HCMC, the largest 
city in southern Viet Nam. The roll-out included all district 
hospitals in the city (Fig. 1). From May 2016, in phase 
III, the remaining 12 provinces in southern Viet Nam 
also began implementing the sentinel ZIKV surveillance 
system in at least one district hospital per province. By 
November 2016, when ZIKV-positive cases peaked in 
HCMC, the ZIKV surveillance system had been further 
expanded to all four city obstetrics hospitals (Fig. 1). In 
addition, eight commune health stations and 15 private 
clinics participated in the sentinel surveillance system in 
the fourth quarter of 2016.

Case definitions

All outpatients meeting the case definition at each 
sentinel hospital were included in our analysis. In 2016, 
the Viet Nam Ministry of Health issued an initial and a 
revised official case definitions guided by the international 
outbreak situation and local data from Viet Nam, as listed 
in Table 1.

Case investigation

We conducted case investigations and interviewed the 
patients who met the case definition using a one-page, 
semi-structured questionnaire to obtain and confirm 
information on their socio-demographic characteristics, 
signs and symptoms, dates of symptom onset and travel 
histories.

Laboratory testing

We collected blood and urine samples from patients who 
met the case definition. On the same day, we sent the 
specimens to the Pasteur Institute in HCMC (PI-HCMC) 
where testing was conducted once per week for ZIKV. A 
patient was defined as a ZIKV-positive case when ZIKV 
was detected using real-time reverse transcription poly-
merase chain reaction (RT–PCR) with Trioplex reagents 
provided by the United States Centers for Disease Control 
and Prevention. The ZIKV testing procedure was devel-
oped in accordance with the primer and probe sequences 
as described previously by Lanciotti et al.12

optimization process. Surveillance for ZIKV infection was 
initially based on existing dengue virus disease surveil-
lance; however, given the largely asymptomatic and mild 
clinical presentation of ZIKV disease, an independent 
surveillance strategy specifically tailored for ZIKV disease 
was needed. As the local and international situations 
evolved, Viet Nam also adjusted its surveillance approach 
and expanded the number of ZIKV disease surveillance 
sites in southern Viet Nam where the majority of the 
cases occurred.

The objectives of this paper were to document the 
evolution and optimization of the ZIKV disease surveil-
lance system in southern Viet Nam in 2016 and to 
describe the characteristics of the ZIKV-positive cases 
identified through the surveillance system. We hope that 
by sharing our lessons we can highlight the practical 
realities of implementing a new surveillance system for a 
re-emerging disease in the context of a rapidly evolving 
international public health emergency and a local ZIKV 
disease outbreak.

METHODS

Epidemiological surveillance

Surveillance sites

A sentinel surveillance system to monitor ZIKV trans-
mission in southern Viet Nam was established using a 
phased approach in 2016 (Fig. 1). Sentinel sites were 
gradually expanded from an initial eight sites in eight 
provinces in February 2016 to 71 sites in 20 provinces 
by November 2016 (Fig. 1). In phase I, the surveillance 
system was first established using the existing dengue 
sentinel surveillance system. We targeted eight southern 
provinces deemed as high-risk areas for active transmis-
sion of Zika with the assumption that high-risk areas for 
dengue transmission would also be high-risk areas for 
Zika transmission. High-risk areas were selected based 
on three factors based on the guidance from the Ministry 
of Health and National Program for Dengue Control: 
1) the epidemiology of dengue fever (>100 dengue cases 
per 100 000 population); 2) the Aedes aegypti mosquito 
density index (>0.5 female mosquito per house per day); 
and 3) the tourist flow (presence of international and 
domestic transportation and famous sites frequented 
by tourists). In each of the eight selected provinces, one 
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RESULTS

In total, 2190 specimens from 20 provinces in southern 
Viet Nam were tested for ZIKV at PI-HCMC in 2016; 626 
(28.6%) tests were performed in quarter 1; 484 (22.1%) 
tests in quarter 2; 35 (1.6%) tests in quarter 3; and 1045 
(47.7%) tests in quarter 4. Two distinct waves of ZIKV-
positive cases occurred in 2016 (Fig. 2). A total of 214 
(9.8%) of the 2190 tested specimens were positive for 
ZIKV. Of the 214 ZIKV-positive specimens, the majority 
were identified in quarter 4 (n = 212, 99.1%). The posi-
tivity rate was 0.2% in quarter 1 (1 positive among 626 
samples tested), 0% in quarter 2 (0 positive among 484 
samples tested), 2.9% in quarter 3 (1 positive among 35 
samples tested) and 20.3% in quarter 4 (212 positive 
among 1045 samples tested).

Data collection and analysis

Questionnaire data and test results were first collected on 
paper forms and later entered and analysed in Microsoft 
Excel. We conducted descriptive analysis to examine 
the data by person, place and time. Spot mapping was 
conducted using ArcGIS (ESRI, Redlands, CA, USA) to 
look at the geographical spread of ZIKV-positive cases 
over time.

Ethical approval

The data presented in this manuscript were for public 
health surveillance13 and not research; therefore, ap-
proval from an ethics committee was not sought.

Fig. 1.	 Timeline of key events related to the ZIKV outbreak internationally and in Viet Nam, 2016

 

1 February 2016

PHEIC declared
by WHO.

 
 

 

8 March 2016 

WHO advised 
pregnant women 
against travelling to 
Zika-affected areas 
and to adopt safe 
sexual practices if 
their partner has 
been in a 
Zika-affected area.

 

13 April 2016 

CDC concluded 
causal link between 
Zika virus infection 
and microcephaly 
and other severe 
fetal brain defects.

 

18 November 2016

WHO declared the 
end of the PHEIC. 

 

 

2 February 2016 

MOH released first 
Zika surveillance, 
prevention and 
control guideline.

 

5 February 2016

MOH released 
Zika diagnosis 
and treatment 
guideline.

 

 

March 2016

First two 
autochthonous Zika 
cases in Nha Trang 
and Ho Chi Minh City, 
Viet Nam

 

 

June 2016

First case of 
microcephaly potentially 
linked to ZIKV infection 
identified in Dak Lak, Viet 
Nam

 

 

25 July 2016

MOH released revised Zika 
surveillance, prevention, and 
control guideline.

 

 

Key international events Key events in Viet Nam Surveillance activity in Viet Nam 

2 February –24 July 2016
Case definition 1 officially implemented

  
 

25 July–31 December 2016
Case definition 2 officially implemented

  
   

15 February 2016 

Zika surveillance 
initiated in 8 sites in
8 provinces.

 

 

28 March 2016

Zika surveillance expanded 
to 39 sites in 9 provinces.

 

  

9 May 2016 

Zika 
surveillance 
expanded to 
51 sites in 20 
provinces.

 

 

26 September 2016 

Advanced Zika 
surveillance 
conducted in Ho Chi 
Minh City.

 

 

1 November 2016 

Zika surveillance 
expanded to 66 sites 
in 20 provinces 
(additional sites in 
Ho Chi Minh City).

 

 

 

28 November 2016

Zika surveillance expanded to 71 sites 
in 20 provinces (including 4 obstetrics 
hospitals).

 

  

4 March 2016

CDC reported two 
confirmed and four 
probable cases of 
sexually transmitted 
Zika virus in
the USA. 

 

 

27 August 2016  

Singapore reported 
the first autochthonous 
case of Zika virus 
infection, which led to 
the identification of 
455 cases with a total 
of 15 clusters by 30 
November 2016.  

5 April 2016

MOH reported Zika cases to 
WHO. MOH released guideline 
on management of pregnant 
women in the context of the Zika 
outbreak in Viet Nam.

 

 

 

CDC, Centers for Disease Control and Prevention (United States); PHEIC, public health emergency of international concern; WHO, World Health Organization; 
USA, United States of America; MOH, Ministry of Health (Viet Nam); ZIKV, Zika virus.
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to others tested during the year (22.9%) and in quarter 
4 specifically (24.6%). In children and non-pregnant 
women, the positivity rate in quarter 4 was more than 
double that of the year as a whole. The positivity rates in 
non-pregnant women and men were similar (8.7% versus 
8.0% in the whole year; 18.8% versus 20.2% in quarter 
4). Those in age groups 30–39 and 40–59 had the high-
est positivity rate at 16.5% and 14.8% in the whole year 
and 30.0% and 31.6% in quarter 4, respectively. Fewer 
children under 15 years of age were tested than adults, 
and the positivity rate for children was 0.7% during the 
whole year and 3.4% in quarter 4. Of the 145 children 
aged 5–9 years old who were tested, none tested posi-
tive for ZIKV.

The positivity rate was higher in HCMC than in other 
provinces in southern Viet Nam in 2016 (13.6% versus 
2.8%) and in quarter 4 (24.4% versus 8.6%) (Table 2). 
Within HCMC, the positive cases were concentrated in 
certain districts (Fig. 3): Binh Thanh District, District 2 
and District 12 had the highest number of positive cases 
detected in 2016 and in quarter 4.

Most (n  =  1749; 79.9%) of the specimens were 
collected at district hospitals where 173 (9.9%) tested 
positive; 407 (18.6%) specimens were collected at 
regional and provincial facilities where 35 (8.6%) speci-
mens tested positive for ZIKV. These facilities included 
infectious disease hospitals, obstetrics and gynaecology 
hospitals, paediatric hospitals, provincial general hospi-
tals and provincial preventive medicine centres. During 
the quarter with the highest incidence (quarter 4), a small 
number (n = 32; 1.5%) of specimens were obtained from 
one commune health station (n = 5; 0.2%) and private 
clinics (n = 27; 1.2%) in one of the sentinel districts (Dis-
trict 2); of these 32 specimens, 6 (18.8%) tested positive 
(1 [3.1%] from commune health stations and 5 [15.6%] 
from private clinics.) The positivity rate in quarter 4 was 
similar across levels of facilities: 20.2% at regional and 
provincial facilities, 20.4% at district facilities and 18.8% 
at commune health station and private clinics (Fig. 2).

The characteristics of the individuals tested for ZIKV 
and those tested positive are summarized in Table 2. Preg-
nant women had relatively high positivity rates compared 

Table 1.	 ZIKV surveillance case definitions used in Viet Nam, February–December 2016

Case definition 1
Date of national guideline implemented: 2 February 2016

Suspected case
Any patient presenting with fever, rash AND at least one of the following:

• Conjunctivitis
• Joint pain, muscle pain
• Headache
AND
• Travel in/to/from a Zika-affected area within 12 days before symptom onset.

Confirmed case
Suspected cases confirmed with ZIKV infection by laboratory diagnostic tests including molecular biology technique, virus isola-
tion, or serology.

Case definition 2
Date of national guideline implemented: 25 July 2016

Suspected case
Any patient presenting with rash AND at least two of the following symptoms:

• Fever ≤ 38.5 °C
• Non-purulent conjunctivitis
• Joint pain, swelling around the joints
• Muscle pain.

Probable case
Any patient who meets the criteria for a suspected case AND has Zika IgM antibodies, with no evidence of infection with other 
flaviviruses.

Confirmed case
Any patient who meets the criteria for a suspected or probable case AND has laboratory confirmation of recent ZIKV infection 
through:

• Culture of ZIKV isolates, or
• Identification of the specific gene fragment of ZIKV by molecular biology technique, or
• Detection of Zika IgM antibodies AND plaque reduction neutralization (PRNT90) for ZIKV with titres ≥ 20 and ZIKV titre 
ratio ≥ 4 compared to other flaviviruses.

ZIKV, Zika virus.



WPSAR Vol 10, No 2, 2019  | doi: 10.5365/wpsar.2018.9.2.014 https://ojs.wpro.who.int/26

Phan et alZika virus surveillance in southern Viet Nam, 2016

Fig. 2.	 Number of ZIKV tests performed, number of specimens tested positive, and positivity rate by 
administrative level of facility, Southern Viet Nam, 2016
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All ZIKV tests were performed at the Pasteur Institute in HCMC. The regional and provincial facilities include infectious 
disease hospitals, obstetrics and gynaecology hospitals, paediatric hospitals, provincial general hospitals, and provincial 
preventive medicine centres. The district facilities include district hospitals.



WPSAR Vol 10, No 2, 2019  | doi: 10.5365/wpsar.2018.9.2.014https://ojs.wpro.who.int/ 27

Zika virus surveillance in southern Viet Nam, 2016Phan et al

Based on this data, in phase II we decided to implement 
a dedicated surveillance system for ZIKV that focused on 
the outpatient ward where patients with milder clinical 
presentations seek medical care. We believed that this 
approach was more appropriate than integrating ZIKV 
surveillance into existing dengue surveillance that is 
primarily focused on more severe cases from inpatient 
wards. Focusing on mild cases was also supported by 
evidence that everyone diagnosed with ZIKV disease 
outside of Viet Nam after travelling to the country had 
only mild symptoms.4–6 In phase III, after successfully 
detecting ZIKV-positive cases in outpatient departments, 
particularly at district hospitals, ZIKV surveillance was 
gradually expanded throughout southern Viet Nam, 
focusing on outpatient services at district hospitals in 
HCMC. In addition, the surveillance case definition was 
adjusted based on our initial analysis of symptoms as-
sociated with ZIKV-positive patients, and guided by the 
latest literature, which showed a high prevalence of rash 
in ZIKV-positive patients relative to fever, joint pain, 
muscle pain and conjunctivitis.14 Our approaches were 

A patient can often present with multiple symptoms. 
Of the 214 patients who were positive for ZIKV infection, 
210 (98.1%) presented with rash, 194 (90.7%) with 
fever, 149 (69.6%) with muscle pain, 123 (57.5%) with 
joint pain and 66 (30.8%) with conjunctivitis (data not 
shown).

DISCUSSION

In this article, we presented initial efforts to roll out 
and optimize the surveillance system for ZIKV disease 
in southern Viet Nam in 2016 and described our early 
surveillance data. The surveillance system for ZIKV dis-
ease underwent several phases of optimization in 2016, 
guided by the most up-to-date local data. In phase I, PI-
HCMC had initially explored integrating ZIKV testing with 
the existing dengue surveillance. Inpatients with clinically 
suspected dengue who tested negative for dengue by 
nonstructural protein 1 or viral culture in 2015 were 
tested for ZIKV using RT–PCR. All 96 dengue-negative 
patients were negative for ZIKV (unpublished data). 

  Quarters 1 – 4   Quarter 4

 
Number 
tested

Number
positive

Percentage 
positive (%)

  Number 
tested

Number 
positive

Percentage 
positive (%)

Population group              

Pregnant women 205 47 22.9   187 46 24.6

Other women 1143 100 8.7   526 99 18.8

Men 842 67 8.0   332 67 20.2

Children (<15 years old) 280 2 0.7   59 2 3.4

Age (years)              

< 5 135 2 1.5   28 2 7.1

5–9 145 0 0   31 0 0

10–19 350 27 7.7   147 27 18.4

20–29 844 79 9.4   474 78 16.5

30–39 417 69 16.5   227 68 30.0

40–59 209 31 14.8   98 31 31.6

60+ 65 6 9.2   26 6 23.1

Unknown 25 0 0   14 0 0

Location of detection              

Ho Chi Minh City 1422 194 13.6   788 192 24.4

Other provinces 716 20 2.8   232 20 8.6

Unknown 52 0 0   25 0 0

Total 2190 214 9.8   1045 212 20.3

Table 2.	 Demographics of individuals tested for ZIKV and those with laboratory-confirmed ZIKV infection, 
southern Viet Nam, 2016

ZIKV, Zika virus.
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a higher proportion of specimens being collected from 
district facilities. Third, a new case definition with rash 
being the primary symptom was first introduced in some 
district hospitals in March 2016 and was formally imple-
mented across all surveillance sites from August 2016 
after accumulating evidence suggested that this could 
be a better case definition to identify more ZIKV-positive 
cases. Evolution of the surveillance system may have led 
to increased efficiency in detecting ZIKV-positive cases.

Data from quarter 4 showed that the positivity rate 
was similar across regional, provincial and district-level 
facilities. This result suggests that people with ZIKV 
infection are attending various types of health facilities, 
and our ability to detect ZIKV infection might be similar 
across different levels of health facilities. In one of the 
sentinel districts (District 2), sample collection was 
experimentally decentralized to the commune health 
station and private clinics in quarter 4. The decentral-
ized sample collection had a similar positivity rate of 
ZIKV infection. However, the large majority of cases in 
2016 in HCMC were from district hospitals. Therefore, 
we expect that district-level facilities will continue to 
play a central role in the surveillance system for ZIKV 
disease in southern Viet Nam.

in line with those proposed by the Asia Pacific Strategy 
for Emerging Diseases and Public Health Emergencies,15 
which suggests surveillance systems should be effective, 
efficient, flexible and promptly adaptable to new available 
information and needs before, during and after events. 
In the rapidly changing contexts of an ongoing outbreak, 
Viet Nam demonstrated flexibility by shifting sampling 
sites from inpatient to outpatient services and revising 
case definitions as new knowledge became available. 
Here, we demonstrate that the surveillance system es-
tablished during the event in 2016 successfully detected 
ZIKV-positive cases in southern Viet Nam.

The number of ZIKV-positive results increased 
markedly in quarter 4, likely reflecting an actual increase 
in ZIKV transmission during this period. However, the 
increase could also be due to other contributing factors, 
including those that may have enhanced the ability of 
the surveillance system to more efficiently detect ZIKV 
infections. First, since fewer specimens were tested in 
quarter 3 due to resource constraints, ZIKV infections 
may have been under-detected in that quarter, leading 
to a more dramatic increase in ZIKV infections in quarter 
4. Second, the number of surveillance sites doubled from 
32 in March to 71 in November, alongside a gradual 
decentralization of surveillance sites, which resulted in 

Dis., district; HCM, Ho Chi Minh; ZIKV, Zika virus.

Green spots: cases of the current month; Red spots: cases from the start of the outbreak in February 2016 to the previous month.

March 2016 September 2016 October 2016

November 2016 December 2016 Viet Nam

HCM City

Southern Viet Nam

Dis. Binh Thanh

Dis. 2

Fig. 3.	 Spot map of confirmed ZIKV-positive cases identified through the ZIKV surveillance system, Ho Chi 
Minh City, Southern Viet Nam, 2016
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Moving forward, it may be necessary to prioritize 
the surveillance approach based on resource availability, 
especially given the high cost of the current molecular 
testing methodology using ZIKV PCR. Based on our data, 
we believe there may be two future directions for ZIKV 
surveillance to achieve two separate but interrelated ob-
jectives. First, Viet Nam may consider monitoring trans-
mission trends by establishing sentinel sites to detect 
all individuals who meet the case definition, irrespective 
of age and sex. Based on the system described here, 
which was developed in response to WHO’s PHEIC 
declaration for Zika, the Ministry of Health of Viet Nam 
developed guidelines in 2017 for an ongoing, integrated 
Chikungunya-Dengue-Zika (CDZ) sentinel surveillance 
system.20 Second, depending on resource availability, 
it is important to prioritize Zika testing and surveillance 
for pregnant women presenting with symptoms consist-
ent with the case definition, regardless of whether they 
are from sentinel sites or other health facilities to better 
detect pregnancies that are at risk for microcephaly. In 
2017, Viet Nam developed guidelines for all obstetric clin-
ics and hospitals to register, investigate and report preg-
nancy courses and outcomes of mothers with confirmed 
ZIKV and babies with microcephaly;21  however, fewer 
laboratory samples than expected have been collected 
and tested for ZIKV to date. Therefore, it would be perti-
nent to continue to strengthen the implementation of the 
guidelines. In addition to the ZIKV surveillance activities, 
we believe full genome sequencing of selected specimens 
in southern Viet Nam may also shed light on the phyloge-
netic lineage of circulating ZIKV in the country.

CONCLUSIONS

In our interconnected world, all countries are becoming 
increasingly aware of the borderless nature of emerging 
and re-emerging infectious diseases. Monitoring a new 
disease in the population requires establishing a surveil-
lance system in the context of many unknowns while 
ensuring flexibility of surveillance systems to adapt to 
changing information and needs. Here, we demonstrate 
an adaptable sentinel surveillance system for ZIKV dis-
ease in Viet Nam, where it was optimized in a phased 
approached in 2016, using the most up-to-date local 
data. We hope that in sharing Viet Nam’s experiences 
with ZIKV surveillance we can document what is often 
missing in the literature: the real-world challenges faced 
in public health and the practical solutions needed to 
conquer these obstacles.

Our data suggested the number of the reported 
cases differed considerably among districts and the 
reported cases concentrated in certain districts in 
HCMC. Careful interpretation is needed to understand 
such results since several factors could influence the 
level of case detection to varying degrees. It would 
be reasonable to consider that there were clusters of 
active transmission in certain districts. However, the 
geographical differences could also be due to other fac-
tors such as the selection of sentinel sites and the case 
definition not being applied consistently across hospitals 
by different clinicians. In addition, intensified guidance 
from national and local authorities following the ZIKV 
disease outbreak in Singapore in September 2016 may 
have raised clinicians’ awareness levels and made it 
more likely for them to collect and test specimens for 
ZIKV infections.

Our results showed that adults, especially those 
aged 30–59 years, were more affected by ZIKV infection 
than children. This finding is consistent with previous 
literature that suggests that children with ZIKV infections 
generally experience mild symptoms.16 However, our 
results contrast with the age distribution of dengue infec-
tion, showing that children are more affected by dengue 
than adults in southern Viet Nam.18 One possible expla-
nation is that the adult population of southern Viet Nam 
may have largely developed immunity against dengue, 
which has been hypothesized to enhance ZIKV infection 
through antibody-dependent enhancement.19 Ongoing 
ZIKV seroprevalence surveys in southern Viet Nam may 
provide a better understanding of population immunity 
against ZIKV.

The first year of ZIKV surveillance in southern 
Viet Nam provided critical evidence that will inform 
surveillance and response efforts in Viet Nam and other 
countries, and offered important lessons in optimizing 
ZIKV surveillance systems. Viet Nam’s approach of 
focusing on outpatient services of health care facilities 
effectively detected ZIKV-positive cases. However, both 
the fluctuation in the number of tests performed and the 
change in case definition made it challenging to interpret 
trends in local transmission. In addition, given that the 
ZIKV-positive cases were identified based on the symp-
toms listed in the case definition, the symptoms of the 
ZIKV-positive cases shown here may not be representa-
tive of all ZIKV-infected individuals.
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Introduction: Dengue virus serotype-3 caused a large community-level outbreak in Fiji in 2013 and 2014. We aimed 
to characterize the demographic features of affected individuals and to determine dengue mortality during the outbreak.

Methods: All laboratory-confirmed dengue cases and deaths were included in this study. Incidence and mortality were 
calculated according to demographic variables.

Results: A total of 5221 laboratory-confirmed cases of dengue were included in this analysis. The majority of patients 
were male (54.5%) and indigenous Fijians (iTaukei) (53.5%). The median age was 25 years old. The overall incidence 
was 603 per 100 000 population. The age-specific incidence was highest among people between 20 and 24 years of age 
(1057 per 100 000) for both sexes. The major urban and peri-urban areas of Suva and Rewa subdivisions reported the 
highest incidence of >1000 cases per 100 000 population.

A total of 48 deaths were included in this analysis. The majority of dengue-related deaths occurred in males (62.5%) 
and in the iTaukei (60.4%) population. The median age at death was 35 years old. The overall dengue-related deaths was 
estimated to be 5.5 deaths per 100 000 population. Dengue mortality was higher for males (6.8 per 100 000) than females. 
The highest age- and sex-specific mortality of 18 per 100 000 population was among males aged 65 years and older.

Discussion: Dengue morbidity and mortality were highest among males, indigenous people and residents of urban and 
peri-urban locations. Effective and integrated public health strategies are needed to ensure early detection and appropriate 
outbreak control measures.

Dengue is one of the most common vector-borne 
diseases of public health importance globally. The 
disease is endemic in more than 100 countries,1 

and it is estimated that 390 million dengue infections 
occur annually.2 Dengue has emerged as a significant 
public health problem in Pacific island countries, 
including Fiji, causing large outbreaks in recent years.3–5

Dengue is endemic in Fiji, and its epidemiology has 
showed dynamic changes over the last four decades.6–8 
Dengue distribution is characterized by low endemic 
levels of transmission, usually dominated by a single 
serotype with cyclical patterns of outbreaks following 
introduction of a new serotype.4,7 In non-outbreak years, 
the estimated incidence in Fiji ranged from 0.34 to 51.15 
per 100 000 population.9 Historical reports documented 
two nationwide outbreaks in 1971 and 1975,10,11 after 
which there was no major outbreak for over a decade. 
Since 1988, outbreaks have occurred with increasing fre-

quency, with six major outbreaks reported between 1998 
and 2017.6,7,9,12,13 Major outbreaks have occurred in a 
cyclical pattern of approximately every four to five years.

In 2013, dengue serotype-3 virus (DENV-3) re-
emerged in the South Pacific after 18 years, causing con-
current outbreaks in several Pacific island countries.3–5 
Before then, DENV-3 had last circulated in Fiji in 1989 
and 1990, causing a large community-level outbreak. 
At the end of 2013, dengue cases began to increase 
in Fiji, and an outbreak was declared that continued 
into 2014. During this outbreak, over 15  000 cases 
(1733 per 100  000) were reported nationwide with a 
record number of deaths.9 We investigated demographic 
patterns of incidence and mortality during the 2014 
outbreak period that could provide important information 
for the prediction and control of future outbreaks. We 
aimed to characterize dengue cases and to determine the 
magnitude of mortality in 2014.

Dengue in Fiji: epidemiology of 
the 2014 DENV-3 outbreak
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For our epidemiological review, all laboratory-
confirmed dengue cases reported to FCCDC in 2014 
were included. Duplicate entries of patients who were 
cases more than once within an incubation period were 
removed. Deaths attributed to dengue were obtained 
from PATIS plus. Three additional laboratory-confirmed 
dengue deaths in 2014 identified in another study15 were 
added in the mortality analysis, even though they were 
not in the official record.

Data analysis was performed using Microsoft Office 
Excel 2010 and SPSS software version 24. Descriptive 
statistics were used for the demographic profile (sex, 
ethnicity and age) of laboratory-confirmed dengue cases 
and dengue-related deaths.

All descriptive analysis results were calculated as 
proportions and medians with interquartile ranges.

Overall and specific incidence and mortality, strati-
fied by demographic variables, were computed using 
population projections provided by the Fiji Bureau of 
Statistics (FBOS) for 2014 (FBOS 2014, projected 
population, unpublished). Since FBOS data are not disag-
gregated for medical divisions, incidence and mortality 
by medical divisions and subdivisions were calculated 
using the 2014 population estimates from the MoHMS.9 
Incidence and mortality are expressed per 100  000 
population. The geographic distribution of dengue pa-
tients was evaluated using the location of the treating 
health facilities since patients’ home addresses were not 
systematically recorded.

Ethical approval was given by the College Health 
and Research Ethics Committee, College of Medicine, 
Nursing and Health Science, Fiji National University and 
the National Health Research and Ethics Review Com-
mittee (2016.110.N.W.). 

RESULTS

A total of 5249 laboratory-confirmed cases of dengue 
were reported in 2014 (FCCDC, unpublished). After 
excluding 28 duplicates, 5221 cases were included in 
this analysis. Most of the cases were male (54.5%), were 
iTaukei (indigenous Fijians) (53.5%) and were residents 
of the Central Division (65.5%) (Table 1). The median 
age (interquartile range [IQR]) was 25 years (16–35). 
The majority of cases (80%) were reported during the 

METHODS

Dengue surveillance in Fiji includes notification of 
laboratory-confirmed and clinically suspected cases. 
Confirmatory testing is primarily performed at the na-
tional public health laboratory. The laboratory tests used 
in Fiji at the time of the outbreak were enzyme-linked 
immunosorbent assay and non-structural protein antigen. 
All confirmed cases are reported to the Fiji Centre for 
Communicable Disease Control (FCCDC). Laboratory 
surveillance data include demography (patient’s name, 
hospital number, age, sex, ethnicity, address, health facil-
ity), date of reporting, and test results. Information not 
routinely collected for surveillance purposes are date of 
onset, signs and symptoms, dengue type (dengue fever or 
dengue haemorrhagic fever), patient outcome (mortality) 
and socioeconomic data such as education level, occupa-
tion, and income. No established surveillance system for 
determining circulating serotypes exists; however, during 
outbreaks, representative blood samples are sent to 
overseas laboratories to identify the specific dengue virus 
causing the outbreak.

Health-care services in Fiji are provided by the 
Ministry of Health and Medical Services (MoHMS) which 
is divided into four divisions: Central, Northern, Western 
and Eastern. Each division is further divided into several 
subdivisions that have secondary-level (subdivisional) 
hospitals that receive referrals from community-level 
facilities.9

All health-care providers report suspected cases of 
dengue through the national notifiable disease surveil-
lance schedule (NNDSS). The NNDSS staff monitors a 
comprehensive list of 46 diseases that medical officers 
are required to report weekly. The NNDSS only contains 
data on the number, age and sex of patients. All line lists 
of laboratory-confirmed cases are also submitted to the 
NNDSS during outbreaks.

Dengue deaths are reported using the standardized medi-
cal cause of death certificates (MCDC) that are completed 
by medical officers. Dengue must be explicitly stated on 
the MCDC to be coded as a dengue death. All deaths 
are registered into the patient information system (PATIS 
plus) electronic database using MCDC data and further 
coded according to the International Classification of 
Diseases, Tenth Revision (ICD 10) through an automated 
system called Iris (version 4.0).14
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per 100 000, respectively). The major urban and peri-
urban subdivisions, within the Central Division (Suva 
and Rewa), reported the highest incidence of >1000 per 
100 000 population (Fig. 2).

A total of 45 deaths attributed to dengue were 
reported to MoHMS (PATIS plus, unpublished). Three 
additional dengue-related deaths were found during 
another study.15 A total of 48 deaths were included in 
this analysis. The majority of reported deaths occurred 
in males (62.5%), iTaukei (60.4%) and residents of the 
Central Division (40.7%). The median IQR age at death 
was 35 years (18–57), and five (10%) deaths were 
among children under the age of 5 years. Overall mortality 
was estimated to be 5.5 deaths per 100 000 population. 
Dengue mortality was higher for males (6.8 per 100 000) 
compared to females (4.2 per 100  000). Mortality 
increased steadily with age: the highest mortality was 
among men aged more than 65 years (18 per 100 000) 
(Fig. 3). The lowest recorded mortality was for boys aged 
between 5 and 14 years. Those under 5 years of age had 
higher mortality (5.6 per 100 000) compared to children 
between 5 and 14 years of age (2.4 per 100 000). The 
Northern Division had the highest dengue mortality 
(6.9 per 100  000) followed by  the Central (5.3 per 
100 000) and Western Divisions (4.6 per 100 000). Two 
subdivisions in the North (Bua and Macuata) reported 
the highest mortality (12 per 100 000). Among notified 
deaths (n  =  45), the underlying cause of death was 
reported as dengue fever in most (62.2%). The remaining 
37.8% were reported as dengue haemorrhagic fever.

DISCUSSION

Dengue has emerged as a significant public health 
problem in Fiji and the South Pacific, causing large 
outbreaks in recent years.3,16 A better understanding of 
the epidemiology of dengue is essential to appropriately 
allocate limited resources for dengue control and to better 
evaluate the impact of control activities. We conducted 
a retrospective review of dengue cases in Fiji during the 
2014 DENV-3 outbreak to characterize the demographic 
features and to determine the magnitude of dengue-
related mortality.

In this study, the median age of infection was 25 
years, and age-specific incidence was highest among 
people between the ages of 15 and 34 years. The 
predominance among those in these age strata may be 

first quarter with the highest number of cases occurring 
during epidemiologic week 7 from 23 February to 1 
March 2014 (614 cases).

The overall incidence of laboratory-confirmed 
dengue was 603 cases per 100  000 population. The 
incidence was higher in males (674 per 100  000) 
compared with females (577 per 100 000). Age-specific 
incidence progressively rose after the age of 10 years and 
reached its highest among people between 20 and 24 
years of age (1057 per 100 000) for both sexes, and it 
steadily declined in the age group 50 years and above 
(Fig. 1). Further analysis of the incidence by geographi-
cal location showed the highest burden in the Central 
Division (912 per 100  000) followed by the Northern 
and Western Divisions (542.8 per 100 000 and 278.6 

 
Confirmed dengue 
cases (n = 5221)
n (%)

Dengue deaths
(n = 48)
n (%)

Sex

Male 2848 (54.5) 30 (62.5)

Female 2373 (45.5) 18 (37.5)

Ethnicity

iTaukei 2794 (53.5) 22 (60.4)

Indian descent 2248 (43.1) 16 (33.3)

Others 179 (3.4) 3 (6.3)

Age group

0–4 190 (3.6) 5 (10.4)

5–14 852 (16.3) 4 (8.3)

15–24 1464 (28.0) 9 (18.8)

25–34 1211 (23.2) 6 (12.5)

35–44 594 (11.4) 4 (8.3)

45–54 408 (7.8) 6 (12.5)

55–64 208 (4.0) 8 (16.7)

65+ 123 (2.4) 6 (12.5)

Unknown 171 (3.3) 0

Median (IQR) 35 (18–57) 25 (16–35)

Division

Central 3418 (65.5) 20 (40.7)

Western 1080 (20.7) 18 (37.5)

Northern 711 (13.6) 9 (18.8)

Eastern 12 (0.2) 1 (2.1)

IQR, interquartile range.

Table 1.	 Demographic characteristics of laboratory-
confirmed and dengue mortality cases
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Fig. 1.	 Age- and sex-specific incidence of laboratory-confirmed dengue in Fiji in 2014

Fig. 2.	 Dengue incidence by medical subdivision in Fiji in 2014
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sion, Suva (the capital city) and Nausori, the adjacent 
peri-urban hub, reported the highest incidence with over 
1000 cases per 100 000 population. Previous studies 
in Fiji reported a higher number of dengue cases and 
mosquito vectors in urban and peri-urban areas.8,22,23 
Increased reporting from urban areas could be due to 
greater availability of health services and access to test-
ing. Urban and peri-urban areas in Fiji are characterized 
by expansive informal settlements with high population 
density and limited sanitation and public services.22,24 
The Suva–Nausori corridor in the Central Division has 
the largest concentration of informal settlements where 
access to clean water and sanitation may be an issue.25 
Globally, urban and peri-urban centres are identified as 
high-risk areas for dengue.2 Increased risk of spread in 
these areas is attributed to population movement, trav-
el,2,23,26 overcrowding, increased vector breeding sites,26 
poor sanitation facilities and hygiene22 and limited ac-
cess to health care.19 Dengue-prevention strategies in 
Fiji should consider the social determinants of health and 
include broader socioeconomic influences of better urban 
planning and improved sanitation to reduce the overall 
transmission risk factors.

explained by their vulnerability to DENV-3, which last 
circulated in the country 24 years prior. Our findings are 
consistent with reports from previous outbreaks in Fiji 
that showed higher morbidity among adolescents and 
young adults,6,8,10,11 which differs from patterns seen in 
hyperendemic countries in Asia where dengue is mainly 
reported among young children.17 However, a shift in age 
groups has been demonstrated in some countries such 
as Singapore, Malaysia and Thailand, when dengue out-
breaks occurred after the introduction of a new serotype 
mainly affecting the adult population.18–20

Males had a higher disease burden than females, 
as demonstrated by the increased absolute number and 
incidence among the male population. Previous outbreak 
and non-outbreak reports also demonstrated male pre-
ponderance in Fiji6,8,11 and other countries.20,21 We did 
not investigate the reason for the observed difference in 
incidence by sex, but possible reasons include increased 
risk of infection among men due to occupational 
exposure.

We report high dengue incidence in the main 
urban and peri-urban areas of Fiji. In the Central Divi-

0

2

4

6

8

10

12

14

16

18

20

0

1

2

3

4

5

6

7

0–4 5–14 15–24 25–34 35–44 45–54 55–64 65+

M
or

ta
lit

y 
pe

r 1
00

 0
00

 p
op

ul
at

io
n

 

N
um

be
r o

f d
ea

th
s

 

Age group (years) 

Male deaths Female deaths Male mortality

Female mortality Overall mortality
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indicators.25 Health-seeking behaviours of the Northern 
Division population are likely limited by socioeconomic, 
geographic and infrastructure barriers, especially for rural 
communities. Labasa Hospital has few specialist doc-
tors and a smaller intensive care unit compared to other 
divisional hospitals, which could impact the quality of care 
for critically ill patients, resulting in higher mortality. We 
cannot substantiate the quality of care and access to health 
services from the surveillance data. Further studies are war-
ranted to determine the possible reasons of the increased 
mortality and to address health system-related issues.

In addition, the ethnic distribution of dengue mortal-
ity requires further investigation. Reports from a previous 
outbreak showed increased frequency of haemorrhagic 
manifestations in the iTaukei people; however, a larger 
proportion of deaths occurred in Fijians of Indian de-
scent.6 In contrast, in this outbreak, a large proportion 
of deaths occurred among the iTaukei people. A global 
review suggests that ethnic disparities in dengue severity 
remain unexplained.30 One study shows that these differ-
ences may be largely due to socioeconomic factors that 
can be addressed by public health interventions.30

A review of the global literature on dengue mortality 
has highlighted underreporting and the difficulties as-
sociated with attributing dengue as a cause of death as 
factors challenging the understanding of mortality trends. 
In addition, heterogeneity in reporting of mortality and its 
predictors limits comparisons between studies.30

Limitations

This study has several limitations. We limited our analysis 
to 2014 data to ensure a systematic line listing of cases. 
It is expected that given the broad clinical spectrum of 
dengue, many cases would not have been reported, 
particularly early in the outbreak (end of 2013). Between 
March and June 2014, only clinically suspected dengue 
patients were tested due to a shortage of dengue labora-
tory testing kits. Therefore, the numbers used in this study 
are likely to significantly underestimate the actual number 
of dengue cases and deaths that occurred in Fiji during this 
outbreak. In addition, incomplete case information (such 
as patient residential address, date of onset) further limits 
epidemiological analysis. Although residential address 
information was not available, geographical location of 
the treating health facility was considered appropriate as 
patients generally use the health facility closest to their 

During the 2014 outbreak, the majority of cases 
were reported in the first three months of the year. 
Previous outbreaks and surveillance reports showed 
similar seasonal patterns of dengue from November to 
April, coinciding with the warm and wet season.11,23 This 
time period also overlaps with the cyclone season, when 
localized dengue outbreaks have been reported following 
heavy rain and flooding.27 A previous study demonstrated 
a significant correlation between the incidence of dengue 
with high temperatures and increased rainfall in three 
study sites in Fiji.23

Mortality in the 2014 DENV-3 outbreak was higher 
than that of previously reported outbreaks in Fiji. The 
1997–1998 DENV-2 outbreak7 reported 13 deaths 
with an estimated mortality of 1.7 deaths per 100 000 
population (based on the 1996 census). A review of the 
1989–1990 DENV-1 outbreak6 reported an estimated 
mortality of 2.1 deaths per 100 000 population (for the 
estimated population size in 1990). Our findings show 
higher mortality compared to other endemic and hyper-
endemic countries in South-East Asia and South America 
where dengue mortality during outbreak and non-outbreak 
years ranges from 0.1 to 0.5 per 100 000 population.28,29 
Literature suggests dengue deaths have increased over 
the last few decades in some countries and regions.28–30 
Increased mortality has also been attributed to greater 
health-seeking behaviour and increased sensitivity of 
surveillance for detecting dengue deaths.28

The higher mortality among males has been re-
ported previously31 and is thought to be due largely to 
differences in health-seeking behaviour.30 In this study, 
mortality progressively increased after the age of 55 
years, particularly for males. The high mortality among el-
derly patients has been attributed to decreased immunity, 
compromised organ function, underlying co-morbidities 
and prolonged hospitalizations, which increase the risk 
of hospital-acquired infection or secondary infection.32,33 
This trend is likely to continue as the population ages and 
the burden of noncommunicable diseases grows.

We found higher mortality in the Northern Division 
despite the relatively lower incidence. The Division is 
served by one divisional hospital (Labasa Hospital) and 
three subdivisional hospitals located in the main urban and 
peri-urban areas. While no studies have evaluated access 
to health services and quality of care in the Division, it has 
the highest poverty rate in the country and poor health 
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appropriate coding of underlying causes of death.

Conclusions and recommendations

Vector-borne diseases remain a significant public health 
challenge in Pacific island countries and are expected to 
remain so due to a combination of environmental, climatic 
and socioeconomic factors. These factors increase the risk 
of transmission of dengue and emerging arboviral diseases 
such as chikungunya and Zika.3 The high incidence and 
mortality described in this study indicate a need for contin-
ued surveillance of dengue in Fiji with regular assessments 
of its epidemiology to inform broad prevention strategies. 
We suggest that there is a need to integrate disease and 
vector surveillances to identify outbreaks earlier in high-
risk areas. In addition, vector surveillance needs to be 
improved to provide real-time data on vector density in 
high-risk areas and to identify circulating serotypes before 
seasonal outbreaks occur. This will allow for early interven-
tions to reduce breeding sites in targeted areas and inform 
risk communication strategies.

Early detection and prompt case management are 
crucial to reduce dengue mortality. We reported high 
mortality among males, indigenous people and residents 
of urban and peri-urban areas. This information needs to 
be incorporated into assessing high-risk patients and in-
terventions for prevention. Further studies are required to 
identify specific risk factors for mortality among dengue 
patients in Fiji.

The 2014 DENV-3 outbreak in Fiji demonstrated 
the increasing risk of a large-scale community outbreak 
with increased mortality following introduction of a new 
dengue serotype. 

Effective and integrated public health strategies are 
needed to ensure early detection and implement outbreak 
control measures.
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Background: Dengue patients in Malaysia have the choice to seek care from either public or private sector providers. This 
study aims to analyse the pattern of health facility use among dengue patients to provide input for the ongoing policy 
discussion regarding public–private integration. The focus of this study is in the Klang Valley, which has a high dengue 
burden as well as a high number of private facilities.

Methods: This is a cross-sectional study using an available secondary data source – the Malaysian national dengue 
passive surveillance system, e-Dengue registry. A total of 61 455 serologically confirmed dengue cases from the Klang 
Valley, registered in year 2014, were included. We retrospectively examined the relationship between demographic factors 
and the choice of health-care sector by logistic regression.

Results: The median age of the cohort was 26 (interquartile range: 17 to 37) years. More private facilities (54.4%) were 
used for inpatient care; more public facilities (68.2%) were used for outpatient care. The Chinese and urban populations 
showed significantly higher use of the private health-care sector with an adjusted odds ratio of 4.8 [95% confidence 
interval (CI): 4.6–5.1] and 2.3 (95% CI: 2.2–2.4), respectively.

Conclusion: Both public and private health facilities bear significant responsibilities in delivering health-care services to 
dengue patients. The workload of both sectors should be included in future health policy planning by public agencies.

Dengue is a fast emerging mosquito-borne viral 
disease in all World Health Organization (WHO) 
regions.1 It poses substantial socioeconomic 

burden to the endemic countries. A recent study reported 
that both fatal and non-fatal dengue cases contributed 
to 1.14 million disability-adjusted life years globally in 
2013.2 The disability-adjusted life years is a measure of 
disease burden, expressed as the sum of years of potential 
life lost due to ill-health, disability or premature mortality. 
Furthermore, a prospective study involving three countries 
in Asia (Cambodia, Malaysia and Thailand) and five 
countries in the Americas (Brazil, El Salvador, Guatemala, 
Panama and Venezuela) found that the average cost for an 
ambulatory dengue case was US$ 514, while the cost for 
a hospitalized case was US$ 1394.3

Dengue infection is hyperendemic in Malaysia. Its 
incidence doubled from 146 per 100 000 population in 

2013 to 328 per 100 000 population in 2016.4 It was 
estimated that Malaysia spent about US$ 175.7 million 
annually on treatment and dengue prevention activities.5 
The Klang Valley, with an estimated population of 7.9 mil-
lion in the state of Selangor, the Federal Territory of Kuala 
Lumpur and the Federal Territory of Putrajaya in 2014, 
has been targeted as the focus for reduction of dengue 
cases as it has consistently contributed more than half of 
the national dengue burden.4,6–8

The Malaysian health-care system is a mixture of 
public and private systems; the public and private sectors 
complement each other in the delivery of health-care ser-
vices. Public health-care providers serve both rural and 
urban populations; private health-care providers mainly 
concentrate in high-density urban areas, especially along 
the west coast of Peninsular Malaysia.9 The public 
health-care system is mainly financed through taxation 
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The e-Dengue registry and case definition

The e-Dengue registry was established in Malaysia 
in 2009 under the National Dengue Strategic Plan 
2009–2013.7 In Malaysia, it is mandatory for health-
care practitioners to notify all clinically suspected or 
serologically confirmed dengue cases through an online 
notification system (e-Notice). The diagnosis is verified 
by district health officers according to the WHO 1997 
classification.11 Dengue fever is defined as any case with 
“acute febrile illness with two or more clinical presenta-
tions (myalgia, arthralgia, retro-orbital pain, headache, 
rash, leukopenia and haemorrhagic manifestations) in 
additional to supportive serology or occurrence at the 
same location and time as other confirmed dengue cases. 
A confirmed dengue case is one that was confirmed 
through laboratory testing such as dengue virus isolation, 
virus antigen detection, virus genomic sequence detection 
and/or a fourfold rise in antibody titer.”11 Only confirmed 
dengue cases were entered into the e-Dengue registry by 
the district health officers.

Statistical analysis

The background characteristics of all dengue patients in 
the Klang Valley and the pattern of health facility use 
were described through descriptive analyses. Logistic 
regression was used to examine the relationship between 
demographic factors and patients’ choices of health-care 
sectors. The two-sided statistical significance level was 
set at P < 0.05. Statistical Package for Social Science 
(version 22.0; SPSS, Chicago, IL, USA) was used for all 
statistical analyses.

Ethics approval and consent to participate

This article is research involving secondary data. All cases 
included in this study were anonymized. The study was 
registered under the National Medical Research Registry 
(NMRR-17–544–34899) and approved by the Medical 
Research Ethics Committee (MREC), MoH Malaysia.

RESULTS

Demographic profiles

This study included 61  445 serologically confirmed 
dengue cases reported within the Klang Valley area in 
2014. Patients’ ages ranged from less than one month 

and general revenue collected by the federal government. 
Additionally, the Employees Provident Fund and Social 
Security Organization also contributed to health-care 
funding for the public sector.10 The private sector is 
mainly funded through private employers, private insur-
ance and out-of-pocket payments.10 To facilitate efficient 
health policy planning and resource allocation we need to 
estimate the disease burden in both health-care sectors 
and understand the factors associated with the pattern 
of health facility use. In Malaysia, the performance and 
workload of the private sector were seldom taken into 
consideration in health policy planning by public agen-
cies. This situation may lead to inefficiencies in the health 
sector and underutilization of expertise.

Studies related to health facility use in Malaysia are 
limited. Hence, this study aimed to analyse the pattern 
of health facility use among dengue patients in the Klang 
Valley by using the data captured in the national dengue 
surveillance system, e-Dengue registry.

METHODS

Study setting and populations

This is a cross-sectional study that is based entirely on an 
available secondary data source in Malaysia. A secondary 
data analysis was performed using the data captured in 
the e-Dengue registry, a national dengue passive surveil-
lance system in Malaysia. All confirmed dengue cases 
from the Klang Valley registered in the e-Dengue registry 
from 1 January 2014 to 31 December 2014 were in-
cluded in the analysis.

We assumed the health facilities that notified cases 
to the e-Dengue registry were the first medical facilities 
to be used by dengue patients. For cases with missing 
information on the name of the medical facility, the full 
addresses of the health-care facilities were mapped on 
Google Maps to identify the facilities. Then the facility 
names were matched with a list of public and private 
health-care facilities. A list of the Klang Valley public 
health-care facilities was obtained from the Development 
Division, Ministry of Health (MoH) Malaysia. The list 
comprised 18 public hospitals and 89 public clinics. A 
list of private health-care facilities was obtained from the 
Medical Practice Division, MoH Malaysia. There were 92 
private hospitals and 2205 private clinics in the Klang 
Valley during the study period.
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analysis. Multivariate analysis showed that females have 
higher private health care use than males (P < 0.001). 
Compared to the Malay, the Malaysian Chinese were 4.8 
times more likely to use private health-care facilities; 
both the indigenous group and foreigners had lower odds 
than Malay, with the adjusted odds ratio of 0.2 and 0.5, 
respectively (P < 0.001). The adjusted odds of the urban 
population choosing private health-care facilities was 
2.3 times higher than the rural population (P < 0.001).

DISCUSSION

To the best of our knowledge, this is the first study fo-
cused on the pattern of health facility use among dengue 
patients in Malaysia. We observed similar overall usage 
of private and public health-care facilities by dengue 
patients in the Klang Valley. Our finding differs from that 
reported by Zara AL et al. in which the use of public 
health-care facilities was two times higher than private 
health-care facilities among dengue patients in Brazil.12 
This difference could be attributed to differences in 
health-care systems and health-seeking behaviours 
between Malaysians and Brazilians.

Stratification by the type of health-care facility 
showed dengue patients in the Klang Valley used more 

to 98 years. The age was non-normally distributed, with 
Kolmogorov–Smirnov normality test showing P < 0.001. 
There were eight cases with missing age. The median age 
was 26 (interquartile range: 17 to 37) years (Table 1). The 
majority of the cases (77.5%) were adults aged 15–59 
years; 18.9% of the cases were children aged below 15 
years. Those aged 60 years and above contributed only 
3.6% of the total cases. More than half of the cohort 
were male (57.1%). The majority of the cohort were Malay 
(54.1%) followed by Malaysian Chinese (25.4%) and 
Indian (10.3%). In 2014, 8.4% of the registered dengue 
cases in the Klang Valley were non-Malaysian with the 
majority from Bangladesh (26.7%) followed by Nepal 
(23.1%), Indonesia (12.1%), India (6.1%), China (5.3%), 
Myanmar (5.3%), Pakistan (4.9%) and other countries. 
Ethnicity information was missing from 778 (1.3%) cases.

Health facility utilization by dengue patients in 
Klang Valley

There were 3158 cases with missing information on the 
health-care sector use. The use of private and public 
health-care facilities by dengue patients in the Klang 
Valley was 51% and 49%, respectively. When comparing 
the use of public and private health-care facilities within 
the districts, differences of more than 65% were noted 
for Hulu Selangor district, Kuala Langat district and Sabak 
Bernam district (Table 2). At least 85% of the patients 
from these districts were using public health-care facilities 
instead of private health-care facilities. Dengue patients 
from the Federal Territory of Kuala Lumpur, Petaling district 
and Hulu Langat district used private health facilities more 
than public ones. Fig 1 shows a map of the Klang Valley.

The utilization rate of hospitals was about five times 
higher than that of clinics for the whole study population 
(83% versus 17%). When the utilization of health-care 
sectors was stratified by type of facility (private versus 
public), an inverse picture was observed between inpatient 
and outpatient cases. For hospitalized cases, the use of 
private facilities (54.4%) was about 10% higher than that 
of public facilities (45.6%). For cases who presented to 
outpatient care, the use of private clinics (31.8%) was 
two times lower than that of public clinics (68.2%).

The association of patients’ demographic profiles and 
the choice of health-care sectors was tested (Table 3). 
Cases with missing information on health-care sector, 
age and/or ethnicity (n = 3900) were excluded from this 

Characteristics Dengue patients (n = 61 445)

Age in years* (median, IQR) 26 17, 37

Gender n  % 

Male 35 108 57.1

Female 26 337 42.9

Ethnicity§    

Malay 33 236 54.1

Malaysian Chinese 15 606 25.4

Indian 6354 10.3

Indigenous population 309 0.5

Non-Malaysian 5162 8.4

Area of residence    

Urban 52 899 86.1

Rural 8546 13.9

* Eight cases with missing data.

§ 778 cases with missing data.

Table 1.	 Demographic profiles of confirmed dengue 
cases in the Klang Valley, 2014
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* Negative values denote more private sector usage than public sector usage.

Table 2.	 Use of health-care facilities of different districts in the Klang Valley

District
Use of health-care facilities, n (%)

Public sector Private sector Difference of public/private*

Gombak 4183 (59.2) 2885 (40.8) 1298 (18.4)

Hulu Langat 5132 (45.5) 6155 (54.5) −11 023 (−9.0)

Hulu Selangor 1065 (84.8) 191 (15.2) 874 (69.6)

Klang 4493 (73.8) 1597 (26.2) 2896 (47.6)

Kuala Langat 726 (86.0) 118 (14.0) 608 (72.0)

Kuala Selangor 553 (70.4) 232 (29.6) 321 (40.9)

Petaling 9245 (39.5) 14 180 (60.5) −4,935 (−21.0)

Sabak Bernam 243 (97.2) 7 (2.8) 236 (94.4)

Sepang 328 (64.6) 180 (35.4) 148 (29.2)

Kuala Lumpur 2712 (41.2) 3875 (58.8) −1,163 (−17.6)

Putrajaya 123 (65.8) 64 (34.2) 59 (31.6)

Table 3.	 Analysis of demographic profile with use of private compared with public health-care facilities

Characteristics
Univariate Multivariate*

Crude OR 95% CI Adjusted OR 95% CI

Age group (years)        

  0–9 0.7 (0.5–1.1) 1.0 (0.7–1.6)

  10–19 0.5 (0.3–0.7) 0.6 (0.4–0.9)

  20–29 0.4 (0.3–0.6) 0.6 (0.4–0.9)

  30–39 0.7 (0.5–1.0) 1.0 (0.6–1.5)

  40–49 0.9 (0.6–1.3) 1.0 (0.7–1.6)

  50–59 0.7 (0.5–1.1) 0.7 (0.5–1.2)

  60–69 0.6 (0.4–0.9) 0.6 (0.4–0.9)

  70–79 0.6 (0.4–1.0) 0.5 (0.3–0.9)

  Above 80 1 (ref.) 1 (ref.)

Gender        

  Male 0.8 (0.8–0.8) 0.9 (0.9–0.9)

  Female 1 (ref.) 1 (ref.)

Ethnicity        

  Malaysian Chinese 4.8 (4.6–5.1) 4.8 (4.6–5.1)

  Indian 1.1 (1.0–1.1) 1.1 (1.0–1.1)

  Indigenous 0.2 (0.2–0.3) 0.2 (0.2–0.3)

  Non-Malaysian 0.6 (0.5–0.6) 0.5 (0.5–0.6)

  Malay 1 (ref.) 1 (ref.)

Area of residence        

  Urban 2.2 (2.1–2.3) 2.3 (2.2–2.4)

  Rural 1 (ref.) 1 (ref.)

* Analysed with stepwise binary logistic regression, which the model includes age, gender, ethnicity and area of residence; total number of excluded from analysis 
in view of missing information: 3900 (6.3%).

CI: confidence interval; OR: odds ratio; Ref = reference category used for respective variable in logistic regression.
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health insurance coverage13 could possibly explain the 
higher use of private hospital care.

Similar to the NHMS 2015, we found that private 
health-care facilities were used most by Malaysian Chi-
nese regardless of the types of facility; the indigenous 
population had the least private health-care utilization 
among all. This could be related to the income distribution 
across the ethnic groups in Malaysia. Malaysian Chinese 
are generally in a higher income group as compared to 
other ethnicities,14 and nearly half of Malaysian Chinese 
were covered by private health insurance.

Malaysia has a mixed public–private provision of 
health-care services for primary, secondary and tertiary 
care. Public health-care services are more evenly distrib-
uted in urban and rural areas; private facilities tend to be 
available only in urban areas.9 The population in urban 
areas may have a higher socioeconomic status and are 
able to afford private services more than those in the 
rural population. This may also explain why the urban 
population has higher use of private health care.

Our study has a few limitations. First, this study only 
focused on data captured within the Klang Valley, so it 
might not be suitable to generalize the findings to the 
whole of Malaysia. Second, as the study was conducted 

private inpatient care and public outpatient care. The 
opposite was observed in the National Health Morbid-
ity Survey (NHMS) 2015, which demonstrated a higher 
utilization of public inpatient care and private outpatient 
care among the Klang Valley population.13 NHMS is a 
population survey that targets all types of diseases when 
collecting information regarding the use of health-care 
services.13 However, our study involved only confirmed 
dengue cases. Therefore, the use pattern of health-care 
services may differ when we focus only on a single medi-
cal condition, dengue fever.

Our finding demonstrates that hospital utilization 
was nearly five times higher than clinic utilization among 
dengue patients in the Klang Valley. According to a pub-
lished report, dengue fever is the third and fourth most 
common discharge diagnosis made in private and public 
hospitals, respectively, in Malaysia.9 However, Brazil 
reported the opposite where the majority (81.4%) of the 
dengue patients used outpatient services.12 The nature of 
private health insurance and its coverage may influence 
patients’ health-seeking behaviour. The private insurance 
policies offered in Malaysia usually cover the cost of 
hospital admission but not the cost of outpatient care.9 
This may have influenced the health-seeking behaviour 
and caused a propensity for hospital use. The fact that 
the Klang Valley has the highest percentage of private 

Fig. 1.	 Map of the Klang Valley and the pattern of health facility use

Utilization of health facilities
(Public vs Private health-care sector)

Districts with higher utilization for private health-care sector
Top 3 districts with highest utilization for public health-care sector
Districts with higher utilization for public health-care sector
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using data from year 2014, the pattern of health facility 
use might be different now. Third, as the e-Dengue registry 
only captures confirmed dengue cases, the preference of 
health-care facilities among the undiagnosed and clinical 
dengue cases remains unanswered. Fourth, a majority of 
dengue patients are asymptomatic and might not seek 
medical attention. Therefore, the high hospital use as 
observed in this study might be associated with a more 
severe form of dengue infection. Additionally, we noted 
the new dengue classification published by WHO in 
2009; however, the 1997 WHO dengue classification 
was the case definition used in the surveillance system at 
the time of data collection. As this is secondary research, 
we do not have control over the case definition used 
by the system. However, a published systemic review 
concluded no study had formally compared the 1997 
WHO dengue classification with the 2009 classification 
in the area of surveillance and research.15 Therefore, the 
applicability of either classification in the surveillance 
system remains unknown. As the e-Dengue registry has 
limited variables, we were unable to study other factors 
such as disease severity, economic factors, geographical 
factors, organizational factors and cultural factors that 
could potentially play an important role in determining 
use of health-care facilities. Lastly, as we used the 
health-care facilities that notified the cases as the proxy 
for dengue patients’ preferences, it might not reflect the 
true preference of patients. Nevertheless, this study 
has a large sample size compared to other studies with 
similar objectives, and it was the first study in Malaysia 
to analyse disease-specific health facility use. This study 
shed light on the big picture of health facility use among 
dengue patients in the Klang Valley.

CONCLUSIONS

Our results showed both public and private health facili-
ties bear significant responsibilities in delivering health-
care services to dengue patients in the Klang Valley. 
Malaysian Chinese, females and urban populations have 
higher utilization for private health-care facilities. Future 
health service and policy planning related to dengue 
infection should take into account the workload of both 
public and private sectors.
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The first case of Middle East respiratory syndrome 
coronavirus (MERS-CoV) in the Republic of Korea 
was confirmed in May 2015 after a traveller 

returned from the Middle East.1 There were 186 cases, 
including 38 deaths, within two months.1 The potential 
of a single MERS-confirmed patient to result in such a 
large MERS outbreak constitutes a serious global health 
concern.2

During this MERS outbreak, massive public health 
containment measures were enacted at various levels; 
these included epidemiological investigations, isolation 
of suspected and confirmed cases, contact tracing and 
home quarantine of contacts. Local public health centre 
(LPHC) and emergency medical services (EMS) person-
nel responded to the outbreak by conducting initial 
interviews with suspected cases, transporting patients 
and specimens and managing contacts. Responders in 
contact with patients used different levels of personal 
protective equipment (PPE). Full-protection PPE includes 
a gown, N95 respirator, gloves and goggles. As the 
transmissibility of MERS is unclear,3 it is possible that 
responders were infected by being exposed to MERS 
patients.

We conducted a cross-sectional study in January 
2016 to assess whether LPHC and EMS workers were 

infected and to determine their degree of exposure. The 
participants had contact with MERS-confirmed patients 
or their specimens during the outbreak and volunteered 
to participate in this study. The survey, which was a 
face-to-face interview, examined subjects’ general char-
acteristics, professional responsibilities, contact history, 
symptoms after exposure and use of PPE.

Contact was defined as meeting at least one of the 
following four criteria:4 being within 2m of a confirmed 
patient, staying in the same space as a confirmed patient 
for over 5 minutes, contact with a patient’s respiratory 
or digestive secretions and contact with specimens from 
confirmed patients before the sample was packaged. 
Contact within the same space was graded into four 
levels according to distance of contact and wearing of 
PPE. Without full PPE protection: Grade 1 was defined 
as contact within 2m, and Grade 2 was defined as con-
tact at over 2m. With full PPE protection: Grade 3 was 
defined as contact within 2m, and Grade 4 was defined 
as contact at over 2m.

Serum collected from all participants was screened 
for the presence of MERS-CoV IgG using enzyme-linked 
immunosorbent assays (ELISAs). One sample with 
borderline results and five samples with negative ELISA 
results were retested using indirect immunofluorescence 
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were transporting or counselling patients outside of the 
hospital compared to providing medical assistance within 
the hospital. In other MERS outbreaks, secondary infec-
tions were related to health-care settings.1,6 Although the 
exact route of infection transmission is unknown, aero-
solizing procedures in crowded rooms with inadequate 
infection prevention and control measures were observed 
in health-care settings.7 In the 2015 Republic of Korea 
outbreak, some health-care workers without proper PPE 
were infected in tertiary hospitals, thus emphasizing the 

(IIFT) and plaque reduction neutralization (PRNT) tests 
for confirmation. The indirect ELISA and MERS-CoV IIFT 
used commercial MERS-CoV IIFT slides (EUROIMMUN, 
Lübeck, Germany) and followed the manufacturer’s proto-
col. Analysis was performed using a DE/Axio Imager M1 
immunofluorescence microscope (Zeiss, Jena, Germany). 
The PRNT was performed as previously described.5 The 
number of plaques per well were counted; reductions in 
plaque counts of 50% (PRNT50) and 90% (PRNT90) 
were calculated using the Spearman-Kärber formula.5

Thirty-four workers participated in the study 
(Table 1): 31 from 11 LPHCs and three from two EMS 
units. Twenty (58.8%) responders were male; their mean 
age was 44 (34–56.7) years. Twenty-five participants 
(73.5%) occupied health-related positions: 11 (32.4%) 
general health-care staff, 6 (17.6%) nurses, 4 (11.8%) 
doctors, 3 (8.8%) paramedics and 1 medical labora-
tory technologist (2.6%). Nine participants (26.5%) were 
non-health-related workers: 5 (14.7%) technicians, 2 
(5.9%) administrators, 1 (2.9%) agricultural worker and 
1 (2.9%) unknown.

Based on the highest risk contact for each par-
ticipant, seven (20.6%) of the responders were classified 
as Grade 1; they were partially protected with at least 
gloves and an N95 respirator (Table 1). They contacted 
asymptomatic or symptomatic patients, and symptomatic 
patients wore surgical masks. After MERS-CoV had been 
confirmed in a patient, all staff were fully protected when 
in contact with the patient. The closest contact occurred 
when touching and holding patients during transport. One 
responder wearing full PPE had a mild fever (37.5 °C) 
after contact with a symptomatic patient who was later 
confirmed as infected. Since the response system had 
not expanded in the early days of the outbreak, she was 
not tested but was isolated with self-monitoring.

Serum samples were obtained from all 34 
participants at an average of 7.3  months (range: 
6.7–8.1 months) after exposure. On ELISA, there were 
33 (97.1%) negative results and one borderline result. 
The results of six samples, including one with borderline 
ELISA results, were negative in the IIFT and PRNT.

In our study, we could not find evidence of MERS 
infection in the public health providers after direct 
contact with confirmed patients. This may be because 
there was a lower risk of transmission when participants 

Exposure n (%)

Grade of contact    

Grade 1 7 (20.6)

Grade 2 3 (8.8)

Grade 3 20 (58.8)

Grade 4 4 (11.8)

Longest period of contact    

< 30 minutes 13 (38.2)

30 minutes to 1 hour 10 (29.4)

1 to 2 hour(s) 6 (17.6)

2 to 5 hours 5 (14.7)

Activity (n = 67)*    

Patient transport 24 (35.8)

Patient counselling 10 (14.9)

Ambulance disinfection 10 (14.9)

Specimen transportation 8 (11.9)

Respiratory specimen collection 7 (10.4)

Taking vital signs 4 (6.0)

Discarding exposed goods 3 (4.5)

Other 1 (1.5)

Symptoms after contact    

Yes 1 (2.9)

No 33 (97.1)

PPE education    

Received 29 (85.3)

Not received 5 (14.7)

Training in wearing PPE    

Received 20 (58.8)

Not received 13 (38.2)

Unknown 1 (2.9)

* The 34 study participants performed multiple activities.

PPE: personal protective equipment.

Table 1.	 Exposure to MERS-confirmed patients 
(n = 34)
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optimal use of PPE to prevent MERS infection.8 Moreo-
ver, since the participants did not contact any spreaders 
except one participant who contacted a patient that 
caused two secondary infections, the risk of transmission 
from the contacted patients was likely low.

This study had several limitations. First, the survey 
was conducted 7.3  months after the MERS outbreak, 
making recall bias possible. Second, it is possible that we 
missed some mild or asymptomatic cases. Furthermore, 
because the serological tests were performed several 
months post-exposure, pre-existing MERS antibodies may 
have decreased or disappeared in the interval, potentially 
leading to underestimation. While asymptomatic MERS 
infection had been detected using RT–PCR testing at 
the time of outbreak,9 a Saudi Arabian study showed 
the longevity of MERS-CoV antibodies in MERS patients 
varied in the severity of illness. For example, antibodies in 
severely infected patients persisted after 18 months, but 
milder and subclinical cases detected no antibodies even 
early on in the disease.10 Third, the number of partici-
pants was relatively small and may not be representative 
or generalizable. Despite these limitations, this study sug-
gests that the risk of MERS transmission to public health 
professionals responding to MERS outside the hospital 
setting (i.e. patients’ homes) was low, particularly for 
those who wore some level of PPE such as masks and 
gloves. Further study is needed to prospectively survey 
public health responders including symptomatic or 
asymptomatic cases to conduct genetic test and serologic 
test during an outbreak.

In conclusion, the public health providers in our 
study did not have evidence of MERS transmission after 
direct contact with confirmed patients when PPE was 
used properly.
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