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Introduction: In April 2016, the Department of Health in Zamboanga Peninsula reported an increase in the number of 
acute gastroenteritis cases reported from Zamboanga City. An epidemiologic investigation was conducted to verify the 
existence of an outbreak, determine source/mode of transmission and recommend control measures.

Methods: A line list of cases was compiled from the 11 hospitals within Zamboanga City and a case-series study was 
conducted. Suspected cases were any persons from Zamboanga City who had three or more episodes of acute diarrhoea 
within 24 hours from 15 March to 29 May 2016. Confirmed cases were suspected cases with active symptoms during 
the investigation who had a stool sample collected with rotavirus detected. Water samples were also collected for viral 
detection.

Results: There were 2936 suspected cases with 22 deaths (case fatality rate: 0.75%), an age range of 8 days to 89 years 
(median: 2 years), with those aged less than 5 years the most affected age group (1903/2936, 65%). The majority were 
males (1549/2936, 53%). From the 138 active case patients included in the case-series study, the majority reported 
contact with a family member who had diarrhoea (89/138, 64%) and using water refilling stations as their major source 
of drinking water (88/134, 64%). Of the 93 stool specimens collected, 56 (60%) were positive for rotavirus. Five samples 
from water refilling stations where case patients reported collecting drinking water were all positive for rotavirus.

Discussion: Strict regulation of water refilling stations and boiling drinking water in households were implemented, 
immediately controlling the outbreak. After complying with all the requirements set by the Department of Health, a water 
safety certificate was awarded to Zamboanga City in September 2018.

On 6 April 2016, the Regional Epidemiology and 
Surveillance Unit of the Department of Health 
in Zamboanga Peninsula reported an increase in 

acute gastroenteritis cases in Zamboanga City to the na-
tional event-based surveillance system. Zamboanga City is 
a highly urbanized city located in Mindanao in the south-
ern Philippines with a population of 861 799 people.1 It is 
the sixth most populous and third largest city in the Phil-
ippines.2 Water production within Zamboanga City Water 
District serves only 48% of the total population with most 
people relying on water refilling stations. These water refill-
ing stations sell purified water, mostly in 5-gallon contain-
ers that are delivered to the consumers’ homes.

According to Zamboanga City Health Office, the city 
had a rotavirus outbreak in 2010 due to water contamina-
tion, affecting around 500 individuals. In 2012, rotavirus 
vaccine was added to the national vaccination schedule 
of all infants aged between 1.5 and 3.5 months. Accord-
ing to Zamboanga City Health Office, the immunization 

coverage in Zamboanga City is around 30%, far from the 
national target of 90%.3 

The Epidemiology Bureau of the Department of 
Health sent a team from 28 April to 2 May 2016 to con-
duct an epidemiologic investigation to verify the existence 
of an outbreak, determine the cause, identify the likely 
source and mode of transmission and recommend control 
and prevention measures.

METHODS

Case-series study

A line list of suspected cases was constructed from 
records on suspected case patients admitted to the 11 
hospitals within Zamboanga City. A suspected case was 
defined as any previously well individual in Zamboanga 
City who had three or more watery stools per day from 
15 March to 29 May 2016.

Outbreak Investigation Report
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RESULTS

Suspected cases

A total of 2936 suspected cases were identified with 
onset dates from 28 March 2016. There was a peak of 
cases on 3-5 April 2016 (Fig. 1). The age of all suspected 
cases ranged from 8 days to 89 years (median: 2 years), 
with the majority of suspected cases aged less than 5 
years (1903/2936, 65%). Just over half the suspected 
cases were male (1549/2936, 53%). There were 22 
deaths reported, giving a case fatality rate of 0.75%. The 
age of fatal cases ranged from 2 months to 50 years 
(median: 11 months) and 13 (59%) were male.

Case series

There were 138 active case patients included in the case 
series. Eighty-eight (64%) were aged less than 5 years. All 
had diarrhoea; others reported vomiting (112/138, 81%), 
abdominal pain (84/138, 61%) and fever (83/138, 60%).

The majority of active case patients reported close 
contact with family member who had diarrhoea before 
their illness onset (89/138, 64%). The major source of 
drinking water reported among these case patients was 
from water refilling stations (88/138, 64%; only 44/138 
or 32% reported that they drank boiled water. Before 
eating and after using toilet, 53% (73/138) reported 
using hand sanitizer and 62% (86/138) reported using 
detergent or bath soap regularly (Table 1).

Environmental survey

There were more than 200 water refilling stations in 
Zamboanga City, but only 125 had a sanitary permit. 
Non-compliant establishments were issued closure orders 
by the City Health Office due to possible contamination. 
Violations of the Philippine drinking-water standards were 
observed in some establishments due to presence of 
bacteria in water sample and biological organisms more 
than the permissible limit in every 100 ml sample.

Five water distribution pipes from Zamboanga City 
Water District were inspected. Water handlers were mostly 
children. Hand pumps are attached to the water distribution 
pipes to add pressure to the faucet. Pipes are also sub-
merged in the sewers. These sources also did not meet the 
water-quality standards and were immediately rehabilitated.

A case-series study was then conducted for those 
suspected cases that were still symptomatic and admit-
ted to hospital at the time the investigation team was 
present (active cases). These active case patients were 
interviewed for information on demographics, exposure 
history, medical history and other relevant information. 
Stool samples were collected from these active case 
patients with a confirmed case defined as a suspected 
case that had rotavirus detected in stool sample.

Data analysis was performed using Microsoft Excel 
2013.

Environmental investigation

The Philippine drinking-water standards require all water 
sources to adhere to standard parameters and values for 
drinking-water quality. There should be no Escherichia 
coli; coliform or other bacteria present in every 100 ml 
water sample should not exceed the permissible level of 
biological organisms, organic and inorganic constituents 
(antimony, arsenic, etc.); and the chemical, disinfectant, 
disinfectant by-products and radiological constituents 
should be within standard values.4

Sixty-six water sources consisting of 39 water 
refilling stations, 17 water district and 10 deep wells 
in Zamboanga City were inspected by the city sanita-
tion office to determine possible cross-contamination 
and non-compliance to the Philippine drinking-water 
standards.4

Laboratory examination

Stool specimens from active case patients were collected 
and sent to the Research Institute for Tropical Medicine 
(RITM) in Manila for rotavirus, norovirus and adenovirus 
detection using reverse transcriptase polymerase chain 
reaction (RT–PCR). To rule out other potential causes of 
the outbreak, rectal swab specimens were also tested for 
bacterial pathogens according to RITM standard proce-
dures and previously published methods.5

Water samples were tested for bacterial analysis 
using the Colilert (IDEXX Laboratories, Inc., Westbrook, 
Maine, USA) rapid test. RT–PCR and conventional PCR 
were used for detection of pathogen based on the World 
Health Organization’s manual for rotavirus detection.6
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Fig. 1. Diarrhoea cases by date of onset and case category, Zamboanga City, 28 March to 29 May 2016 
(n = 2936)
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Table 1. Profile of active rotavirus cases, Zamboanga City, 28 April to 2 May 2016 (n = 138)

Factors <5 years
n (%)

≥5 years
n (%)

Total  
n (%)

Total 88 (100%) 50 (100%) 138 (100%)

Sex

Male 48 (55%) 21 (42%) 69 (50%)

Female 40 (45%) 29 (58%) 69 (50%)

Symptoms

Diarrhoea 88 (100%) 50 (100%) 138 (100%)

Vomiting 80 (91%) 32 (64%) 112 (81%)

Abdominal pain 50 (57%) 34 (68%) 84 (61%)

Dehydration 56 (64%) 37 (74%) 93 (67%)

Fever 58 (66%) 25 (50%) 83 (60%)

Hospitalized 88 (100%) 50 (100%) 138 (100%)

Close contact with sick family member 55 (55%) 34 (68%) 89 (64%)

Drinking-water source from water refilling stations 74 (84%) 14 (28%) 88 (64%)

Boil drinking water 31 (35%) 13 (26%) 44 (32%)

Use hand sanitizer 45 (51%) 28 (56%) 73 (53%)

Use soap after toilet use 56 (64%) 30 (60%) 86 (62%)
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Rotavirus infection can easily spread from an in-
fected person to another by close contact.7 Most case 
patients were exposed first to a family member with 
vomiting and diarrhoea before onset of their symptoms. 
Rotavirus is highly communicable; a small infectious dose 
of less than 100 virus particles can cause the fast spread 
of the illness.10

The majority of active case patients reported obtain-
ing their drinking water from water refilling stations. This 
was the first rotavirus outbreak in the Philippines with 
viral isolation of rotavirus from water refilling stations. 
The presence of rotaviruses in drinking water has been 
reported in several studies11,12 and has been the source 
of several epidemics originating from contaminated wa-
ter.13,14 In parallel with person-to-person contamination, 
drinking water might play a role in the occurrence of 
sporadic cases. This, and the fact that many of the water 
refilling stations did not have sanitary permits, emphasize 
the need for routine inspections and water testing of 
water refilling stations.

RITM’s protocol5 indicates that only stool specimens 
from cases whose onset of diarrhoea was three days 
before the specimen collection date could be tested. Be-
cause specimen collection was only done during the time 
of field investigation, cases that fell outside the collection 
period were not sampled, hence, only 93/2936 or 3% of 
stool specimens were collected. This sampling method 
could overestimate sample positivity. However, the higher 
prevalence of rotavirus in younger children demonstrated 
by this study is similar to other rotavirus investigations in 
other settings.12,13,14

Risk factors for this outbreak were not statistically 
tested due to the descriptive design of the study. Also, we 
were not able to elicit information on the rotavirus vacci-
nation history of the active case patients interviewed as it 
was not included in our questionnaire. This is a limitation 
of the study, although it is expected that the vaccination 
rate would be low based on reported vaccination rates in 
the city.

In May 2016, as a result of this investigation, the 
government of Zamboanga City advised households to 
boil drinking water and also created a technical working 
group focusing on water safety with emphasis on the 
strict regulation of water refilling stations to control the 
outbreak. Multiagency activities were conducted to come 

Laboratory examination

There were 93 stool specimens from active case patients 
submitted to RITM for viral detection with 56 (60%) 
positive for rotavirus. Six case patients (6%) had co-
infection of rotavirus and adenovirus, and three (3%) had 
co-infection of rotavirus and norovirus. All specimens 
were negative for any bacterial pathogens.

Of the 66 water samples, excess total coliforms 
were detected in 19/39 (49%) water refilling stations, 
9/17 (53%) Zamboanga City Water District samples and 
4/10 (40%) samples from deep wells. Escherichia coli 
were present in water samples collected from water refill-
ing stations (4/39, 10%), Zamboanga City Water District 
(2/17, 12%) and deep wells (5/10, 50%).

Of the 15 water samples sent to RITM for rotavirus 
confirmation (five each from water refilling stations, the 
Zamboanga City Water District and deep wells) only the 
five refilling-station samples were positive for rotavirus 
RNA.

DISCUSSION

The evidence collected during this outbreak investigation 
suggests that rotavirus was the cause of this outbreak. 
Sixty per cent of cases that were laboratory tested were 
positive for rotavirus; water samples taken from water 
refilling stations, the most commonly reported water 
source used by active case patients, were also positive 
for rotavirus. The symptoms reported were consistent 
with rotavirus,7 as was the age distribution with most 
cases aged less than 5 years. Rotavirus was the most 
common cause of diarrhoeal deaths globally in children 
under 5 years old, accounting for 215 000 child deaths 
in 2013 based on the estimates of the World Health 
Organization.8 This underscores the need for prevention 
in this particular age group.

Rotavirus is the major cause of hospital admis-
sions, emergency department visits and clinic visits in 
the Philippines among infants with diarrhoea.9 Rotavirus 
vaccine was introduced in 2012 as part of the Expanded 
Program on Immunization, but because of inadequate 
supply, some areas, including Zamboanga City, have not 
received the vaccine since 2014. Vaccination could help 
prevent rotavirus outbreaks.
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3. Field Health Services Information System ver. 2012. Manila: 
Department of Health (Philippines); 2012 (https://chogensantos.
files.wordpress.com/2016/04/fhsis.pdf).

4. Philippine national standards for drinking water 2017. Manila: 
Department of Health (Philippines); 2017 (http://dmas.doh.gov.
ph:8080/RelatedIssuances?id=337128&ist=Administrative%20
Order&isn=2017-0010).

5. Guidelines for specimen collection, transport and referral during 
infectious disease outbreak response. Manila: Research Institute 
for Tropical Medicine; 2014.

6. Manual of rotavirus detection and characterization methods. 
Geneva: World Health Organization, 2009 (http://apps.who.int/
iris/bitstream/handle/10665/70122/WHO_IVB_08.17_eng.pdf;j
sessionid=DF854894A00E16C1A3F7CC29DFD3EE02?sequen
ce=1, accessed 21 February 2017).

7. Payne DC, Wikswo M, Parashar UD. Chapter 13: Rotavirus. In: 
VPD surveillance manual, 5th edition. Atlanta, GA: Centers for 
Disease Control and Prevention; 2013 (https://www.cdc.gov/vac-
cines/pubs/surv-manual/chpt13-rotavirus.pdf, accessed 28 April 
2016).

8. Estimated rotavirus deaths for children under 5 years of age: 2013, 
215 000. Geneva: World Health Organization; 2016 (http://www.
who.int/immunization/monitoring_surveillance/burden/estimates/
rotavirus/en/, accessed 15 June 2016).

9. Carlos CC, Inobaya MT, Bresee JS, Lagrada ML, Olorosa AM, 
Kirkwood CD, et al. The burden of hospitalizations and clinic 
visits for rotavirus disease in children aged <5 years in the Phil-
ippines. J Infect Dis. 2009 Nov 1;200(s1) Suppl 1:S174–81. 
doi:10.1086/605044 pmid:19817598

10. Rotavirus. Atlanta, GA: Centers for Disease Control and Preven-
tion; 2016 (https://www.cdc.gov/rotavirus/, accessed 21 February 
2017).

11. Rutjes SA, Lodder WJ, van Leeuwen AD, de Roda Husman AM. 
Detection of infectious rotavirus in naturally contaminated source 
waters for drinking water production. J Appl Microbiol. 2009 
Jul;107(1):97–105. doi:10.1111/j.1365-2672.2009.04184.x 
pmid:19302334

12. Sobsey MD, Kellogg JS. De Leon Ricardo, Carol Shieh YS. Enteric 
virus detection in water by nucleic acid methods. Denver, CO: 
American Water Works Association Research Foundation; 1996 
(https://books.google.com.ph/books/about/Enteric_Virus_Detec-
tion_in_Water_by_Nucl.html?id=bfXtIwF0d4oC&redir_esc=y, 
accessed 21 February 2017).

13. Verheyen J, Timmen-Wego M, Laudien R, Boussaad I, Sen S, Koc 
A, et al. Detection of adenoviruses and rotaviruses in drinking 
water sources used in rural areas of Benin, West Africa. Appl 
Environ Microbiol. 2009 May;75(9):2798–801. doi:10.1128/
AEM.01807-08 pmid:19270143

14. Hopkins RS, Gaspard GB, Williams FP Jr, Karlin RJ, Cukor 
G, Blacklow NR. A community waterborne gastroenteritis 
outbreak: evidence for rotavirus as the agent. Am J Public 
Health. 1984 Mar;74(3):263–5. doi:10.2105/AJPH.74.3.263 
pmid:6320684

up with the city water safety plan, and in September 
2018, more than two years after the outbreak, a water 
safety certificate was awarded to Zamboanga City after 
complying with all the requirements set by the Depart-
ment of Health.15 No further outbreaks of rotavirus have 
been reported in Zamboanga. To prevent outbreaks of 
this magnitude in the future, these water safety measures 
need to be sustained and continued.

Acknowledgements

The authors would like to thank the Regional Health Emer-
gency Management, Surveillance and Disaster Response 
Unit (RHEMSDRU) of Zamboanga Peninsula headed by Mr 
Maxell Bermas and his staff for the assistance given during 
the entire outbreak investigation. We are also grateful to 
Ms Rowena Capistrano of Research Institute for Tropical 
Medicine (RITM), the management of 11 Zamboanga City 
hospitals, to Dr Ivy Itturalde of  the City Health Office, 
Zamboanga Peninsula Pediatrics Society, and to the lo-
cal government of Zamboanga City for the technical and 
laboratory support, and to Ms Michelle McPherson for her 
diligent effort in helping get this paper published.

Funding

This study was funded by the Department of Health, 
Philippines.

Conflict of interest

None.

References

1. Total population by city, municipality, and barangay of Region 
IX Zamboanga Peninsula, Manila: Philippine Statistics Authority; 
2015     (https://www.psa.gov.ph/sites/default/files/attachments/
hsd/pressrelease/R09.xlsx, accessed 21 November 2018).

2. Population of the Philippines. Manila: National Statistics Office; 
2010 (https://www.psa.gov.ph/content/highlights-philippine-pop-
ulation-2015-census-population, accessed 15 June 2016).

http://apps.who.int/iris/bitstream/handle/10665/70122/WHO_IVB_08.17_eng.pdf;jsessionid=DF854894A00E16C1A3F7CC29DFD3EE02?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/70122/WHO_IVB_08.17_eng.pdf;jsessionid=DF854894A00E16C1A3F7CC29DFD3EE02?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/70122/WHO_IVB_08.17_eng.pdf;jsessionid=DF854894A00E16C1A3F7CC29DFD3EE02?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/70122/WHO_IVB_08.17_eng.pdf;jsessionid=DF854894A00E16C1A3F7CC29DFD3EE02?sequence=1
https://www.cdc.gov/vaccines/pubs/surv-manual/chpt13-rotavirus.pdf
https://www.cdc.gov/vaccines/pubs/surv-manual/chpt13-rotavirus.pdf
http://www.who.int/immunization/monitoring_surveillance/burden/estimates/rotavirus/en/
http://www.who.int/immunization/monitoring_surveillance/burden/estimates/rotavirus/en/
http://www.who.int/immunization/monitoring_surveillance/burden/estimates/rotavirus/en/
https://doi.org/10.1086/605044
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19817598&dopt=Abstract
https://www.cdc.gov/rotavirus/
https://doi.org/10.1111/j.1365-2672.2009.04184.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19302334&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19302334&dopt=Abstract
https://books.google.com.ph/books/about/Enteric_Virus_Detection_in_Water_by_Nucl.html?id=bfXtIwF0d4oC&redir_esc=y
https://books.google.com.ph/books/about/Enteric_Virus_Detection_in_Water_by_Nucl.html?id=bfXtIwF0d4oC&redir_esc=y
https://doi.org/10.1128/AEM.01807-08
https://doi.org/10.1128/AEM.01807-08
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19270143&dopt=Abstract
https://doi.org/10.2105/AJPH.74.3.263
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6320684&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6320684&dopt=Abstract
https://www.psa.gov.ph/sites/default/files/attachments/hsd/pressrelease/R09.xlsx
https://www.psa.gov.ph/sites/default/files/attachments/hsd/pressrelease/R09.xlsx
https://www.psa.gov.ph/content/highlights-philippine-population-2015-census-population
https://www.psa.gov.ph/content/highlights-philippine-population-2015-census-population


https://ojs.wpro.who.int/6

Original Research

WPSAR Vol 10, No 1, 2019  | doi: 10.5365/wpsar.2017.8.2.006

a Infectious Disease Control Section, Health and Safety Division, Bureau of Social Welfare and Public Health, Tokyo Metropolitan Government.
Submitted: 25 May 2017; Published: 27 March 2019
doi: 10.5365/wpsar.2017.8.2.006

The objective of this study was to examine the trends of primary and secondary syphilis in Tokyo between 2007 and 
2016 using national infectious disease surveillance data. We analysed all 3269 cases reported during these 10 years. A 
statistically significant increase in cases was observed after 2010 with a more rapid rate of increase after 2014 mainly 
in urban areas in Tokyo. The notification rates per 100 000 population in 2010, 2014 and 2016 were 0.9 (n = 113), 
2.2 (n = 295) and 8.7 (n = 1190), respectively. Domestic syphilis transmission was suspected in 92.6–99.3% of cases 
during the period 2007–2016. 

Until 2013, the increase was mainly observed among men who have sex with men (MSM); however, heterosexual 
transmission became more dominant and eventually surpassed transmission among MSM in 2015. In 2016, the notified 
cases of infections through heterosexual contact were 22.3 and 40.4 times higher in men and women, respectively, 
compared to those in 2010. The median ages of affected heterosexual men and women were 37 (interquartile range: 
28–46) and 26 (interquartile range: 22–32) years, respectively. Reports of oropharyngeal lesions have been increasing 
among both men and women with syphilis. The number of congenital syphilis cases reported in Tokyo was 0 to 3 cases 
per year during the study period.

More information and further analysis are needed to explain the reason for this increase.

Syphilis is a common sexually transmitted infection. 
In 2012, an estimated 5.6 million new syphilis 
infections among people aged 15 to 49 years 

were reported globally.1 In Japan, a venereal disease 
prevention law passed in 1948 mandated a syphilis 
patient notification system. The Ministry of Health, 
Labour and Welfare consolidates data using the National 
Epidemiological Surveillance of Infectious Disease 
(NESID) system.2,3 Although syphilis cases nationwide 
decreased from 216 617 in 1948 to 621 in 2010, they 
rebounded afterwards, reaching 4546 in 2016.2,3

METHODS

Surveillance

Medical institutions report cases to NESID through public 
health centres. In 2015, 31 public health centres and 
approximately 13 600 medical institutions served the 
13.5 million residents of Tokyo.4,5 Syphilis diagnosis and 
treatment are widely available throughout the metropoli-
tan area, including at community medical facilities. Free 
and anonymous syphilis and HIV testing is also offered 

by most municipal public health centres and the Tokyo 
Metropolitan Testing and Counselling Offices.

Physicians are required to report cases of early 
symptomatic (primary and secondary [P&S]) syphilis, 
late symptomatic syphilis, asymptomatic syphilis and 
congenital syphilis (CS) via facsimile to public health 
centres using a designated paper notification form. Public 
health centre staff then register cases online to NESID. 
Demographic and clinical information, date of diagnosis 
and epidemiological information (e.g. location of disease 
transmission, sexual history) are consolidated in NESID. 
All registered syphilis cases are verified by surveillance 
officers in the Tokyo Metropolitan Infectious Disease 
Surveillance Center (TMIDSC), which publishes weekly 
surveillance reports.6

Data collection

We extracted cases of P&S syphilis and CS in Tokyo from 
1 January 2007 to 31 December 2016 from NESID. Tokyo 
consists of 23 special wards (central), the Tama area 
(suburban) and the islands (suburban) (Fig. 1). We used 
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to indicate the annual number of newly diagnosed and 
notified cases per 100 000 population using the annual 
population estimates from the 2010 and 2015 Census 
in Tokyo.

Descriptive analysis of CS was performed consider-
ing date of diagnosis.

Regression analysis

We focused on P&S syphilis to analyse trends in cases 
using a generalized linear model. We offset a Poisson 
regression model by the estimated annual population and 
compared every pair of adjacent years by two-sample 
tests for equality of proportion. For comparison, we 
employed the notified cases of P&S syphilis and the 
estimated annual population of Tokyo. 

All statistical analyses were done with R software 
version R-3.4.1 (R Foundation for Statistical Computing, 
Vienna, Austria). A p value of <0.05 was considered 
statistically significant. We performed Bonferroni correc-
tions for multiple comparisons. The number of tests that 
compared adjacent years was nine, so the significance 
level for each test was set to 0.0056.

NESID surveillance definitions to define early symptomatic 
syphilis and CS. Early symptomatic syphilis was defined as 
an individual who tested positive in both nontreponemal 
and specific treponemal tests with at least one clinical sign 
or symptom (primary: painless chancre; secondary: pain-
less inguinal lymphadenopathy, syphilitic roseola, papular 
syphilide or condyloma lata).2,3 CS was defined as a live 
infant with signs or symptoms of CS or a positive serologi-
cal examination.2,3

Descriptive analysis

We performed descriptive analysis of early symptomatic 
syphilis cases considering sex, age, diagnosis date, syphi-
lis stage, symptoms, sex of partner, suspected location 
of disease transmission (Tokyo, other prefectures in 
Japan, outside of Japan or unknown) and location of the 
reporting medical facility (central or suburban Tokyo). Sex 
partner preferences were categorized as men who have 
sex with men (MSM), men who have sex with women 
only (MSW), men who have sex with men and women 
(MSMW), women who have sex with men only (WSM), 
women who have sex with women (WSW), women who 
have sex with women and men (WSWM) or sexual con-
tact type unknown. The notification rate was calculated 

Japan  

Tokyo  

 

Special-ward area 

Tama area

Islands

Fig. 1. Map of Tokyo (includes 23 special wards, Tama area, and islands)
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Ethics statement

This study was exempt from ethical review committee 
review since the data were surveillance data conducted 
under the provisions of Japanese law. The data collected 
in this study do not contain personal information. 

RESULTS

Notifications and rates

Overall and by sex

The notification rate of P&S syphilis was 8.7 per 100 000 
population (n = 1190) in 2016, 9.7 times higher com-
pared to 0.9 (n = 113) in 2010 and a fourfold increase 
compared to 2.2 (n = 295) in 2014 (Fig. 2). The an-
nual notification rate for men exceeded that for women 
throughout the period of 2007 to 2016. Both men and 
women had the highest notification rate in 2016, which 
was 13.0 (n = 875) for men and 4.6 (n = 315) for 
women.

Sources of notification reports

Annual notification rates from central Tokyo exceeded 
those from the suburbs (Fig. 2). In central Tokyo, the 
notification rate was 1.1 per 100 000 population in 2007, 
increased to 3.0 in 2014 and climbed to 11.7 in 2016. In 
the Tokyo suburbs from 2007 to 2012, the notification 
rate ranged from 0.1 to 0.2, then climbed to 2.2 by 2016.

Trend analysis

The model shows that cases trended upward through-
out the study period (P < 0.001) (Fig. 3). There was 
a statistically significant increase in the number of 
cases from 2012–2013, 2014–2015 and 2015–2016 
(P < 0.0056).

Suspected location of disease transmission

The proportions of cases with suspected transmission 
within Japan ranged from 92.6% to 99.3% during the 
study period. The proportions of domestically acquired 
infections stemming from Tokyo ranged from 87.6% to 
96.3%.
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Fig. 2. Notification rates per 100 000 population of primary and secondary syphilis by sex and area, Tokyo, 
2007 to 2016
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of oropharyngeal lesions increased (Fig. 7) and affected 
a greater percentage of MSM with syphilis (2.7% in 2016 
to 6.1% in 2014.)

Men who have sex with women only

The number of cases among MSW decreased from 2007 
to 2010, then increased in 2014, and markedly increased 
during the years 2015–2016 (Fig. 5). The cases among 
MSW (n = 283) exceeded those among MSM (n = 170) 
in 2015 and was 22.3 times higher in 2016 compared to 
2010. The proportion of cases among MSW was 50.9% 
in 2007, decreased to 15.5–21.3% from 2010 to 2013 
and increased again in 2014 to 37.5% in 2016. The 
median age of MSW during 2007–2016 was 37 (IQR: 
28–46) years (Fig. 6B). Affected MSW with oropharyn-
geal lesions sharply increased in 2015 and 2016 (Fig. 7); 
the proportion was 3.5% in 2015 and 3.4% in 2016.

Men who have sex with men and women

The notified cases in MSMW were 0 to 3 cases per year 
in 2007 to 2015. In 2016, six cases were reported.

Disease stage

A total of 1198 primary cases and 2071 secondary cases 
were reported from 2007 to 2016 (Fig. 4). The number 
of primary syphilis cases had been declining; they started 
increasing again after 2010. The number of secondary 
syphilis cases has consistently increased since 2007. In 
2016, the number of primary cases was 533, a 31-fold 
increase since 2010. The number of secondary cases 
was 657, a sevenfold increase during the same period.

Sex of partner

Men who have sex with men

Infections among MSM steadily increased from 2007 to 
2016 (Fig. 5). The number of cases among MSM was 
4.2 times higher in 2016 than in 2010. The proportion 
of MSM cases increased annually from 2007 to 2013, 
peaked at 62.9% in 2013 and then decreased to 21.6% 
in 2016. The median age of MSM during 2007–2016 
was 36 (interquartile range [IQR]: 29–43) years 
(Fig. 6A). During the period 2012–2016, the incidence 
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were 40.4 times more cases in 2016 compared to 2010. 
The proportion of WSM cases ranged from 6.2–9.9% in 
2007 to 2013; it increased in 2014, reaching 23.8% in 
2016. From 2007 to 2016, the median age of affected 
WSM was 26 (IQR: 22–32) years; in 2016, 59.7% of the 
affected WSM were in their 20s (Fig. 6C). Oropharyn-

Women who have sex with men only

The notified cases in WSM were stable between 2007 
and 2012; however, they increased in 2013 to 2014 
and markedly increased in 2015 and 2016, mirroring 
the trend seen in the MSW population (Fig. 5). There 
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and WSM increased rapidly after 2014, resulting in a 
larger number of cases transmitted through heterosexual 
contact than among MSM in 2015. We conclude that 
heterosexual transmission is a significant driver of the 
increase in syphilis cases in Tokyo with a contributing 
increase of cases among MSM.

The disproportionate increase in primary-stage syphi-
lis may be due to increased ascertainment from prompt 
health-care seeking and improved recognition among 
clinicians. However, secondary syphilis also increased 
sevenfold, suggesting that the increase in primary syphilis 
cases may be due to increased incidence. Reports of oro-
pharyngeal lesions increased among both men and women 
with syphilis. The proportion of those with oropharyngeal 
lesions did not vary considerably among MSM, MSW and 
WSM. The oral cavity can be a point of entry for syphilis, 
and an oropharyngeal lesion can be a source of syphilis 
infection.7 Providers and the public should be aware that 
syphilis can be transmitted through oral sex.

We are concerned about the increase of syphilis in 
young women. An increase of syphilis among women oc-
curred in the 2010s in the United States of America that 
resulted in increased CS incidence.8 CS is preventable; 
pregnant women and their partners should be encour-
aged to seek appropriate prenatal care, including routine 
prenatal screening and treatment of syphilis.

geal lesions increased among WSM in 2015 and 2016 
(Fig. 7); the proportion was 4.1% in 2015 and 4.2% in 
2016.

Women who have sex with women

Only one case of syphilis, reported in 2015, involved WSW.

Women who have sex with women and men

Two cases, reported in 2015, were in WSWM. 

Congenital syphilis

Twelve cases (0–3 cases per year) of CS were reported 
in Tokyo. The number of cases was one in 2008, two 
in 2009, three in 2012, one in 2014, two in 2015 and 
three in 2016.

DISCUSSION

We found that P&S syphilis cases in Tokyo gener-
ally increased from 2007 to 2016 and has been sharply 
increasing since 2015. During the period 2007–2010, 
an increase in infections among MSM was offset by a 
decrease of infections among MSW. As transmission 
among MSM continued to rise, the number of cases 
overall increased from 2011 to 2013. Cases among MSW 

Fig. 7. Changes in the number of cases with oropharyngeal lesions among primary and secondary syphilis 
cases by sex of partner, Tokyo, 2007 to 2016
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In response to the increase in syphilis cases, TMG 
provided clinician training sessions on testing and treat-
ment, expanding syphilis testing opportunities, adding 
home address and nationality to surveillance information 
and updating public educational materials (including an 
e-learning curriculum).

Targeted interventions are needed to curb the rising 
number of syphilis cases. Continued surveillance and ad-
ditional analysis are needed to identify and mitigate factors 
causing the increase. Public health strategies to prevent 
and treat infections in young women are imperative to 
preventing CS. Curbing syphilis cases in Tokyo depends 
on increased awareness and the collaborative efforts of 
health-care providers, educators, media, academia and 
the public.
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Objective: This study aimed to determine the incidences of dengue-like illness (DLI), dengue virus (DENV) infection, 
and serotypes and to identify socio-demographical and entomological risk factors of DLI in selected suburban and rural 
communities in the Lao People’s Democratic Republic and in Thailand.

Methods: A two-year longitudinal study was conducted in four villages during the inter-epidemic period between 2011 
and 2013. Entomological surveys, semi-structured interviews of household heads and observations were conducted. 
Occurrences of DLI were recorded weekly using the World Health Organization’s dengue definition along with blood 
samples; results were compared with national surveillance dengue data. Risk factors of DLI were assessed using logistic 
regression.

Results: Among the 2007 people in the study, 83 DLI cases were reported: 69 in suburban Lao People’s Democratic 
Republic, 11 in rural Thailand, three in rural Lao People’s Democratic Republic and none in suburban Thailand. Four 
were confirmed DENV: two from suburban Lao People’s Democratic Republic (both DENV-1) and two from rural Thailand 
(both DENV-2). Although the number of detected DLIs during the study period was low, DLI incidence was higher in the 
study compared to the dengue surveillance data in both countries. DLI in suburban Lao People’s Democratic Republic was 
associated with age and occupation, but not with the number of pupae per person.

Discussion: This study highlights the importance of continuous clinical and vector surveillance for dengue to improve early 
detection of dengue and other mosquito-borne diseases in the region.

Dengue is a mosquito-borne viral infection prevalent 
throughout the tropics and subtropics. In South-
East Asia, one of the largest outbreaks ever 

recorded occurred in 2010,1–3 during which 22 929 
cases and 46 deaths were recorded in the Lao People’s 
Democratic Republic,2 and 116 947 cases and 139 
deaths in Thailand.4 The incidence in the Lao People’s 
Democratic Republic was 367 cases per 100 000 
persons,1 and in Thailand, 177 cases per 100 000 
persons—higher than recorded in neighbouring Viet 
Nam (150 cases per 100 000 persons) or Cambodia 
(93 cases per 100 000 persons).2 The most recent 
outbreak in Thailand occurred in 2015 with 144 952 
cases and 148 deaths;5 it was the most prevalent 
circulating strains of dengue virus (DENV) were DENV-4 
(33.1%) and DENV-3 (32.6%).6 In the Lao  People’s 

Democratic Republic, the most recent large outbreak 
occurred 2013, with 15 out of 17 provinces reporting 
dengue at epidemic levels, causing 95 deaths from a 
total of 44 171 cases;7 DENV-3 and DENV-2 were the 
most common serotypes.8 

In the Lao People’s Democratic Republic and in 
Thailand, the number of cases peak during the rainy 
season, generally between May and October.1,4 Den-
gue vector control in affected settings mainly relies on 
integrated vector management as recommended by the 
World Health Organization (WHO).9 A widely occurring 
challenge for effective mosquito control using the larvicide 
temephos is the widespread belief that it is harmful due to 
its smell.10 Another challenge is insecticide resistance in 
Aedes aegypti, the main dengue vector,11 which has been 
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Participants

The total number of households in each village was 215 
in suburban and 130 in rural Lao People’s Democratic 
Republic, and 272 in suburban and 139 in rural Thai-
land. Rural Lao People’s Democratic Republic had the 
lowest number of households (130), and we chose this 
number as the sample size across all selected villages. 
For each of the other three villages with more than 130 
households, we systematically sampled households 
by first identifying a random house and then selecting 
additional houses based on a fixed interval derived by 
dividing the total number of households by 130. All 
individuals residing in the selected households were 
included. Fig. 1 shows the total number of households 
and people included. During the course of the study, 
individuals were lost to follow-up because they went 
to study elsewhere, moved out after marriage or died; 
households were lost to follow-up due to families mov-
ing and settling in other villages or choosing to leave the 
study. Migrants and newborn children were included as 
newly enrolled participants. The final number of indi-
viduals included in the analysis was 2007.

Identification of dengue-like illnesses

Each of the selected households was visited weekly by 
trained village health volunteers. DLI was defined using 
the WHO dengue definition, i.e. presence of AFI for 
2–7 days with two or more nonspecific symptoms such 
as headache, retro-orbital pain, myalgia, arthralgia, rash, 
and haemorrhagic manifestations.19 We used an indi-
vidual questionnaire to obtain case information (Table 1) 
from patients or guardians of patients less than 15 years 
old.

Confirmation of dengue cases

From each identified DLI case, we took a blood sample 
by finger prick and blotting onto two pieces of filter 
paper (Blood Sampling Paper, NOBUTO, Chemoscience 
(Thailand) Co., Ltd), according to the manufacturer’s in-
structions. After the blood was absorbed, the paper was 
dried at room temperature for 1–2 hours and thereafter 
sealed in sterile bags (Whirl-Pak Bags, Chemoscience 
(Thailand) Co., Ltd). The samples were stored at -20 °C 
until transport. All samples were periodically brought to 
Thailand where they were analysed by real-time polymer-
ase chain reaction (PCR) for DENV RNA detection and 

identified in Thailand11 and the Lao People’s Democratic 
Republic.12 A review of space spraying for the control 
of adult mosquitoes revealed that this intervention was 
unsustainable and did not lead to a reduction in dengue 
incidence.13 A dengue vaccine is approved for public use 
in Thailand; however, those without a history of DENV 
infection before vaccination have been found to have a 
risk of developing severe disease.14

Patients with dengue-like illnesses (DLI) have acute 
febrile illnesses (AFI) with similar clinical manifestations 
to dengue3 but without laboratory confirmation of dengue 
infection. DLI can be defined even in settings without 
laboratory facilities or rapid diagnosis test kits for confirm-
ing dengue infection.9,15 An etiological study done in the 
southern Lao People’s Democratic Republic in 2003–2004 
found that 30% (69/229) of patients presenting with non-
malarial febrile illnesses during inter-epidemic periods of 
dengue had dengue infections confirmed by enzyme-linked 
immunosorbent assay (ELISA).16 In Thailand, dengue was 
the third leading cause of AFI in rural areas.17

Active surveillance of dengue and DENV serotypes 
in non-outbreak settings is rarely conducted in the Lao 
People’s Democratic Republic or in Thailand. Identifying 
DENV infection is necessary to reduce the dengue burden 
by improving the early response and implementing con-
trol measures. The aims of this study were to assess the 
incidence and risk factors of DLI and to identify dengue 
infections in relation to socio-demographic characteris-
tics and mosquito pupal indices in selected study sites of 
both countries during an inter-epidemic period.

METHODS

Study areas and design

A two-year longitudinal study with active case detection 
was conducted in Salavan province, southern Lao Peo-
ple’s Democratic Republic and in Khon Kaen province, 
northeastern Thailand. One suburban and one rural 
village were selected in each country (Fig. 1). The two 
villages in the Lao People’s Democratic Republic and the 
two villages in Thailand are located six and nine kilo-
metres apart, respectively. These villages were selected 
based on previously described criteria.18 The study was 
conducted in both dry and wet seasons within the time 
period of March 2011 to April 2013 with slight deviations 
of the start and end dates between the sites.



https://ojs.wpro.who.int/ WPSAR Vol 10, No 1, 2019  | doi: 10.5365/wpsar.2017.8.4.001 17

Dengue-like illness in the Lao People’s Democratic Republic and in ThailandVannavong et al

components analysis.22 Variables used in the SES 
ranking have been described elsewhere.23 Two entomo-
logical indices derived from the entomological survey, 
pupae per household and pupae per person (number 
of pupae divided by number of persons in each house) 
were used as potential risk factors for DLI.24 National 
surveillance system data on dengue incidences in both 
countries were compared with the DLI data obtained in 
this study. Comparisons within and between countries 
were conducted using descriptive analysis. Univariable 
and multivariable logistic regression models were used 
to find significant relationships between the presence 
of DLI and various risk factors in each village. Variables 
with a significance level of P ≤ 0.25 derived from the 
univariable analysis were included in the multivariable 
model. A backward stepwise selection procedure was 
used to obtain significant risk factors (P < 0.05) from 
the multivariable analysis. Statistical analyses were 
done using STATA (version 10, STATA Corporation, Col-
lege Station, TX, USA).

Ethics

All participants and guardians of children signed informed 
consent forms to participate in the study. The study was 
approved by the National Ethics Committee for Health 
Research, Ministry of Health, Vientiane, Lao People’s 
Democratic Republic (No. 03) and by the Ethical Com-
mittee of Phramongkutklao College of Medicine, Bangkok, 
Thailand (S033h/53).

serotyping using previously described techniques.20 We 
obtained secondary data reported during 2010–2013 
from the national surveillance system in both countries to 
compare with data from our study.

Socio-demographic characteristics and entomological 
survey

Household information was obtained from household 
heads using a semi-structured household questionnaire. 
Data collected are displayed in Table 1. The entomologi-
cal survey was conducted once per household in 2011 
from the beginning of March to the beginning of June. 
In suburban and rural Thailand, the survey was con-
ducted in March–April 2011, while for the Lao People’s 
Democratic Republic villages, the survey was done in 
May–June 2011. All household water storage containers 
were examined for Ae. aegypti pupae, and the number of 
pupae present were counted and recorded. Pupae were 
identified to species using a dissecting microscope and 
illustrated keys as described elsewhere.18

Data analysis

Descriptive analysis of socio-demographic character-
istics and entomological data was conducted for each 
study village. Room occupancy rate was estimated us-
ing the United Nation’s definition.21 The socioeconomic 
status (SES) of each household was estimated and 
ranked into rich, intermediate and poor using principal 

Fig. 1. Number of participants and households included in the cross-sectional survey carried out during two years 
of follow-up from 2011 to 2012 in four villages in the Lao People’s Democratic Republic and in Thailand
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† Aedes aegypti pupal indices applied from Dada et al. (2013).18 Number of Aedes aegypti pupae was not available in one household of suburban Lao People’s 
Democratic Republic and in two households of rural Thailand

*Other: retired and children, Min-max: minimum-maximum

Table 1. General information of individuals, households, mosquito infestation and disease information (dengue-
like illness (DLI) and dengue) in suburban and rural villages in the Lao People’s Democratic Republic 
and in Thailand (percentages in parentheses)

  Lao People’s Democratic Republic   Thailand
  Suburban Rural Suburban Rural

Individuals     

No. of individuals 567 599 402 439
Age group (in years) 0–5 76 (13.4) 57 (9.5) 22 (5.5) 29 (6.6)
 > 5–10 55 (9.7) 68 (11.3) 25 (6.2) 24 (5.5)
 > 10–15 79 (14.0) 78 (13.0) 39 (9.7) 21 (4.8)
 > 15–20 67 (11.8) 65 (10.9) 26 (6.5) 34 (7.7)
 > 20–25 37 (6.5) 52 (8.7) 19 (4.7) 11 (2.5)
 > 25–30 53 (9.4) 48 (8.0) 21 (5.2) 13 (2.9)
 > 30–35 41 (7.2) 39 (6.5) 17 (4.2) 31 (7.1)
 > 35–40 30 (5.3) 44 (7.4) 16 (4.0) 26 (5.9)
 > 40 129 (22.7) 148 (24.7) 217 (54.0) 250 (56.9)
Mean age (in years)  25.7 28.1 40.2 41.6
Gender Male 274 (48.3) 305 (50.9) 188 (46.8) 221 (50.3)
 Female 293 (51.7) 294 (49.1) 214 (53.2) 218 (49.7)
Occupation Agriculture 178 (31.4) 392 (65.4) 50 (12.4) 284 (64.7)

Service 93 (16.4) 19 (3.2) 27 (6.7) 14 (3.2)
Commerce 33 (5.8) 12 (2.0) 80 (20.0) 8 (1.8)
Unemployed 8 (1.4) 3 (0.5) 53 (13.2) 9 (2.1)
Student 146 (25.8) 102 (17.0) 89 (22.1) 62 (14.1)
Other* 109 (19.2) 71 (11.9) 103 (25.6) 62 (14.1)

Households

Total households per village 215 130 272 139
No. of selected households 122 112 115 122

Room occupancy rate >2.5 persons/room 61 (50.0) 43 (38.4) 21 (18.3) 32 (26.2)
≤2.5 persons/room 61 (50.0) 69 (61.6) 94 (81.7) 90 (73.8)

Wealth status Poor 38 (31.1) 91 (81.2) 5 (4.3) 19 (15.6)
 Intermediate 51 (41.8) 15 (13.4) 34 (29.6) 66 (54.1)
 Rich 33 (27.1) 6 (5.4) 76 (66.1) 37 (30.3)
Housing material Cement 24 (19.7) 1 (0.9) 23 (20.0) 16 (13.1)
 Cement-wood 48 (39.3) 16 (14.3) 80 (69.6) 74 (60.7)
 Wood 50 (41.0) 95 (84.8) 12 (10.4) 32 (26.2)

Aedes aegypti pupal indices† No. [min-max] No. [min-max] No. [min-max] No. [min-max]

No. of pupae in all positive containers 903 558 1005 1005
No. of pupae per household 7.5 [0–102] 5.0 [0–231] 8.7 [0–184] 8.4 [0–153]
No. of pupae per person 1.6 [0–22.5] 0.9 [0–57.8] 2.5 [0–92] 2.3 [0–76.5]

DLI case information     

No. of DLI cases 69 3 0 11
DLI cases confirmed to be dengue 2 0 0 2
DENV serotypes DENV-1 - - DENV-2
Signs and symptoms Fever 69 (100.0) 3 (100.0) - 11 (100.0)

Headache 55 (79.7) 2 (66.7) - 9 (81.8)
Orbital pain 23 (33.3) 1 (33.3) - 7 (63.6)
Joint pain 38 (55.1) 1 (33.3) - 9 (81.8)
Rash 6 (0.9) 0 - 0
Bleeding 0 0 - 0

Age group (in years) 0–5 4 (5.8) 0 - 0
>5–10 7 (10.1) 0 - 1 (9.1)
>10–15 12 (17.4) 0 - 1 (9.1)
>15–20 12 (17.4) 1 (33.3) - 1 (9.1)
>20–25 6 (8.7) 0 - 0
>25–30 6 (8.7) 0 - 0

 >30–35 6 (8.7) 0 - 0
 >35–40 8 (11.6) 0 - 2 (18.2)
 >40 8 (11.6) 2 (66.7) - 6 (54.5)
Gender Male 31 (44.9) 0 - 2 (18.2)

Female 38 (55.1) 3 (100.0) - 9 (81.8)
Mean number of days staying in village 
during the week before DLI detection

6.6 6.3 - 6.6

Sleeping during the day No 28 (40.6) 0 - 4 (36.4)
Yes 41 (59.4) 3 (100.0) - 7 (63.6)

Dengue protection methods Mosquito net 69 (100.0) 3 (100.0) - 8 (72.7)
Bug zapper 11 (15.9) 1 (33.3) - 0
Mosquito coil 4 (5.8) 0 - 3 (27.3)
Insecticide spray 3 (4.4) 0 - 3 (27.3)
Repellent 2 (2.9) 0 - 1 (9.1)
Other 5 (7.3) 0 - 4 (36.4)
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In suburban Lao People’s Democratic Republic, DLI 
cases were recorded during the entire study period in 
both 2011 (34 cases) and 2012 (34 cases). The majority 
of the cases in rural Thailand (10 cases) were recorded in 
2011 (Fig. 2A). Most of the cases were found during the 
end of the rainy seasons (August to October in 2011 and 
October to November in 2012). The confirmed dengue 
cases were identified around these time periods. In rural 
Thailand, the confirmed dengue cases were found in 
November and December 2011.

Secondary dengue data collected from the Thai 
national surveillance system provided by the Manchakhiri 
district hospital surveillance unit showed only five and 
two confirmed dengue cases in 2011 from the suburban 
and rural village, respectively. Of these seven cases, only 
one from the rural village was enrolled in our study and 
was also confirmed as positive for DENV infection. The 
other six cases were not in the selected households. In 
the Lao People’s Democratic Republic, no dengue surveil-
lance data at the village level were available. 

District-level secondary dengue data obtained from 
both national surveillance systems showed at least a 
three-fold higher dengue incidence in the Lakhonpheng 
district (Lao People’s Democratic Republic) than in the 
Manchakhiri district (Thailand) (Fig. 2B). In the Lakhon-
pheng district, the incidence of dengue in 2010 was more 
than three times higher than in 2011 or 2012 and slightly 
higher than in 2013. In the Manchakhiri district, dengue 
incidence was low (<240 cases/100 000 population) 
during 2010–2013.

Risk factors and dengue-like illnesses

The results from the univariable (Table 2) and multivariable 
(Table 3) analyses were similar, and no correlation was 
found with Ae. aegypti pupal indices (Table 3). The uni-
variable analysis showed that risk factors associated with 
DLI in suburban Lao People’s Democratic Republic were 
age, education and occupation. Only age and occupation 
remained significantly significant in the multivariable 
analysis. In the 15–20 years age group, the odds of hav-
ing DLI symptoms were almost five times higher than the 
odds of those under 5 years of age. The odds of DLI in 
service and “other” (retired and children) occupations were 
about three times higher than the odds for farmers. In rural 
Thailand, the multivariable analysis showed no significant 
associations between DLI and any risk factor (Table 3).

RESULTS

Socio-demographic characteristics

Information on the study villages is shown in Table 1. The 
mean ages of people from suburban and rural Lao Peo-
ple’s Democratic Republic were 26 and 28 years, while 
the Thai villagers were older, mean 40 and 42 years, 
respectively. The main occupation reported was agri-
culture, especially in the rural villages of both countries, 
where 65% of individuals were farmers. The population 
densities in the Lao People’s Democratic Republic vil-
lages based on the room occupancy were more than 2.5 
persons per habitable room, which was higher than the 
Thai sites. Generally, Thai villages had higher SESs than 
those in the Lao People’s Democratic Republic.

Entomological survey

Water containers were infested with Ae. aegypti pupae 
in all study villages (Table 1). Aedes aegypti pupal 
indices were higher in Thailand than in the Lao People’s 
Democratic Republic; suburban Thailand had the high-
est numbers of pupae per household (8.7) and pupae 
per person (2.5). Similar figures were recorded in rural 
Thailand. With 5.0 pupae per household and 0.9 pupae 
per person, rural Lao People’s Democratic Republic had 
the lowest Ae. aegypti pupal indices recorded in this 
study.

Dengue-like illnesses and confirmed dengue cases

A total of 83 DLI cases were reported during the study 
period with 69 (mean age: 25 years) in suburban Lao 
People’s Democratic Republic, three in rural Lao People’s 
Democratic Republic (mean age: 49 years) and 11 in 
rural Thailand (mean age: 42 years). There were no cases 
recorded in suburban Thailand (Table 1). Of the 83 cases, 
four were confirmed DENV positive (4.8%): two from 
suburban Lao People’s Democratic Republic (both DENV-
1) and two from rural Thailand (both DENV-2). Each of 
these four DENV-positive cases was reported as a DLI 
case just one time during the study period, and all had 
sought care at local hospitals. The time from reported date 
of illness onset to specimen collection was 5 and 9 days, 
respectively, for the two cases in suburban Lao People’s 
Democratic Republic and 2 and 7, respectively, days for 
the cases in Thailand.
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DISCUSSION

Dengue and dengue-like illnesses

Eighty-three DLI cases were recorded among 2007 in-
habitants during the two-year study period (Table 1). Only 
one case, recorded in suburban Lao People’s Democratic 
Republic, was from a participant newly enrolled during 

Several methods for dengue protection were used 
by DLI cases (Table 1): indoor aerosol insecticide spray, 
mosquito coils, repellents, etc.; however, they were rarely 
recorded. Mosquito nets were thought to be protective, 
and they were used by 100% of cases in suburban and 
rural Lao People’s Democratic Republic and by 73% of 
cases in rural Thailand.

* Figures in parentheses indicate number of cases

Fig. 2A. Temporal distribution of dengue-like illness (DLI) and confirmed dengue cases in suburban and rural 
villages in Lakhonpeng district, Lao People’s Democratic Republic (DLI = 72) and Manchakhiri district, 
Thailand (DLI = 11).
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* Other: retired and children; NA: not applicable

Table 2. Univariable analyses of risk factors associated with dengue-like illnesses (DLI) in suburban Lao People’s 
Democratic Republic and in rural Thailand (Odds ratio (OR) ([95% confidence intervals, CI] p-value). 
Numbers in bold indicate significant associations (P < 0.05)

Lao People's Democratic Republic – 
Suburban village (n = 567)  Thailand – Rural village

(n = 402)
 % OR 95% CI p-value  % OR 95% CI p-value
Socio-demography          
Age group 0–5 13 1    7 1   
 >5–10 10 1.6 [0.5–4.8] 0.390  5 NA   
 >10–15 14 2.1 [0.8–5.5] 0.136  5 NA   
 >15–20 12 2.7 [1.0–6.9] 0.046  8 NA   
 >20–25 6 1.0 [0.3–4.1] 0.970  2 NA   
 >25 45 1.3 [0.5–3.2] 0.560  73 NA   
Sex Male 48 1    50 1   
 Female 52 1.1 [0.7–1.8] 0.572  50 4.6 [0.9–21.1] 0.052
Education ≤Primary school 53 1    77 1   
 >Primary school 47 2.3 [1.4–3.8] 0.001  23 1.9 [0.6–6.5] 0.311
Occupation Agriculture 31 1    65 1   

Service 16 2.2 [1.0–4.8] 0.041  3 NA
Commerce 6 1.3 [0.4–4.8] 0.643  2 NA   
Unemployed 2 3.7 [0.8–16.6] 0.086  2 4.5 [0.6–36.8] 0.158
Student 26 2.6 [1.3–5.2] 0.005  14 1.3 [0.3–6.3] 0.734
Other* 19 1.6 [0.7–3.6] 0.229  14 0.7 [0.1–5.3] 0.694

Room occupancy rate >2.5 persons/room 56 1    30 1   
≤2.5 persons/room 44 0.8 [0.5–1.3] 0.391  70 1.2 [0.3–4.4] 0.827

Housing material Cement 18 1    12 1   
Cement-wood 42 1.1 [0.6–2.2] 0.737  63 NA   
Wood 40 0.9 [0.5–1.8] 0.788  25 NA   

Wealth status Poor 29 1    14 1   
 Intermediate 42 1.3 [0.7–2.4] 0.375  53 0.3 [0.1–1.1] 0.065
 Rich 29 1.5 [0.8–2.8] 0.227  33 0.3 [0.1–1.5] 0.144
Aedes aegypti pupal indices          

No. of pupae per household 100 1.0 [0.9–1.0] 0.917  100 NA   
No. of pupae per person 0–0.49 67 1    51 1   

0.5–1.5 9 0.7 [0.2–1.9] 0.474  21 0.6 [0.1–2.6] 0.450
> 1.5 24 1.2 [0.7–2.0] 0.580  28 NA   

Table 3. Multivariable analyses of risk factors associated with dengue-like illnesses (DLI) in suburban Lao Peo-
ple’s Democratic Republic and rural Thailand (Odds ratio (OR) ([95% confidence intervals, CI] p-value). 
Numbers in bold indicate significant associations (P < 0.05)

  Lao People's Democratic Republic – 
Suburban village (n = 567)

Thailand – Rural village
(n = 402)

 % OR 95% CI p-value  % OR 95% CI p-value
Age group 0–5 13 1   7 1   

>5–10 10 2.1 [0.6–6.9] 0.251 5 NA   
>10–15 14 3.4 [0.8–14.8] 0.097 5 NA   
>15–20 12 4.8 [1.2–19.6] 0.029 8 NA   
>20–25 6 2.1 [0.4–11.9] 0.406 2 NA   
>25 45 2.8 [0.8–10.5] 0.122 73 NA   

Sex Male     50 1   
 Female     50 4.2 [0.9–19.3] 0.068
Occupation Agriculture 31 1       

Service 16 2.4 [1.1–5.4] 0.028     
Commerce 6 1.4 [0.4–5.0] 0.606     
Unemployed 2 3.2 [0.7–14.7] 0.136     
Student 26 2.3 [0.8–6.1] 0.104     
Other* 19 3.5 [1.1–11.0] 0.031     

Wealth status Poor     14 1   
 Intermediate     53 0.3 [0.1–1.2] 0.081
 Rich     33 0.3 [0.1–1.4] 0.129

* Other: retired and children; NA: not applicable
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This study revealed circulation of DENV-1 in the Lao 
People’s Democratic Republic and DENV-2 in Thailand, a 
finding corroborated by national surveillance data. DENV-
1 was detected in the Lao People’s Democratic Republic 
during 2007–2011 and accounted for the highest propor-
tion of dengue serotypes (38%) during the 2010 outbreak, 
followed by DENV-2 (30%).1 In Thailand, 54.6% of the 
DENV serotypes isolated in 2010 were DENV-2, followed 
by DENV-1 (25.5%).4

Risk factors of dengue-like illnesses

Significant risk factors for DLI were found only in 
the suburban village of the Lao People’s Democratic 
Republic, where DLI was associated with age and oc-
cupation. Individuals aged 15–20 years old were more 
likely to have DLI than those 0–5 years old, which is in 
line with a previous study conducted in Brazil.33 In the 
2010 dengue outbreak in the Lao People’s Democratic 
Republic, the most affected age group was 10–19 
years,1 similar to the findings of this study. In Thailand, 
the highest incidence rates of dengue reported between 
2000 and 2011 were in 10–14 year olds.4 Similar find-
ings occurred during a 2009 chikungunya outbreak in 
Thailand where the most affected age group was 10–14 
years.34

Employment in a service occupation was associated 
with DLI (Table 3), and 80% of these employees had 
an educational level higher than high school. A previ-
ous study found that attainment of secondary or higher 
educational degrees was significantly associated with 
dengue infection.35 This may relate to travel or work pat-
terns away from home, thus increasing their chances of 
contracting dengue infections compared with those who 
travel less. Human movement as a result of socieconomic 
development favours the spread of dengue and other 
vector-borne diseases.36,37

Clustering of DLI cases could be influenced by 
household risk within the same household; however, a 
household-level spatial analysis of DLI cases was not 
conducted in this study. Furthermore, dengue trans-
mission is not limited to within households. Schools, 
workplaces, markets, hospitals, parks, and other public 
places may play a role in dengue transmission. Dengue 
control interventions that focus on households may be 
insufficient for community-wide disease control. 

the study period. Most of the cases were recorded during 
the rainy season, consistent with previous findings.1,4 The 
incidence of DLI in the Lao People’s Democratic Republic 
was two times higher than in Thailand, which corresponds 
with the district-level dengue surveillance data reported 
from the same study periods in both countries (Fig. 2B). 
We also found that dengue incidence in Lakhonpheng 
district (Lao People’s Democratic Republic) was three to 
four times higher than in Manchakhiri district (Thailand).

No DLI was reported in suburban Thailand, although 
the national surveillance system reported five dengue 
cases from this village. The affected households were not 
included in our study. Fewer DLIs were recorded in rural 
Lao People’s Democratic Republic (three in total). One 
factor that could contribute is that the study village has no 
health facility; therefore, people may not seek health care. 

Only four of the 83 DLI cases (4.8%) were confirmed 
as dengue in this study. Non-confirmed DLIs could have 
resulted from false negative dengue or from other dis-
eases that present with similar clinical manifestations.9 
A study of a cohort of 1500 healthy children aged 2–14 
years in Indonesia, Malaysia, the Philippines, Thailand, 
and Viet Nam found that the most common causes of AFI 
(≥38°C  for ≥2 days) were chikungunya,  scrub  typhus, 
and dengue.25 Co-circulating arboviruses, such as Zika 
and chikungunya, pose challenges for disease diagnosis 
and early response to outbreaks26 since they are often 
indistinguishable clinically.27,28 In South-East Asia, 
Zika virus was first reported in Malaysia in 1966, and 
subsequent cases were also reported in many countries 
including in Thailand (2014).29 Recently, a previous 
Zika outbreak in the region was recorded in Singapore 
(2016).28 In the Lao People’s Democratic Republic and in 
Thailand, the first chikungunya outbreaks were reported 
in 195830 and 2012,31 respectively. Other infections 
that cause DLIs in the study region include scrub typhus, 
influenza, Japanese encephalitis and leptospirosis.16,32

The unexpectedly low number of confirmed dengue 
infections could be due to sample degradation from 
inadequate temperature control from intermittent power 
supplies or the use of only one laboratory method to 
detect infections. Although real-time PCR testing has 
a reported sensitivity of 93%,20 some samples could 
have been false negatives. Using both viral detection 
and serological tests, such as IgM ELISA, would improve 
diagnostic accuracy.
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In Mongolia, the incidence and fatality rates of tick-borne encephalitis (TBE) have been increasing. We aimed to 
identify the epidemiological and molecular characteristics of tick-borne encephalitis virus (TBEV) associated with fatal 
meningoencephalitis in Mongolia.

We conducted a descriptive study of 14 fatal cases of TBE that occurred between 2008 and 2017 in Mongolia. Reverse 
transcription polymerase chain reaction (RT–PCR) was used to detect viral RNA in brain tissue. RT–PCR products from 
six patients who died from TBE between 2013 and 2017 were directly sequenced and analysed phylogenetically. Ticks 
collected from Selenge and Bulgan provinces were also tested for TBEV by RT–PCR.

Between 2008 and 2017, there were 14 fatal TBE cases in hospitals in Mongolia. The 14 patients who died reported 
receiving tick bites in Bulgan or Selenge province; 71.4% of deaths resulted from tick bites in Bulgan province. The TBE 
case fatality rate was 28.6% for patients in Bulgan province and 2.7% for those in Selenge province. All of the fatalities 
were men; the median age was 45 ± 12.6 years. Tick bites occurred between April and June in forested areas. In 2013, 
a 388 base pair fragment of the envelope (E) gene was obtained from a hospitalized patient. The closest relatives of this 
virus are Far-Eastern TBEV isolates.

The case fatality rate differed between two provinces where tick bites occurred. A higher number of TBE cases and the 
virulent Far-Eastern subtype occurred in patients in Bulgan province. This province should increase vaccination coverage, 
training, education and investigations.

Tick-borne encephalitis virus (TBEV) is a member of 
the genus Flavivirus of the Flaviviridae family. The 
virion consists of a single-stranded RNA molecule 

enclosed by the core membrane and the envelope (E) 
protein. The three genetically and antigenetically closely 
related TBEV subtypes (Western, Siberian and Far-
Eastern) are not subject to significant antigenic variation.1

Tick-borne encephalitis (TBE) is a viral infectious 
disease that is transmitted by a bite from an infected tick 
and can progress to death. In Europe and Asia, between 
10 000 and 15 000 TBE cases are reported annually.1 
Reported case fatality rates (CFR) differ based on virus 
subtypes: 20–40% for the Far-Eastern subtype, 6–8% 

for the Siberian subtype and 1–2% for the European 
subtype.2

TBEV can be transmitted to humans during the 
bite of several species of infected ticks, including Ixodes 
scapularis, Ixodes ricinus and Ixodes persulcatus; 
however, the main vector of TBEV is Ixodes persulcatus.2 
Researchers isolated TBEV from Ixodes persulcatus col-
lected in Selenge and Bulgan provinces in the northern 
part of Mongolia.3,4 

TBE has recently attracted attention because of the 
increasing incidence and consequent significant harm to 
humans. Since 2005, vaccination and educational cam-
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Tick collection, processing and viral RNA ex-
traction

A total of 65 ticks (Ixodes persulcatus) were collected 
by flagging in Selenge province (17 ticks) and Bulgan 
province (48 ticks) in 2017. 

Ticks were collected from Bulgan and Selenge prov-
inces in the areas the patients recalled being bitten by a 
tick. Ticks were sampled in July 2017 using flagging meth-
ods according to the guidance of NCZD. For tick collection, 
a tick drag method was conducted using a white cloth 
sized 60 × 100 cm. Ticks were stored alive in a 50 ml 
Falcon tube until they were investigated. Tick species 
were visually identified using a tick identification guide.6

Viral RNA was isolated from ticks using a Pure Link 
RNA Mini Kit (Thermo Fisher, Waltham, MA, USA) ac-
cording to the manufacturer’s protocol. The ticks were 
frozen in liquid nitrogen then ground using a sterile mortar 
and pestle. The resulting homogenate was transferred to 
a 1.5 ml tube and mixed with 0.6 ml lysis buffer before 
viral RNA extraction.

Post-mortem sample collection, processing and 
viral RNA extraction

Post-mortem tissue samples from seven of the TBE 
patients were stored at −70 °C in the NCZD laboratory; 
tissue samples of seven other deceased patients were 
not available because the families declined autopsies. We 
excluded one patient’s sample since results of the labora-
tory analysis of this sample were previously published in 
2010.7 Samples of cerebellum, cerebral cortex and spinal 
cord of the remaining six patients who died from TBE 
between 2013 and 2017 were selected.

Viral RNA was extracted from the supernatant of 
post-mortem nervous tissue using a Pure Link RNA Mini 
Kit (Thermo Fisher, Waltham, MA, USA) according to the 
manufacturer’s protocol. The extracted RNA was eluted 
from a spin cartridge column in a volume of 100 µL 
RNase-free water.

RT–PCR with TBEV E gene specific primers

Reverse transcription (RT) was done using Super Script 
III (Thermo Fisher, USA) according to the manufacturer’s 
instruction. PCR was performed using taq-polymerase 
and sets of primers EncE-L (5′-GACCAGAGTGATC-

paigns have been administered throughout the affected 
areas of Mongolia, but human cases and fatalities from 
TBE continue to increase. The goal of this study was to 
identify the epidemiological and molecular characteristics 
of TBEV associated with fatal meningoencephalitis in 
Mongolia. Greater understanding of the virulence of TBEV 
in Mongolia and its distribution is urgently needed for the 
prevention of TBE.

METHODS

Epidemiological characteristics of fatal cases

Data on fatal TBE cases were documented by the Na-
tional Center for Zoonotic Diseases (NCZD), which has 
registered tick-borne diseases since 2005.5 We used 
data of all cases that were confirmed at the National 
Reference Laboratory of NCZD by enzyme-linked im-
munosorbent assay (ELISA), immunofluorescence assay 
(IFA) and polymerase chain reaction (PCR). Confirmatory 
diagnostic definitions were:

• Clinical criteria: Patient with at least two of the 
following signs or symptoms without other known 
reasons: fever >37.5 °C, headache, stiff neck, 
vomiting, paralysis or loss of consciousness.

• Laboratory criteria: IgM positive or IgG fourfold 
increase in pair serum OR detection of TBEV 
nucleic acid in any clinical specimen.

• Exposure history: Exposure is defined as a person 
who travelled or lived in forested areas with tick 
bites.

• Suspected cases: Patients with exposure history 
who fulfilled clinical criteria during the surveil-
lance period.

• Confirmed cases: Suspected cases + laboratory 
confirmation.

A descriptive epidemiological study was conducted 
of 14 TBE patients who died in Mongolia between 2008 
and 2017. All patients who died were bitten by ticks in 
areas of Bulgan and Selenge provinces. We collected 
clinical information on age, sex, occupation, province, 
clinical symptom onset dates, hospitalization dates and 
range of symptoms from the medical files. The CFR rate 
was calculated by the proportion of deaths among the 
laboratory-confirmed TBE cases in the province.
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gan province, three (21.4%) in Selenge province, three 
(21.4%) in Orkhon province and one (7.1%) in Darkhan-
Uul province (Fig. 1). By the tick bite area, total CFR was 
28.6% (10/35) in Bulgan, and 2.7% (4/150) in Selenge 
province. The CFR range was 18.2–50% in Bulgan and 
5.7–10% in Selenge province between 2008 and 2017. 

All of the TBE fatalities were men who reported tick 
bites during the months of April through June (April: 1/14 
[7.1%], May: 9/14 [64.3%], and June: 4/14 [28.6%]). 
The most common activities associated with tick bites 
were collecting plants (5/12, 41.6%), preparing wood 
(4/12, 33.3%), collecting animal horns (2/12, 16.7%) 
and herding livestock in forested areas (1/12, 8.3%). The 
median age of the fatal cases was 45 ± 12.6 years; the 
employments of the fatal cases included herder, driver, 
self-employed and unemployed (Table 1). 

The median incubation period was 16 ± 11.4 days. 
Generally, fatalities occurred 8.1 ± 5.2 days after clinical 
symptoms developed. The median incubation period of 
fatal cases in Selenge province was 9 days with symptom 
onset dates from 1 May to 25 June. The median days 
between symptom onset and death was 10.7 days. The 
median incubation period of fatal cases in Bulgan province 
was 12.6 days with symptom onset dates between 24 
May and 28 June. The median number of days between 
symptom onset and death was 6.7 days.

Patients with TBEV from a tick bite in Selenge 
province had a 1.4 times shorter incubation period than 
those in Bulgan province (P = 0.15). The number of days 
between symptom onset and death in Selenge province 
was 1.5 times longer than in Bulgan province (P < 0.05). 

The most common clinical signs and symptoms 
were fever (12/14, [85.7%]); paralysis (12/14, [85.7%]); 
headache (11/14, [78.6%]); vomiting (10/14, [71.5%]); 
loss of consciousness (8/14, [71.5%]); stiff neck (8/14, 
[71.5%]); muscle ache (8/14, [71.5%]); and coxalgia, 
rash, blindness, and cough with bloody mucus (each 
reported by 1/14, [7.1%]) (Table 2). All patients who died 
were not vaccinated against TBE.

Molecular epidemiology of fatal cases and in-
fected ticks

TBEV RNA was detected in two ticks (11.7%) from 
Selenge province and six brain tissue samples from 

GAGGCTG-3′) and 1643-R (5′-GCCAGATCATTRAAC-
CAGTC-3′), which flank the 388 bp fragment inside the E 
gene of the TBEV genome.

An RT–PCR master mixture was prepared using 2x 
Reaction mix 25 µl, Super Script®III (Thermo Fisher, 
USA) RT/Platinum® Taq Mix 2 µl, F and R primers 
each 1 µl, molecular water 19 µl and template RNA 2 
µl (final volume 50 µ/sample; Super Script®III One-Step 
RT–PCR System with Platinum®Taq DNA Polymerase, 
#12574–026, (Thermo Fisher, USA). The RT–PCR 
conditions were: 1 cycle of 50 °C for 45 minutes and 
94 °C for 5 minutes; 40 cycles of denaturation at 94 °C 
for 1 minute, annealing at 58 °C for 1 minute, and exten-
sion at 72 °C for 2 minutes; and final extension at 72 °C 
for 7 minutes. The PCR products were detected in UV 
light as ethidium bromide-stained 388-base pair bands 
electrophoresed with a marker on 1.5% agarose gel. A 
band detected on the gel was purified using the quick 
PCR Purification Kit (Qiagen, Hilden, Germany).

Sequence analysis

Sequence analyses of the PCR products were conducted 
at the Institute of Veterinary Medicine of Mongolia us-
ing Genetic Analyser 3100 Xl with Bigdye v3.1 (Thermo 
Fisher, USA) according to the manufacturer’s protocol. 
Raw data sequences were analysed to create FASTA 
files with Sequence analyser v5.2 and Codoncode align-
ment v7.1. The sequence results were checked using the 
BLAST website of the National Center for Biotechnology 
Information.8 Phylogenic analyses of the PCR products 
sequences were performed using Crustal X v2.0 and 
MEGA 7.0.

Ethical statement

Post-mortem tissue samples were collected and stored 
at the NCZD laboratory. Ethical clearance was not re-
quired as NCZD is responsible for analysis of zoonotic 
diseases. 

RESULTS

Epidemiological characteristics of fatal cases

Fourteen patient fatalities were registered in Mongolia 
between 2008 and 2017 for a CFR of 4.9% (14/287). 
Seven (50%) of the documented patients lived in Bul-
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Each red dot represents the location of a tick bite associated with a case of TBE. Provinces where patients with TBE were hospitalized are shaded in green and yellow.

Fig. 1. Distribution of 14 fatal TBE cases
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Table 1. Epidemiological characteristics of fatal TBE cases in Mongolia, 2008–2017

Characteristics Number of fatalities
(n = 14)

Percentage

Sex Male 14 100
Age group (years) 30–39 6 42.9

40–49 3 21.4
50–59 2 14.3

Above 60 3 21.4
Employment Herder 5 35.7

Unemployed 4 28.6
Driver 2 14.3

Private worker 2 14.3
Pensioner 1 7.1

Exposure month April 1 7.1
May 9 64.3
June 4 28.6

Reason for tick bite Prepared wood 4 28.6
Collected plants 5 35.7
Herding livestock 1 7.1
Collected horns 2 14.3

Unknown 2 14.3
Tick bite province Selenge 4 28.6

Bulgan 10 71.4
Diagnosis Meningoencephalitis 12 85.7

Meningoencephalomyelitis 2 14.3
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One fatal case from Bulgan province in 2013 had an 
identifiable nucleotide structure. Samples from the other 
five fatalities did not yield enough product for sequencing. 
The nucleotide sequence of the sample was most similar 
(90%) to the isolate TBEV-MN-2008 (HM133639.1) ac-
cording to GenBank data.8 Phylogenetic analysis showed 
that the isolated virus belonged to the Far-Eastern sub-
type (strains of the 886 and X1subtype) of TBEV.7,9,10

six patients who died (one in Selenge, five in Bulgan) 
between 2013 and 2017. By RT–PCR, the TBEV E gene 
was amplified from synthesized cDNA using primer sets 
targeting the E gene of TBEV that produced a 388 base 
pair fragment. This fragment of E gene was isolated from 
six patients who died and two ticks. No nucleotide struc-
tures suitable for sequence analysis could be identified in 
either tick sample.

Table 2. Clinical symptoms of fatal TBE cases in Mongolia, 2008–2017

Province 
of tick 
bite

Age, sex Incubation 
period 
(days)

Date of 
symptom 

onset

Initial symptoms 
reported

Date of 
hospitalization

Signs and 
symptoms 
recorded

Number of 
days between 

symptom 
onset and 

death

Selenge 38, M 6 22 Jun 2008 Headache 28 Jun 2008 Coma 8

66, M 10 24 May 2015 Headache 24 May 2015 Loss of conscious-
ness, coma, paraly-
sis, coxalgia

23

34, M 5 25 Jun 2015 Fever, headache,
vomiting, stiff 
neck

28 Jun 2015 Loss of conscious-
ness, coma, 
paralysis

8

35, M 15 1 Jun 2017 Headache 4 Jun 2017 Loss of conscious-
ness, coma, 
paralysis

4

Bulgan 50, M 8 20 June 2008 Fever, headache, 
vomiting, stiff 
neck

21 Jun 2008 Loss of conscious-
ness, coma, paraly-
sis, rash, cough with 
bloody mucus

12

41, M 33 28 Jun 2013 Headache, 
vomiting

30 Jun 2013 Loss of conscious-
ness, coma, paraly-
sis, muscle ache

12

46, M 4 24 May 2013 Fever, headache, 
vomiting

24 May 2013 Loss of conscious-
ness, fever, coma, 
facial paralysis, 
blindness, muscle 
ache

5

31, M 15 20 Jun 2013 Fever, headache, 
vomiting, stiff 
neck

22 Jun 2013 Loss of conscious-
ness, paralysis, 
muscle ache

3

43, M 14 10 Jun 2016 Fever, headache, 
vomiting

12 Jun 2016 Paralysis, muscle 
ache

4

54, M 13 21 Jun 2016 Fever, headache, 
vomiting, stiff 
neck

23 Jun 2016 Paralysis, muscle 
ache

6

34, M Unknown 24 May 2017 Fever, vomiting, 
stiff neck

26 May 2017 Paralysis, muscle 
ache, heartache

5

33, M 16 25 May 2017 Fever, headache, 
stiff neck

29 May 2017 Loss of conscious-
ness, coma

11

62, M 10 1 Jun 2017 Fever, headache, 
vomiting, stiff 
neck

3 Jun 2017 Paralysis, muscle 
ache

5

60, M 38 31 May 2017 Fever, headache, 
vomiting, stiff 
neck

1 Jun 2017 Loss of conscious-
ness, coma, paraly-
sis, muscle ache

7
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CONCLUSION

Despite these drawbacks, this study provides important 
epidemiological and molecular analysis of recent TBE 
cases and associated fatalities due to meningoencepha-
litis. As this tick-borne disease continues to be a public 
health concern to endemic provinces in Mongolia, our 
study can help prevent infection and subsequent serious 
or fatal illness. These findings support expanded vaccina-
tions for Bulgan province and continued vaccination in 
Selenge province. At-risk individuals from both provinces 
should be targeted for education and prevention mes-
sages. More research is necessary to discover which 
subtypes of TBEV are circulating among tick vectors 
in these regions and how these subtypes may impact 
disease susceptibility and recovery in patients. A more 
coordinated effort is needed between health research 
and public policy officials to combat the increasing risk of 
TBEV transmission in Mongolia.
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Introduction: There are two methods of reverse transcription polymerase chain reaction (RT–PCR) that have been the 
common methods to detect influenza infections: conventional and real-time RT–PCR. From December 2017 to March 
2018, several missed diagnoses of influenza A(H1)pdm09 using real-time RT–PCR were reported in northern Viet Nam. 
This study investigated how these missed detections occurred to determine their effect on the surveillance of influenza.

Methods: The haemagglutinin (HA) segments of A(H1N1)pdm09 from both real-time RT-PCR positive and negative 
samples were isolated and sequenced. The primer and probe sets in the HA gene were checked for mismatches, and 
phylogenetic analyses were performed to determine the molecular epidemiology of these viruses.

Results: There were 86 positive influenza A samples; 32 were A(H1)pdm09 positive by conventional RT–PCR but were 
negative by real-time RT–PCR. Sequencing was conducted on 23 influenza (H1N1)pdm09 isolates that were recovered 
from positive samples. Eight of these were negative for A(H1)pdm09 by real-time RT–PCR. There were two different 
mismatches in the probe target sites of the HA gene sequences of all isolates (n = 23) with additional mismatches only at 
position 7 (template binding site) identified for all eight negative real-time RT–PCR isolates. The prime target sites had no 
mismatches. Phylogenetic analysis of the HA gene showed that both the positive and negative real-time RT–PCR isolates 
were grouped in clade 6B.1; however, the real-time RT–PCR negative viruses were located in a subgroup that referred to 
substitution I295V.

Conclusion: Constant monitoring of genetic changes in the circulating influenza A(H1N1)pdm09 viruses is important for 
maintaining the sensitivity of molecular detection assays.

Influenza A(H1N1)pdm09 is a novel influenza detected 
in humans in 2009, causing the first influenza 
pandemic in more than 40 years.1 Since then, the virus 

has become a seasonal influenza virus and continues 
to circulate worldwide in humans and pigs.1,2 In 
Viet Nam, influenza A(H1N1)pdm09 spread quickly into 
communities in July 2009 and predominated, comprising 
about 85–90% of all influenza viruses during August 
and September of the 2009 season. After that, influenza 
A(H1N1)pdm02 became endemic, co-circulating with 
influenza A(H3N2) and B viruses.3–5 From December 
2017 to March 2018, there was circulation of both 
influenza A and B, with influenza A(H1N1)pdm09 again 
predominating in Viet Nam. Influenza A(H1N1)pdm09 

was also the cause of outbreaks in other Asian countries 
and territories including India, Singapore, Hong Kong 
Special Administrative Region (SAR) and others.6–8

The gold standard assay for influenza diagnosis is the 
reverse transcription polymerase chain reaction (RT–PCR) 
assay. Of the two methods, real-time RT-PCR has many 
advantages over conventional RT-PCR. Most notably, it is 
time-saving, the data can be collected at the exponential 
phase of the reaction, and quality of amplification can be 
monitored during the run. Real-time RT–PCR can also 
detect a single target in a very small concentration of DNA 
or RNA because it uses a fluorescent dye that binds to 
targets. Despite these benefits, conventional RT–PCR is 

Missed detections of influenza 
A(H1)pdm09 by real-time RT–PCR 
assay due to haemagglutinin sequence 
mutation, December 2017 to March 2018, 
northern Viet Nam
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Genetic characterization

Molecular testing assays

Ribonucleic acid (RNA) extraction was conducted on a 
140µl aliquot of each sample using the QIAamp Viral 
RNA Mini Kit (Qiagen, Hilden, Germany) according to 
the manufacturer’s instructions. Influenza detection was 
performed using both standard molecular methods (con-
ventional RT–PCR and real-time RT–PCR), employing 
specific primer and probe sets targeted to the matrix, hae-
magglutinin (HA) gene and nucleoprotein gene according 
to the SOPs of the NIC at NIHE in Hanoi (Fig. 1). These 
primers and probes were constructed following guidelines 
of the CDC and the World Health Organization.10,12

Nucleotide sequencing and phylogenetic analysis

The influenza A(H1N1)pdm09 isolates were collected 
after growth in MDCK cells and their identify confirmed 
by using haemagglutination inhibition assay kits, pro-
vided by the CDC in 2017. The isolates with HA titre of 
more than 8 haemagglutinating units were selected for 
HA genetic analysis. RNA extraction was conducted on 
a 140 µl aliquot of each isolate using the viral RNA ex-
traction kit (Qiagen, Valencia, CA, USA) according to the 
manufacturer’s instruction. Sanger sequencing was used 
to determine the nucleotide sequence of the HA gene. 
Briefly, cDNA was first performed using the influenza 
A virus universal primer (Uni 12) AGC AAA AGC AGG 
as described (SuperScript® III First-Strand Synthesis 
System, Thermo Scientific, MA, USA), followed by PCR 
with HA specific primer (HotStar HiFidelity Polymerase 
Kit, Qiagen, Valencia, CA, USA). The PCR products were 
purified with PCR purification kits (Qiagen, Valencia, 
CA, USA) and sequenced using Big Dye Terminator v3.1 
(Thermo Scientific, MA, USA) on an ABI 3130 automatic 
DNA sequencer.

Analysis of nucleotide sequence data

Sequences were assembled using DNASTAR v.8.013 and 
multiple sequences alignment by Bioedit v.7.0.5.14 The 
1140 bp haemagglutinin domain 1 (HA1) sequences 
were constructed into a phylogenetic tree by MEGA7, 
using a maximum likelihood method with bootstrap 
supported values.15 Reference HA genes (the recent 
recommended vaccine strains A/California/07/2009, 
A/Michigan/45/2015 and others) were obtained from 
the National Center for Biotechnology Information in 

the dominant method in genetics-based diagnostic testing 
for influenza in Viet Nam because it is less expensive.

Sensitivity and specificity are key characteristics 
for diagnostic tools, and a high sensitivity is important 
when the test is used to identify emerging infectious 
diseases. Both conventional RT–PCR and real-time RT–
PCR assays are rapid, sensitive methods for detecting the 
genetic material of influenza viruses. However, mutations 
in the viral genome that generate novel variants cause the 
sensitivity of these molecular tests to decrease and may 
lead to false-negative results. The A(H1)pdm09 primers 
and probe used in Viet Nam were adopted from the 
United States Centers for Disease Control and Prevention 
(CDC) developed in 20099,10 and are commonly applied 
in public health laboratories throughout Viet Nam.

In Viet Nam, the national sentinel influenza surveil-
lance system, administered by the National Institute of 
Hygiene and Epidemiology (NIHE) of Viet Nam’s Ministry 
of Health, comprises sentinel clinics linked to regional 
public health laboratories. Throat swabs collected from 
influenza-like illness (ILI) and severe acute respiratory in-
fection (SARI) patients are tested for influenza using both 
conventional and real-time RT–PCR.4 In this study, we 
investigated A(H1N1)pdm09 virus isolates that could not 
be subtyped using real-time RT–PCR from surveillance 
specimens collected in late 2017 and early 2018. These 
misdiagnoses may affect the sensitivity of real-time RT–
PCR assays used for influenza surveillance in Viet Nam.

METHODS

Source of samples

Between December 2017 and March 2018, there were 
256 throat swabs collected from ILI and SARI patients 
according to WHO case definitions11 as part of the na-
tional sentinel influenza surveillance system. Among 256 
specimens, 60 samples were from cases of ILI and 196 
were cases with SARI.

Viral isolation

The respiratory swabs positive for influenza A(H1N1)pdm09 
were inoculated on Madin-Darby Canine Kidney (MDCK) 
cells according to the standard operating procedures 
(SOPs) of the National Influenza Center (NIC) located at 
NIHE in Hanoi. The viruses were harvested and stored at 
−80 °C until analysis.



https://ojs.wpro.who.int/WPSAR Vol 10, No 1, 2019  | doi: 10.5365/wpsar.2018.9.3.00334

Hoang et alRecent mismatch in probe site affects detection of influenza A(H1)pdm09

The distribution of subtypes by real-time RT–PCR 
was significantly different from that of conventional 
RT–PCR (χ2 test p value <0.05).

Phylogenetic tree of HA1 gene influenza 
A(H1N1)pdm09

The HA1 phylogenetic analysis compared 23 influenza 
A(H1N1)pdm09 isolates, eight of which were negative 
for A(H1)pdm09 by real-time RT-PCR, along with other 
influenza A viruses that circulated in Viet Nam during 
2016-2018 (Fig. 2). The A(H1N1)pdm09 viruses col-
lected before this study period (September 2016 to 
February 2017) were mostly in the phylogenetic clade 
6B, whereas most of the circulating viruses in 2017 and 
early 2018 were from subgroup 6B.1, represented by A/
Michigan/45/2015. A small proportion of viruses were 
grouped in subgroup 6B.2 (Fig. 2).

All of the 23 influenza A(H1N1)pdm09 isolates 
from this study belonged to subgroup 6B.1, and amino 
acid analysis showed differences at residues S84N, 
S162N and I216T in the HA protein of subgoup 6B.1 
compared to those in subgroup 6B.2 (Fig. 2). These  
isolates were closely related to viruses circulating in 
Australia, the Hong Kong SAR and Singapore. The eight 
isolates that were positive by conventional RT–PCR but 
negative by real-time RT–PCR gathered in new sub-

Bethesda, MD, USA. All study sequences were deposited 
in Genbank (MH636827 to MH636834).16

Primer and probe binding regions were aligned with 
recent circulating A(H1N1)pdm09 viruses to check for 
mismatches by using Geneious v.8.1.8 software.17

Ethics

The routine surveillance activities were approved by the 
Ethic Committee and the Scientific Committee of NIHE.

RESULTS

Detection of influenza A(H1)pdm09 during 
study period

There were 86 samples positive for influenza A by both 
conventional RT–PCR and real-time RT–PCR during the 
study period (Table 1). Using conventional RT–PCR for 
subtyping, there were 82 samples (95.4%) that were 
A(H1N1)pdm09 positive and four samples (4.6%) that 
were A(H3) positive; we were able to subtype all of these 
samples. Using real-time RT–PCR testing, 50 samples 
(58.2%) were positive for A(H1)pdm09, four samples 
were positive for A(H3) (4.6%) and 32 (37.2%) samples 
could not be subtyped (Table 1).

 

 

 
 Forward Primer Probe Reverse Primer 
Sequence     
A/Vietnam/37732/2017           
A/Vietnam/SARI02TN17003/2017   
A/Vietnam/DUKE1017019/2017     
A/Vietnam/SARI29NH17003/2017  
A/Vietnam/SARI18ND17003/2017   
A/Vietnam/VR0337712/2017      
A/Vietnam/IS0717032/2017       
A/Vietnam/SARI27HH17012/2017   
A/Vietnam/IS0917045/2017      
A/Vietnam/SARI18ND17035/2017   
A/Vietnam/SARI27TN17004/2017   
A/Vietnam/SARI18NH17034/2017 
A/Vietnam/SARI29TN17060/2017   
A/Vietnam/SARI18NH17155/2017   
A/Vietnam/SARI02TN17084/2017 
A/Vietnam/SARI02TN18012/2018   
A/Vietnam/SARI02TN18009/2018 
A/Vietnam/SARI02CC18014/2018   
A/Vietnam/SARI02TN18021/2018   
A/Vietnam/SARI02TN18018/2018   
A/Vietnam/SARI18HH18010/2018   
A/Vietnam/SARI18HH17006/2017 

GTGCTATAAACACCAGCCTYCCA  
....................... 
....................... 
....................... 
....................... 
....................... 
....................... 
....................... 
.......................  
....................... 
....................... 
....................... 
....................... 
....................... 
....................... 
.......................  
.......................  
....................... 
....................... 
....................... 
....................... 
....................... 
....................... 

CAGAATATACATCCRGTCACAATTGGARAA 
...............A..........G... 
...............A..........G... 
...............A..........G... 
...............A..........G... 
...............A..........G... 
...............A..........G... 
...............A..........G... 
...............A..........G... 
...............A..........G... 
...............A..........G... 
...............A..........G... 
...............A..........G... 
...............A..........G... 
......G........A..........G... 
......G.G......A..........G... 
......G.G......A....G.....G... 
......G........A..........G... 
......G........A..........G... 
......G........A..........G... 
......G........A..........G... 
......G........A..........G... 
...............A..........G... 

GCYACAGGATTAAGGAATATCCCG 
...........G......G.....  
...........G......G.....  
...........G......G.....  
...........G......G.....  
...........G......G.....  
...........G......G.....  
...........G......G.....  
...........G......G.....  
...........G......G.....  
...........G......G.....  
...........G......G.....  
...........G......G.....  
...........G......G..... 
...........G............ 
...........G......G..... 
...........G......G..... 
...........G......G..... 
...........G......G..... 
...........G......G..... 
...........G......G..... 
...........G......G..... 
.........C.G......G..... 

Red dots indicate identity with primer or probe sequence.
Yellow highlights indicate mismatched nucleotides at position 7 (A/G) and position 9 (A/G) of probe.Red dots indicate identity with primer or probe sequence.

Yellow highlights indicate strains with mismatched nucleotides at position 7 (A/G) and position 9 (A/G) of probe.

Fig. 1. Comparison nucleotide sequences of primer–probe sets and HA sequences of influenza A(H1N1)pdm09
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ILI: influenza-like illness; SARI: severe acute respiratory infection

Table 1. Number and proportions of A(H1)pdm09-positive isolates by subtyping using real-time RT–PCR and 
conventional RT–PCR

Real-time RT–PCR
Influenza A positive n (%)

Conventional RT–PCR 
Influenza A positive n (%)

Sample source Influenza A Subtypes Unable to be 
subtyped

Influenza A Subtypes

H1pdm09 H3 H1pdm09 H3

SARI patients
n = 196

52 31
(36.1)

3 18
(21)

52 49
(57)

3

ILI patients
n = 60

34 19
(22.1)

1 14
(16.2)

34 33
(38.4)

1

Total
n = 256

86
(100)

50
(58.2)

4
(4.6)

32
(37.2)

86
(100)

82
(95.4)

4
(4.6)

Text in pink indicates isolates in 2018. Text in blue indicates isolates in 2017. Text in green indicates isolates in 
2016. Text in red indicates vaccine strains. Red dots indicate mutant isolates.

Fig. 2. HA1 phylogenetic tree of influenza A(H1)pdm09 circulating in northern Viet Nam, 2016–2018
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to use for influenza A(H1)pdm09 detection where a new 
probe is being modified or developed.18

Molecular assays, such as RT–PCR, have been ac-
cepted as the gold standard diagnostic tool for the detec-
tion of influenza viruses, and real-time RT–PCR has been 
a key development in PCR-based technology, significantly 
increasing the sensitivity and reducing the turnaround time 
compared with conventional PCR. However, this study 
shows that monitoring the evolution of influenza A viruses 
and adapting the RT–PCR probes and primers accordingly 
are required to minimize the risk of missed detections.19 
Recently developed next-generation sequencing technol-
ogy and advanced molecular assays may also be useful 
tools to identify virus subtypes from clinical specimens 
when the samples cannot be subtyped and support rapid 
and accurate detection of an influenza outbreak allowing 
for appropriate patient care and treatment.18–21

This study is limited in that it was based on samples 
collected from a small number of sentinel sites in northern 
Viet Nam with a small number of isolates (n = 23). There-
fore the results may not be representative of all regions 
in Viet Nam or even of all areas in northern Viet Nam. 
However, that there was a mutation detected that may 
have resulted in the false-negative results by real-time 
RT–PCR demonstrates the influence of sequence variation 
in influenza viruses, which can result in probe mismatches 
on real-time RT–PCR assays for influenza detection in 
Viet Nam. This indicates a need for newly designed or 
modified primers and probes to effectively detect variant 
influenza viruses. To sustain sentinel influenza surveillance 
in Viet Nam, the evolution of influenza viruses should be 
monitored to determine genetic variants related to reduced 
sensitivity of diagnostic assays in a timely manner. This 
would be useful information not only for Viet Nam’s 
national surveillance system but also for other influenza 
surveillance systems worldwide.

The mismatch detected at position 7 on the probe 
nucleotide sequence site indicates that the real-time RT–
PCR conditions likely tolerated these mismatches. This 
limits the effectiveness of real-time RT–PCR for detecting 
A(H1N1)pdm09 in clinical samples and isolates and 
should be monitored. Alternatively, conventional RT–PCR 
could be used as the preferred method or for those isolates 
where real-time RT–PCR cannot determine a subtype. It 

groups that derived from 6B.1 with a change at residue 
S74R and I295V. The mutation S164T appeared in only 
six isolates of which five had been collected in early 
2018.

Examining mismatches between primer and 
probe sequences used in the real-time RT–PCR 
assay and circulating A(H1N1)pdm09 viruses

There were no mismatches and no significant changes in 
the forward and reverse primers in either the negative and 
positive real-time RT–PCR viruses in this study. However, 
three mismatches at position 7 (A to G), 9 (A to G) and 17 
(A to G) at the probe’s target sites were unique to the real-
time RT–PCR negative viruses (Fig. 1); six of these had a 
mismatch at the 7th base, one had two mismatches at the 
7th and 9th bases, and the other had three mismatches 
at the 7th, 9th and 21st bases (Fig. 1). All positive and 
negative influenza A(H1)pdm09 viruses by real-time RT–
PCR had mismatches at the 16th (G to A) and 27th (A to 
G) bases in the probe’s site, implying that the real-time 
RT–PCR conditions likely tolerated these mismatches. 

Analysing the HA protein of A(H1)pdm09 real-time 
RT–PCR negative isolates, the substitution I295V (HA1 
numbering) referred to a single nucleotide mutation at 
position 7 in the probes (Fig. 3). This mutation is one of 
the two mutations related to new subgroups derived from 
group 6B.1 (Fig. 2, 3).

DISCUSSION

This study reports point mutations in the HA gene at spe-
cific probe sequence positions, which may have caused the 
false-negative subtyping results using real-time RT–PCR 
for influenza A(H1)pdm09 from December 2017 to March 
2018 in Viet Nam. The mutation was located at the 7th 
base in the probe’s hybridization site that may not distin-
guish real-time RT–PCR negative and positive A(H1)pdm09 
isolates and likely reduce the probe binding efficiency. All 
isolates with this mutation were in subgroup 6B.1, similar 
to A(H1N1)pdm09 viruses circulating worldwide recently.1 
Among these mutations, substitution I295V represents a 
mismatch between the real-time RT–PCR probes and the 
HA segment. However, the mutation at position 295 in 
HA1 protein has minor impact on RT–PCR performance; 
therefore, conventional RT–PCR may be the best assay 
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in Vietnam, 2010-2013. Influenza Other Respir Viruses. 2015 
Jul;9(4):216–24. doi:10.1111/irv.12323 pmid:25966032

4. Nguyen YT, Graitcer SB, Nguyen TH, Tran DN, Pham TD, Le MTQ, 
et al. National surveillance for influenza and influenza-like illness 
in Vietnam, 2006-2010. Vaccine. 2013 Sep 13;31(40):4368–74. 
doi:10.1016/j.vaccine.2013.07.018 pmid:23911781

5. Western Pacific Region Global Influenza Surveillance and Re-
sponse System. Epidemiological and virological characteristics 
of influenza in the Western Pacific Region of the World Health 
Organization, 2006-2010. PLoS One. 2012;7(5):e37568. 
doi:10.1371/journal.pone.0037568 pmid:22675427

6. Influenza Update N° 308. Geneva: World Health Organization; 
2018 (https://www.who.int/influenza/surveillance_monitoring/
updates/2018_02_05_surveillance_update_308.pdf).

7. Influenza Update N° 306. Geneva: World Health Organization; 
2017 (https://www.who.int/influenza/surveillance_monitoring/
updates/2018_01_08_surveillance_update_306.pdf).

8. Countries in the temperate zone of the Northern Hemisphere, Bi-
weekly Influenza Situation Update. Manila: WHO Regional Office 
for the Western Pacific; 2016 (http://iris.wpro.who.int/bitstream/
handle/10665.1/14173/Influenza-20160621.pdf). 

9. The use of PCR in the surveillance and diagnosis of influenza. 
Geneva: World Health Organization; 2011 (http://www.who.int/
influenza/gisrs_laboratory/final_who_pcr__meeting_report_
aug_2011_en.pdf).

is also recommended that the primers and probes used 
be monitored and that a validation process for real-time 
RT–PCR primer–probe systems be developed.
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The World Health Organization recommends that 
countries or organizations that host mass gatherings 
plan ahead and prepare for possible public health 

events to ensure a safe environment for local residents, 
participants and travellers.1 Public health events during 
mass gatherings can also affect non-host countries. 
There are numerous reports of the spread of infectious 
diseases by travellers returning from mass gatherings,2 
which can potentially pose the risk of an outbreak of new 
infectious diseases to travellers’ home countries. With 
more frequent travel across borders, it is prudent that 
non-host countries prepare for mass gathering events.

The 2018 PyeongChang Olympic Winter Games 
was held in the Republic of Korea between 9 February 
and 25 February 2018, followed by the Paralympic 
Games between 9 March and 18 March 2018. In both 
Games (hereinafter referred to as the Games), nearly 
3000 athletes from 92 countries competed in 13 sports. 
Many travellers from Japan were expected to visit the 
Games. We conducted ad hoc event-based surveillance 
and risk assessments of Games-related public health 
events, especially infectious diseases outbreaks, which 
could affect Japanese athletes, travellers and residents in 
the Republic of Korea and which could have an influence 
on Japan. We described our methods and the lessons 
learnt through this project in this report.

One person was assigned to conduct event screening 
during weekdays using official and unofficial information 
sources (Fig. 1). During the Games, we identified priority 

infectious diseases to be monitored, such as diseases 
commonly seen in the Republic of Korea (e.g. mumps, 
hepatitis A and varicella);3 diseases commonly seen 
in the winter in Asia (e.g. gastroenteritis and seasonal 
influenza); diseases that are prone to cause outbreaks 
during a mass gathering (e.g. meningococcal disease); 
and diseases with global public health significance (e.g. 
animal and human infection with avian influenza virus, 
measles, rubella and infection with multidrug-resistant 
bacteria). We screened reports from the media via In-
ternet searches using the following pre-specified search 
terms:

Infectious disease, food poisoning, infection, Zika, 
Ebola, severe fever with thrombocytopenia syn-
drome, chikungunya, dengue, pathogen, bacteria, 
virus, drug resistance, influenza, yellow fever, Lassa, 
anthrax, MERS, outbreak, hepatitis A, hepatitis, 
haemorrhagic fever with renal syndrome, mumps, 
measles, rubella, varicella, typhoid fever, malaria, 
syphilis, HIV, gonorrhea, meningococcal disease or 
norovirus infection.

We referred to the World Animal Health Information 
System,4 ProMED,5 the Center for Infectious Disease 
Research and Policy6 and weekly reports from the Korea 
Centers for Disease Control and Prevention (KCDC)3 to 
monitor events at the Games, using web-based automatic 
translation if written in the Korean language. We also 
screened weekly reports from the National Epidemiologi-
cal Surveillance of Infectious Disease (NESID) in Japan7 
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with them at least weekly. We continued this activity for 
seven weeks: one week before, one week after and five 
weeks during the Games.

The mean number of signals identified per day was 
five. The average time required to triage all signals was 
20 minutes per day.  Five public health events under-
went further risk assessments. One was a norovirus out-
break reported on 5 March 2018.9 We determined that 
the risks of this event affecting Japanese travellers and 
residents in the Republic of Korea as well as spreading 
to Japan were low. There was a low probability that 
this event that would require an international response, 
given the low severity of the disease and quick response 
by the Korean Government. We also detected additional 
events of animal infection with avian influenza A(H5N6) 
virus; however, we considered the impact to be limited 

to search for indicators of potential disease importation 
from the Republic of Korea or disease spread in Japan. 
NESID includes more than 100 notifiable diseases and 
diseases on its sentinel surveillance system.8 If we dis-
covered pertinent signals, we contacted KCDC for signal 
verification. After verification, Infectious Disease Surveil-
lance Center, Japan (IDSC) staff and Field Epidemiology 
Training Program (FETP) trainees assessed the likelihood 
and consequence of further spread of the event that could 
potentially impact on Japanese athletes, travellers, resi-
dents of the Republic of Korea and the public in Japan. The 
staff and trainees also assessed risk perception among 
Japanese nationals and among government officials of 
Japan to the event in the context of the Games. If the 
level of risk was high or very high, IDSC communicated 
with the Japanese Ministry of Health, Labour and Welfare 
(MHLW) for further action. The results were also shared 

CIDRAP: Center for Infectious Disease Research and Policy; IDSC: Infectious Disease Surveillance Center: National Institute of Infectious Diseases, Japan; KCDC: 
Korea Centers for Disease Control and Prevention; MHLW: Ministry of Health, Labour and Welfare, Japan; NESID: National Epidemiological Surveillance for 
Infectious Diseases, Japan.

Fig. 1. Algorithm of event-based surveillance and risk assessment of Games-related infectious disease events 
with potential impact on Japanese travellers and residents in the Republic of Korea during the 2018 
PyeongChang Olympic and Paralympic Winter Games

Signal

Verification

Risk assessment

Further action

Level of the risk is 
high or very high

Media, ProMED
CIDRAP, KCDC

report, NESID

Games-related events with potential impact on 
Japanese athletes, travelers and residents in the 
Republic of Korea or Japan were screened by 
prespecified terms* and identified  as a signal. 

* Search terms were: infectious disease, infection, 
outbreak, pathogen, bacteria, virus, drug resistance, 
food poisoning, Zika, Ebola, severe fever with 
thrombocytopenia syndrome, tick-borne, chikungunya, 
dengue, influenza, yellow fever, Lassa, anthrax, MERS, 
hepatitis, haemorrhagic fever with renal syndrome, 
mumps, measles, rubella, varicella, typhoid fever, 
malaria, syphilis, HIV, gonorrhea meningococcal 
disease or norovirus infection

A designated person at IDSC conducted signal triaging. 
Priority infectious diseases were:
• diseases commonly seen in the Republic of Korea 

and Asia in winter;
• diseases prone to cause an outbreak during mass 

gatherings; and
• diseases with global public health significance.

IDSC staff and Field Epidemiology Training Program 
trainees assessed the likelihood and consequence of 
further disease spread that could potentially impact:
• Japanese athlete, travellers and residents in the 

Republic of Korea; and
• the public in Japan.

Risk perceptions among the public and health officials 
were also assessed at the end of this process.

IDSC communicated with MHLW for further action.
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sectors in non-host countries is that additional time and 
resources are needed to implement an EBS system in 
another country. In this project, however, the ad hoc 
EBS system was an extension of an existing EBS system 
and did not result in additional financial and opportunity 
costs.10 If the host country has an established, organ-
ized indicator-based surveillance system and is willing to 
share information in the system with non-host countries, 
the burden to the non-host country would be minimal.

If an event becomes an extended and serious threat 
to public health, prompt upscaling of the response is 
warranted.11 As emphasized in the Asia Pacific Strategy 
for Emerging Disease and Public Health Emergencies,12 
having surge capacity to expand routine EBS and risk as-
sessment is imperative to respond to an outbreak during 
large mass gatherings.

It seems feasible to apply similar methods during 
other mass gatherings, although limitations should be 
considered before planning a similar EBS and risk assess-
ment system. First, successful EBS and risk assessment 
depend on the infrastructure of the host country and its 
information-sharing system. Second, disease prioritiza-
tion for EBS and risk assessment during mass gatherings 
needs the understanding of local disease epidemiology 
and the context of the host country.  Third, translations 
by web-based automatic translation systems can be inac-
curate;13 although the information in the media reports 
in English aligned with the original Republic of Korea 
reports.

We described our experience in EBS and risk as-
sessment during a mass gathering from the perspective 
of a non-host country. Building in-country EBS, a risk 
assessment system and establishing lines of communica-
tion with host countries before the event are of critical 
importance for successful preparation. Regional networks 
can help to establish and maintain communication with 
host countries. Our experience could be a meaningful 
model for non-host countries to prepare and enhance 
EBS for mass gatherings held in other countries.
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