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Influenza control strategies focus on the use of trivalent influenza vaccines containing 
two influenza A virus subtypes and one of the two circulating influenza type B lineages 
(Yamagata or Victoria). Mismatches between the vaccine B lineage and the circulating 
lineage have been regularly documented in many countries, including those in the 
Asia- Pacific region. We conducted a literature review with the aim of understanding 
the relative circulation of influenza B viruses in Asia- Pacific countries. PubMed and 
Western Pacific Region Index Medicus were searched for relevant articles on influ-
enza type B published since 1990 in English language for 15 Asia- Pacific countries. 
Gray literature was also accessed. From 4834 articles identified, 121 full- text articles 
were analyzed. Influenza was reported as an important cause of morbidity in the Asia- 
Pacific region, affecting all age groups. In all 15 countries, influenza B was identified 
and associated with between 0% and 92% of laboratory- confirmed influenza cases in 
any one season/year. Influenza type B appeared to cause more illness in children aged 
between 1 and 10 years than in other age groups. Epidemiological data for the two 
circulating influenza type B lineages remain limited in several countries in the Asia- 
Pacific, although the co- circulation of both lineages was seen in countries where strain 
surveillance data were available. Mismatches between circulating B lineages and vac-
cine strains were observed in all countries with available data. The data suggest that a 
shift from trivalent to quadrivalent seasonal influenza vaccines could provide addi-
tional benefits by providing broader protection.
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WHAT THIS PAPER ADDS

• By bringing together data from across the region, we show that in-
fluenza contributes to the public health burden in Asia-Pacific 
countries, with a variable, but substantial proportion due to influ-
enza B. Influenza vaccination policies are needed in Asia-Pacific 
countries, and the use of quadrivalent influenza vaccines could pro-
vide additional benefits.

1  | INTRODUCTION

Epidemic influenza causes global public health burden each season. 
The World Health Organization (WHO) estimates that influenza se-
verely affects between three and five million individuals each year and 
causes between 250 000 and 0.5 million deaths.1 The influenza attack 
rate is highest in children, while complications including hospitaliza-
tion and death occur most frequently in elderly individuals.1 Other 
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specific high- risk groups prioritized by WHO for vaccination include 
pregnant women, the highest priority group, followed by individuals 
with a compromised immune system and individuals with comorbidi-
ties such as pulmonary or cardiac disease.2

Influenza type A and B viruses cause the vast majority of influenza 
disease in humans, and infection is preventable by vaccination. The rel-
ative proportion of influenza cases caused by type A and type B strains 
varies annually, reflecting antigenic drifts in the predominant strains and 
the host’s level of immunity. In the last decade, influenza A viruses rep-
resented by three subtypes (A/H3N2, A/H1N1, and A/H1N1pdm09) 
have predominated during influenza seasons. Influenza B viruses are 
represented by two separate lineages (B/Victoria and B/Yamagata) that 
co- circulate. In the 1980s, the B/Yamagata/16/88 lineage and its vari-
ants spread worldwide, whereas B/Victoria/2/87 lineage viruses re-
mained geographically restricted to Asia during the 1990s for reasons 
not wholly understood. In 2002, the B/Victoria lineage strains spread 
to the rest of the world.3–6 Influenza B has been isolated in up to 44% 
of laboratory samples in the United States from 2001 to 2002 through 
2010- 2011 seasons (excluding the 2009- 2010 pandemic period), and 
in up to 60% of samples in Europe during the same period, with a sea-
sonal average of 24% and 23% of samples, respectively.7

Seasonal influenza vaccines are modified annually to include those 
antigenic variants that are likely to predominate in the following influ-
enza season. Vaccine strain selection is performed by the WHO using 
data from the Global Influenza Surveillance and Response System, a 
network of over 140 institutions in 111 countries.8 The B/Yamagata and 
B/Victoria influenza strains are antigenically distinct, and vaccines using 
one lineage induce only low levels of cross- protection to the other lin-
eage.9,10 Trivalent seasonal influenza vaccines only contain one influenza 
B lineage, and it is not always possible to predict which B lineage will 
predominate during the next influenza season.11 Mismatch between the 
vaccine lineage and circulating influenza B lineage has occurred regularly, 
which can have a significant impact on influenza vaccine efficacy.4,12–14 
Since 2012, the WHO has recommended the inclusion of strains from 
both B lineages in quadrivalent seasonal influenza vaccines.15

Co- circulation of both influenza type B lineages has also been 
documented throughout South- East Asia and Oceania.5 The use of 
influenza vaccine in many Asia- Pacific countries is limited, and the 
potential impact of quadrivalent influenza vaccines on illness and hos-
pitalization rates in these countries is not known, but is also likely to 
be low.16 To obtain an epidemiological view of influenza type B in the 
Asia- Pacific region, we conducted a review of the available literature. 
We attempted to identify periods of influenza B lineage mismatch 
between vaccine and circulating strains in 15 countries within the 
Asia- Pacific region to better inform health authorities of the poten-
tial benefits of quadrivalent influenza vaccines for protection against 
seasonal influenza.

2  | METHODS

Fifteen countries were selected from within the Asia- Pacific region 
traversing all climatic zones (Figure 1). These included Northern 

Hemisphere countries: China (temperate to subtropical climate), South 
Korea (temperate climate), Taiwan (subtropical climate), Laos, Myanmar 
and Vietnam (subtropical to tropical), Cambodia, Thailand, and the 
Philippines (tropical); countries in the Equatorial region: Indonesia, 
Malaysia, Singapore, and Papua New Guinea (tropical); and countries 
in the Southern Hemisphere: Australia and New Zealand (temperate).

2.1 | Search strategy and selection criteria

Articles were identified from PubMed and the Western Pacific 
Region Index Medicus (WPRIM) using search strings comprised of 
terms that identified influenza, the selected countries of interest 
in the Asia- Pacific region, and the epidemiology/burden of dis-
ease (Appendix S1). The search covered publication dates between 
January 1990 until 11 April 2016 and was limited to articles pub-
lished in English language. Titles and abstracts were screened for 
relevance: That is, reported outcomes related to seasonal influenza 
in humans and in a country of interest. Articles were excluded if 
they reported pharmacokinetic or pharmacodynamic studies, case 
reports, case series, clinical trials, or meta- analyses. Articles were 
also excluded if they reported features of influenza pathophysiol-
ogy, treatment, or diagnosis, or if they reported data in fewer than 
30 patients. Publications without abstracts were only reviewed if 
the title fitted the review objectives.

F IGURE  1 Countries included in the review according to climate. 
Northern Hemisphere: temperate = dark blue, subtropical = light 
blue, subtropical to tropical = yellow, tropical = orange. Southern 
Hemisphere: tropical = red, temperate = green
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Full- text articles were reviewed to assess their relevance and 
methodological quality. Articles were excluded if the method sec-
tions were insufficiently described; if the content did not provide 
relevant information to the review objectives; if the article reported 
“pneumonia and influenza” as a combined outcome (unless pneu-
monia was described as a complication of influenza), outcomes 
from mathematical models; and if no quantitative data could be 
retrieved. Gray literature including WHO websites, local ministries 
of health, and WHO vaccine recommendations was also assessed 
for relevance. Extracted data included information on epidemiology 
and circulating strains. We did not collect clinical criteria or clini-
cal case definitions of influenza, influenza- like illness (ILI), febrile 
illness, acute respiratory infection (ARI) disease, or severe acute 
respiratory illness (SARI) used in individual studies. Nor did we 
specify the methods for selecting cases for specimen collection or 
the influenza- testing method used for laboratory diagnosis. In our 
review, “laboratory- confirmed influenza” or a “positive sample” re-
fers to a case of influenza confirmed by the method stated in the 
reporting paper.

An influenza B mismatch was defined as the circulating influenza B 
virus lineage strains differing from the B lineage representative strain 
included in the WHO- recommended influenza vaccine composition for 
that season. When <20% of the circulating influenza B strains differed 
from the WHO- recommended vaccine strain, we arbitrarily considered 

the degree of mismatch to be “low.” A difference between 20% and 40% 
was considered as partial mismatch. We considered a significant mis-
match	as	>40%	and	complete	mismatch	when	≥95%	of	the	circulating	
influenza B lineage strains did not belong to the trivalent vaccine lineage.

The initial literature search in 2013 was conducted by Pallas Health 
Research and Consultancy B.V., the Netherlands. Quality control activ-
ities included review of the first 30% of titles and abstracts and of 
the first 10% of full- text articles in duplicate by two independent re-
searchers from Pallas. Any disagreements were adjudicated by a third 
researcher. The search was updated in 2016 by BM, and the articles 
were selected by BM and JC.

Ethics approval was not required for this study. The majority of 
relevant publications concerned surveillance or other observational 
epidemiological studies for which no standard quality checklists are 
currently available.

3  | RESULTS

There were 121 English language articles included in the review 
(Figure 2), of which 120 articles provided information on influenza 
B strains as a proportion of all laboratory- confirmed influenza from 
data collected between 1990 and 2015 (Table 1). Most assessed 
specific, but diverse, populations of interest, such as patients 

F IGURE  2 Article selection procedure. WPRIM: Western Pacific Region Index Medicus. Other includes studies with sample size <30, same 
data (or better quality data) provided in other articles, article in Korean language
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hospitalized for respiratory tract infections (RTI), patients in inten-
sive care, and respiratory samples from in/outpatients with a broad 
range of underlying respiratory syndromes. In many studies, the 
age range of subjects/samples was not specified. Many studies in-
cluded patients with diagnoses of low specificity for influenza such 
as “febrile illness,” “ILI,” and “acute lower respiratory tract infection” 
(ALRTI). There were 102 prospective studies (two studies included 
both prospective and retrospective components). Sample sizes in 
individual study groups ranged from 26 to more than 300 000.

3.1 | Influenza surveillance and vaccine coverage in 
Asia- Pacific countries

With the exception of Myanmar, all of the countries studied use a 
sentinel site approach for influenza surveillance (Table 1). All coun-
tries with a surveillance program in place monitor ILI cases (ARI in 
Singapore and pneumonia in Laos instead of ILI) presenting to general 
practices or hospitals. In Myanmar, epidemiological studies funded by 
grant programs in Japan were conducted in two hospitals and general 
practice clinics in Yangon.

Six countries (Australia, New Zealand, South Korea, Taiwan, 
Thailand and the Philippines) have/have had a publicly funded national 
seasonal influenza immunization program, and in all cases, this is/was 
limited to at- risk groups (Table 1).

China, Indonesia, Laos, the Philippines, Singapore and Vietnam pro-
vide recommendations for immunization of risk groups (and Malaysia 
recommends vaccination of Hajj pilgrims) outside the national sched-
ule. No policy for influenza vaccine use exists for Papua New Guinea, 
Cambodia, or Myanmar.

In countries with a policy to provide free vaccine for at- risk 
groups, vaccine uptake among these groups has been substantial: 
Approximately 73% of 65+- year- olds in Australia, 67.5% in New 
Zealand, 80% of adults in Taiwan, and 82.5% in 65+- year- olds in South 
Korea were reported to have received influenza vaccine (Table 1). In 
China, influenza vaccine coverage was reported as 26% in children and 
7.4% in 60+- year- olds, but regional differences may exist due to subsi-
dization of influenza vaccines in some regions.17,18 Approximately 300 
doses of influenza vaccine were distributed per 1000 population in 
Australia and New Zealand, while fewer than 10 doses per 1000 pop-
ulation were distributed in Cambodia, China, Indonesia, Malaysia, and 
Papua New Guinea, suggesting that influenza vaccine use is negligible 
in these countries.19

3.2 | Epidemiology of influenza type B in  
Asia- Pacific countries

3.2.1 | Australia

Laboratory surveillance conducted by the WHO collaborating center 
and National Influenza Centers showed that during the period from 
2005 to 2015, influenza B viruses predominated in two years: in 2005, 
67% of circulating influenza viruses were type B, while 51% of the 
influenza B viruses mismatched the B strain contained in the seasonal Co
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influenza vaccine; in 2015, 62% of circulating influenza viruses were 
type B with a partial (36%) mismatch to the trivalent vaccine influenza 
B component (Table 3).20–22

We identified 18 articles that described influenza B in Australia re-
porting studies conducted from 1991 until 2015. Most of the articles 
reported data from laboratory- based influenza surveillance or clinic/
hospital- based surveillance in various states/territories. Some of the 
studies were conducted in the same/overlapped seasons but in differ-
ent groups of patients.

One study in 2002- 2003 found that the proportion of influenza 
B was higher among influenza- positive specimens from state- wise in-
fluenza surveillance program of ILI patients at sentinel general practi-
tioner (GP) clinics than among influenza- positive patients hospitalized 
with respiratory illness (11.5% vs 1.8%).23 Two studies conducted in 
2006 reported higher influenza detection rate among outpatients with 
ILI comparing to hospitalized children with ILI, while the proportion of 
influenza B was higher among laboratory- confirmed influenza inpa-
tients comparing to outpatients.24,25

Two studies with overlapping study period in 2007 found signifi-
cantly higher influenza- positivity rate among ILI patients presenting 
to GP clinics than children with ARI presenting to hospital (46.9% vs 
12.2%). The difference between the proportion of influenza B among 
the two groups of patients in these two studies was much smaller 
(12.7% vs 18.9%).26,27 Comparing to these two studies, another study 
encompassing the same study period reported a much lower influenza 
B proportion among hospitalized children with laboratory- confirmed 
influenza (2.5%).28

In 2012, GP clinic- based surveillance in Western Australia and 
Victoria reported similar influenza detection rate among ILI pa-
tients.29,30 The proportion of influenza B among influenza- positive 
samples obtained from ILI patients was significantly higher in Western 
Australia than in Victoria (43% vs 13.6%).

3.2.2 | Cambodia

Since 2006, the National Influenza Centre in Cambodia carried out sen-
tinel site- based ILI surveillance and hospital- based ALRI surveillance. 
Influenza viruses were detected from 5.8% to 18.7% of ILI patients 
between 2006 and 2011, and 1.4% to 3.6% of ALRI patients from 
2007- 2010. Proportion of influenza B among all influenza- positive 
samples ranged from 12.6% in 2009 to 64.8% in 2011. Influenza type 
A and B circulated year- round in Cambodia with peak activities during 
the rainy season between June and November.31–33

3.2.3 | China

National surveillance of ILI has been carried out by the Chinese CDC 
in 95 sentinel hospitals in Northern provinces and 99 hospitals in 
southern provinces since 2000. From 2005- 11, 64 306 laboratory- 
confirmed influenza cases were recorded by the ILI surveillance in the 
North. In Southern China, 122 215 laboratory- confirmed influenza 
cases were confirmed by the ILI surveillance during 2006- 12. Around 
30% of all positive samples were influenza B.34

Twenty- three articles reported on influenza B in China from 1995 
until 2014 (Table 2). Most of the articles reported clinic/hospital- 
based ILI surveillance in one city/province and provided aggregated 
data over multiple seasons.

A study in Shenzhen in the southern province of Guangdong from 
1995 to 2009 reported an annual influenza detection rate among ILI cases 
ranging from 0.2% in 1998 to 25% in 2009. The lowest proportion of in-
fluenza B among all influenza- positive samples was in 2008.35 Influenza B 
predominated in 4 of the 15 study years with the peak (79%) reported in 
1997. Multiple influenza B outbreaks between 2004 and 2012 were re-
ported in Guangdong province, including in 2010 following the peak of A/
H1N1/pdm09.36 The 2010 influenza B peak was also reported in studies 
conducted in northern, central, and eastern part of China.37–40

A study conducted in central China assessed SARI hospitaliza-
tions by type of influenza and found that in 2010- 11, A (H3N2) virus 
was associated with a higher SARI hospitalization rate (55/100 000) 
than both influenza B and A (H1N1)pdm2009. In the following year, 
the incidence of SARI hospitalization was highest with influenza B 
(98/100 000).39

Between the 2009- 14 seasons, on average, 45% of circulating 
B lineages in Shanghai differed antigenically from the vaccine strain. 
During the period from 2009 to 2012, B/Victoria lineage matching the 
seasonal influenza vaccines strain predominated over the B/Yamagata 
lineage. The proportion of B/Yamagata lineage exceeded 97% of all 
circulating influenza B viruses in late 2012 and resulted in complete 
vaccine B strain mismatch.41

3.2.4 | Indonesia

We identified five articles with data relevant to Indonesia (Table 2). 
Three of these papers were based on ILI surveillance of multiple sea-
sons, reporting a proportion of type B viruses between 25.4% and 
36% among all influenza- positive samples during the overall study 
period.34,42,43 Two papers provided season- specific information on 
the proportion of influenza B among all ILI cases with laboratory- 
confirmed influenza in 2010- 11 and 2011- 12.44,45 One of them also 
provided data in SARI patients with laboratory- confirmed influenza in 
2011- 12. In that study, the influenza detection rate was higher among 
ILI than among SARI patients (34.5% vs 15.4%). In both patient groups, 
47% of laboratory- confirmed influenza cases were influenza B.45

3.2.5 | Laos

ILI virological surveillance started in Lao People’s Democratic Republic 
(PDR) in 2007. We identified four articles assessing influenza in Laos 
during the period from 2007 to 2011. One study based on ILI surveil-
lance during the period 2008- 10 reported influenza- positivity rate of 
20.9%- 23% in the three years. The proportion of influenza B among 
all influenza- positive samples dropped from 66.7% in 2008 to 2.7% in 
2009 when A/H3N2 and A/H1N1pdm09 became predominant, then 
increased to 33.7% in 2010.46

Two studies assessing influenza among patients hospitalized with 
ALRI showed that the influenza- positivity rate (12.7%) and influenza B 
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proportion among ALRI cases (40%) with laboratory- confirmed influ-
enza in 2008 were higher comparing to the findings in 2009- 10 (7.9% 
and 21.8%, respectively).47,48

3.2.6 | Malaysia

Six articles were identified for Malaysia reporting studies conducted 
between 1982 and 2011, of which four reported aggregated data 
across multiple seasons.

From 2005- 2009, national ILI surveillance detected influenza 
in 10.2% (2008) to 31.6% (2006) of ILI cases.49 In this period, the 
proportion of influenza B was lowest in 2008 (18%) and highest in 
2005 (51%). Peak season of influenza fell between May and August. 
Complete influenza B strain mismatch with Southern Hemisphere vac-
cine B strain was observed in 2005 and 2009 and significant mismatch 
in 2007 (Table 5).

Laboratory- based surveillance of ILI patients presenting to senti-
nel centers showed that the percentage of samples tested positive for 
influenza ranged between 3.1 and 13.4% in 2006- 11.44,49 The per-
centage of B strains among the influenza- positive samples was 30.7% 
on average from 2005 to 2009, and 20.2% to 62.6% annually between 
2006 and 2010.

3.2.7 | Myanmar

Three articles reported the results of sentinel site- based surveillance 
study in Myanmar between 2003 and 2007.50–52 The proportion of 
influenza- positive samples obtained from patients with ILI ranged 
from 11.4% in 2006 to 24%- 27.0% in 2005. Few influenza B cases 
were detected in 2003- 04 and 2006. The proportion of influenza- 
positive samples that were type B ranged from 42%- 46.6% in 2005 
with a majority of influenza B isolates belonging to the Victoria line-
age. In 2007, 67% of influenza viruses were influenza B and all be-
longed to the B/Victoria lineage.50–52

3.2.8 | New Zealand

Seven articles describing influenza in New Zealand between 1990 and 
2015 were identified. National influenza surveillance data showed that 
during 1997- 2008, on average 718 cases of laboratory- confirmed influ-
enza were detected every year.53 Influenza surveillance in 2005 recorded 
the highest influenza B activity since 1990 with co- circulation of influ-
enza strains from B/Victoria and B/Yamagata lineages, which resulted 
in significant B strain mismatch with the recommended vaccine com-
position.54 In 2015, 44.2% of patients with ILI and 23.6% SARI patients 
tested positive for influenza.55 The proportion of influenza B among all 
influenza- positive samples was 13%, but half of them mismatched the B 
strain contained in the influenza vaccines for that season (Table 3).

3.2.9 | Papua New Guinea

In the one study identified as providing information on influenza 
in Papua New Guinea, 29.3% of samples from patients with ILI 

received by the Papua New Guinea National Influenza Centre in 
2010 had laboratory- confirmed influenza, of which 43.2% were 
 influenza type B.56

3.2.10 | Philippines

Four articles provided information on influenza type B in the 
Philippines. Three articles reported clinic- based surveillance of pa-
tients with ILI in different regions during an overlapping period from 
2006 to 2013. The largest study in 2006- 11 collected 69 108 speci-
mens, and the influenza virus detection rate varied between 6.9% (in 
2008) and 33.1% (2009).44,57–59 Influenza B was the predominant type 
circulating in 2008 (75.7%) as well as in 2010 (50.1%).

Surveillance in Baguio city in the North and in the Eastern 
Visayas region during 2010- 11 showed that regional circulation of 
influenza viruses and predominant types varied in the same sea-
son. Influenza detection rate among ILI patients and the proportion 
of influenza B among all influenza- positive samples in Baguio city 
(25.6% and 61.2%, respectively) were higher than in Eastern Visayas 
region (16% and 54%) in 2010 but lower in 2011 (12.3% and 22% 
in Baguio city; 14.6% and 37% in Eastern Visayas region, respec-
tively).60,61 Surveillance in Baguio city also assessed influenza among 
SARI patients. In all three study years, influenza detection rates were 
lower among SARI patients than patients with ILI, while the propor-
tion of influenza B was higher among SARI patients with laboratory- 
confirmed influenza than ILI patients with laboratory- confirmed 
influenza in 2009 and 2011.60

3.2.11 | Singapore

In Singapore, the National Influenza Centre carries out influenza virus 
surveillance using samples from public hospitals and sentinel clinics.62 
Ten articles reporting data in Singapore from 1990 until 2012 were 
identified (Table 2). Four articles report the results of the national 
surveillance of samples from inpatients and outpatients presenting to 
sentinel centers with ILI between 1996 and 2012. The percentage of 
all samples with laboratory- confirmed influenza ranged from 2.5% in 
2007 to 50.4% in 2010.34,44,62,63 The proportion of influenza- positive 
samples that were influenza B was lowest in 2009 (2.7%) and highest 
in 2007 (79.1%).

Several studies reported influenza detection rates and propor-
tions of influenza B viruses in various seasons among specific groups. 
Among students and staff at the National University of Singapore pre-
senting with ILI, 21.1% had laboratory- confirmed influenza in 2007 
and 32.8% in 2007- 09. Although the study conducted in 2007- 09 de-
tected a higher influenza- positivity rate, the proportion of influenza B 
was lower comparing to the study in 2007 (6.7% vs 16.1%) as influ-
enza A/H1N1pdm09 became the predominant type in the second half 
of the 2007- 09 study.64,65

Three studies evaluated influenza in military personnel with febrile 
respiratory illness in 2006- 07, 2009- 10, and 2009- 12.66–68 Influenza 
detection rate was 36.1% and 28.7% in the two earlier seasons, both 
with the proportion of influenza B at 33%. Season- specific influenza 
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positivity and the proportion of influenza B after 2010 were not 
reported.

3.2.12 | South Korea

Eleven articles reported the distribution of influenza A and B viruses 
in South Korea between 1990 and 2013 (Table 2). Six studies were 
conducted in hospital emergency or outpatient departments, one 
included hospitalized children, one included adults in the intensive 
care unit (ICU), and three studies reported laboratory surveillance. 
Between 2007 and 2015, the Korean Influenza Surveillance System 
reported three influenza seasons with around 50% or higher pro-
portion of influenza B; all three seasons had B lineage mismatch 
of >20% (Table 3). The highest percentage of influenza B positive 
samples was reported in a retrospective laboratory- based study 
in which 43.4% of children and 55.8% of adults with laboratory- 
confirmed influenza had type B.69 The study period encompassed 
the 2007- 08 influenza season, in which 64.1% of circulating influ-
enza viruses were type B strains with a complete vaccine mismatch 
(Table 3).

3.2.13 | Taiwan

Thirteen studies conducted between 1995 and 2012 were identified 
for Taiwan (Table 2). Five articles reported data in children, and no 
studies specifically reported on influenza B in adults. All studies con-
ducted before 2009 detected influenza B from the study population, 
but information on B lineages was not reported. The proportion of 
influenza- positive samples that were type B varied across seasons, 
age groups, and diagnoses. One study conducted in 2009- 11 with low 
level of B strain mismatch found that in both seasons, the proportion 
of influenza B among all laboratory- confirmed influenza cases was 
lower among patients hospitalized with pulmonary complications of 
influenza (2.9%- 6.3%) comparing to patients with acute respiratory 
tract infection (ARTI, 13.7%- 17.7%).70 In the following season (2011- 
12) when influenza B was predominant and the circulating B strain 
significantly mismatched the vaccine strain, one study reported a sig-
nificantly higher proportion of influenza B in both ILI patients with 
laboratory- confirmed influenza (72.5%) and patients of suspected 
influenza with complications (60.7%), suggesting that the high pro-
portion of influenza B together with the significant B strain mismatch 
(86%) resulted in heavy morbidity in that season.71

National Influenza Surveillance by the Taiwan CDC showed that 
since 2009, in all but one season, the proportion of influenza B viruses 
was >20% among all influenza viruses detected, including in 2009 
during the A/H1N1/pdm09 pandemic. Significant influenza B mis-
matches were observed in three seasons, especially in 2011- 12 when 
76% of the circulating influenza viruses were type B (Table 3).

3.2.14 | Thailand

Influenza sentinel surveillance throughout Thailand during 2005- 10 
found that 15- 25% of samples from ILI patients tested positive for 

influenza. The highest proportion of influenza B among all laboratory- 
confirmed influenza patients was 40% in 2007, while the lowest was 
13% in 2009.72

Thirteen relevant articles were identified for Thailand that re-
ported for seasons between 1998 and 2014. One large laboratory- 
based surveillance study detected influenza viruses in 18.4%- 25.5% of 
samples collected from patients with ILI between 2007 and 2011.44,73 
The percentages of influenza- positive samples that were influenza B 
ranged from 12.9% in 2009 to 42.9% in 2008.73

Seven articles included hospitalized patients with RTIs, pneumonia, 
or SARI from 2003 to 2011. The percentage of clinical specimens with 
laboratory- confirmed influenza varied from 4.1% among patients hos-
pitalized with pneumonia in 2006 to 21.1% among hospitalized SARI 
patients in 2010. Among hospitalized patients, the highest proportion 
(45%) of laboratory- confirmed influenza cases that were influenza B 
was seen in 2008, when circulation of influenza B predominated but 
with significant mismatch with the influenza B strain included in the 
Southern Hemisphere vaccine.74

3.2.15 | Vietnam

National influenza surveillance using sentinel sites across Vietnam re-
ported influenza detection rates among ILI patients between 18% and 
26% during 2006- 10. In this period, the lowest proportion of influenza 
B among all laboratory- confirmed influenza cases was in 2007 and 
2009 at 23%. The proportion of influenza B was highest (51.6%) in 
2010 following the A/H1N1pdm09 pandemic.44,57–59

There were seven published articles reporting relevant data from 
Vietnam. Five articles reported influenza or ILI surveillance during 
various periods from 2001 to 2013. Two studies assessed influenza 
among patients hospitalized with respiratory infections. Influenza was 
detected in 13.9% of patients aged 15 years or older during September 
2009- August 2010, and 28.9% of all influenza viruses detected be-
longed to the B type.75

3.2.16 | Distribution of influenza B by age group

There were 22 articles that provided information on influenza B in 
different age groups (Table 4). The grouping of ages differed between 
studies which hinders easy comparisons.

In studies reporting age- stratified data, the proportions 
of influenza caused by influenza type B were higher among 
children aged between 1 and 10 years than in older age gro
ups.23,30,46,50,51,56,58,59,76–85 In 17 studies using comparable age 
strata, between 10.9% and 90% of all influenza B cases were de-
tected in children aged <10 years (Table 4). Considering 18 stud-
ies with a cutoff at <20 years of age, in all but one study, more 
than 50% (and up to 100%) of all influenza type B cases occurred in 
age strata that included children and adolescents until 20 years of 
age. With some exceptions, in most studies (19/21), few influenza 
B	cases	 (≤13.1%)	were	 reported	 in	adults	aged	65+	years.	Within	
the limitations of data, the age distribution of influenza B followed 
similar trends in each country.
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One study from Victoria, Australia, estimated the rate of noti-
fied laboratory- confirmed influenza cases (reported in 2012 to the 
Victorian Department of Health) to be 154/100 000 persons in those 
aged	 0–4	years,	 137/100	000	 in	 those	 aged	 ≥65	years,	 and	 61–
90/100 000 for other age groups.30 The proportion of notified cases 
that were influenza B was highest in those aged 5- 15 years (30.3%) 
and 15- 29 years (20.5%), followed by those aged 30- 49 years (14.2%), 
50-	64	years	(10.7%),	<5	years	(8.7%),	and	≥65	years	(8.6%).

3.3 | Circulating influenza B strains

The available data indicate that both Yamagata and Victoria influenza 
type B lineages have circulated in Asia- Pacific countries during the last 
decade. The ratio of Yamagata to Victoria strains varied from year to 
year, and sometimes differed between countries in the northern and 
Southern Hemispheres within the same season (Table 3). Furthermore, 

the predominant lineage was not always the same in countries within the 
same region. For example, in 2012, an influenza type B Victoria strain 
predominated in Australia, whereas a Yamagata strain predominated 
in New Zealand (Table 3). In 2007, a Yamagata strain predominated in 
Malaysia, whereas a Victoria strain predominated in Indonesia (Table 5).

In Northern Hemisphere and tropical countries, mismatches 
with the Northern Hemisphere vaccine occurred in 2004- 05 in 
Thailand; 2005- 06 in Malaysia, Indonesia, Myanmar, and Thailand; 
2006- 07 in Thailand; 2007- 08 in South Korea and Indonesia; 2008- 
09 in China; 2011- 12 in Taiwan; 2012- 13 in Thailand; 2012- 13 and 
2013- 14 in South Korea and China; and 2013- 14 and 2014- 15 in  
Taiwan.

In Southern Hemisphere and tropical countries, mismatches 
with the Southern Hemisphere trivalent influenza vaccine occurred 
in 2005 in Australia, New Zealand, Malaysia, Indonesia, Thailand, 
and Myanmar; 2006 in Thailand; 2007 in Australia; New Zealand 

TABLE  4 Age distribution of confirmed influenza B cases (as a percentage of all influenza B)

Country Data source

No. of 
influenza 
B cases

Age distribution (years)

<5 5- 9 10- 19 20- 49 50- 64 ≥65

Australia Surveillance (Notified 
influenza cases)30

745 6.4 45 (5- 14) 46 (15- 49) 10 13

GP surveillance30 38 5 24 (5- 14) 63 (15- 49) 5 3

Surveillance (Complications 
alert network)30

50 10 8 (5- 14) 44 (15- 49) 8 30

Clinical samples23 55 0 10.9 0 34.5 34.5 20.0

Surveillance23 133 4.5 10.5 35.3 24.8 23.3 6.0

China Clinical patients135 83 14.5 34.9 (5- 14) 25.3 (15- 24) 22.9 (25- 59) 2.4	(≥	60)

Clinical patients138 162 5.6 34.0 (5- 14) 14.2 (15- 24) 43.2 (25- 59) 3.1	(≥	60)

Clinical patients133 96 29.2 68.8 (5- 14) 0 (15- 24) 2.1 (25- 59) 0	(≥	60)

Clinical patients139 74 21.6 43.2 (5- 14) 18.9 (15- 24) 16.2 (25- 59) 0	(≥	60)

Clinical patients127 404 - -  (5- 14) 29.5 (15- 24) 65.5 (25- 59) 5.0	(≥	60)

Clinical patients131 75 - -  (5- 14) 50.7 (15- 24) 49.3 (25- 59) 0	(≥	60)

Clinical patients41 6688 9.7 23.5 (6- 17) 61.4 (18- 64) 5.5

Indonesia Surveillance43 1487 15.0 33.8 (5- 12) 8.5 (13- 17) 38.0 (18- 49) 3.6 1.1

Laos Surveillance46 142 25.4 34.8 (5- 17) 39.8 (18- 64) 0

Surveillance47 92 13.0 41.3 (5- 17) 44.6 (18- 49) 1.1 0

Malaysia Clinical patients142 338 73.8 16.4 8.2 1.6 - - 

Myanmar Clinical patients51 125 43.2 32.6 13.8 2.2 (20- 59) 0	(≥	60)

Clinical patients50 6 33 50 16.7 0 0 0

PNG Surveillance56 38 76 24 (>5)

Singapore Clinical samples82 92 45.3 10.5 8.2 36.0	(≥	20)

South Korea Surveillance76 3217 48.7 18.4 5.0 7.7 6.5 13.1

Thailand Surveillance83 120 25.8 43.8 (5- 17) 12.5 (18- 49) 15.6 12.5

Surveillance84 150 26 34.7 (5- 17) 18.7 (18- 49) 20.7	(≥	50)

Vietnam Surveillance58 585 22 41.5 (5- 14) 17.4 (25- 64) 1.7

Surveillance59 2163 68 (0- 15) 11.8 (16- 24) 18.0 (25- 64) 1.8

N, number; PNG, Papua New Guinea; GP, general practice; ILI, influenza- like illness; LRTI, lower respiratory tract infection. Shading indicates values cover-
ing the combined shaded age groups.
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and Malaysia; 2008 in Australia and New Zealand; 2009 in Australia, 
Malaysia, Laos, Thailand, and Cambodia; 2012 in New Zealand and 
Thailand; and 2015 in Australia and New Zealand.

In countries that provided seasonal numerical estimates of lineage 
distribution, the majority of mismatched seasons in each country were 
significant or complete mismatches (Tables 3 and 5). In mismatched 
years without precise estimates of the distribution of type B lineages, 
the available descriptions suggest that all of the mismatches were 
likely to be significant or complete.

4  | DISCUSSION

The evidence we reviewed from the published literature indicates that 
influenza is an important cause of morbidity in the Asia- Pacific region 
and affects all age groups. Influenza type B was identified in all 15 of 
the countries studied, and the proportion of influenza B isolated in 
clinical specimens from different settings varied markedly from season 
to season, ranging between 0% and as high as 92%. This variability 
is consistent with the unpredictable seasonal influenza burden that 

TABLE  5 Circulating and vaccine influenza type B lineages in tropical countries

Year
Vaccine 
lineage15

% type B

Circulating lineage (%) Circulating lineage (%) Circulating lineage (%)

Victoria Yamagata % type B Victoria % type B Victoria

Malaysia (clinical samples49) Indonesia (surveillance43) Laos (surveillance46)

2005 Yamagata 51 99 1 - Predominant - - 

2005-06 Yamagata

2006 Victoria 43 94 6 - Predominant - - 

2006-07 Victoria

2007 Victoria 30 27 73 - Predominant - - 

2007-08 Victoria

2008 Yamagata 18 0 100 - - 66.7 - 

2008-09 Yamagata

2009 Yamagata 22 97 3 - - 2.7 100

2009-10 Victoria

2010 Victoria - - - - - 33.7 98.4

Year Thailand (surveillance72 clinical samples73a) Cambodia (surveillance32,33) Myanmar (clinical samples52)

2004 Yamagata 16 32 68 - - - - 

2004-05 Victoria

2005 Yamagata 32 41 59 - - 42 85

2005-06 Yamagata

2006 Victoria 29 55 45 0 - 0 - 

2006-07 Victoria

2007 Victoria 34 62 38 57.7 All 67 100

2007-08 Victoria

2008 Yamagata 40 40 60 34 None - - 

2008-09 Yamagata

2009 Yamagata 12 100 0 12.6 All - - 

2009-10 Victoria

2010 Victoria 35 100 0 23.1 All - - 

2010-11 Victoria

2011 Victoria - 90 10 64.8 All - - 

2011-12 Victoria

2012 Victoria - 50 50 - - - - 

2012-13 Yamagata

Yamagata - 0 100 - - - - 

2013-14 Yamagata

2014 Yamagata - 0 100 - - - - 
a2011- 2014 limited to 35 isolates over the 5- year period.
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results from co- circulation of several types/lineages, the degree of an-
tigenic drift, combined with the hosts’ immune status, which together 
ensure the continuing ability of the virus to cause illness.9

Significant or complete mismatches between the circulating and tri-
valent vaccine type B strain were observed on numerous occasions in 
countries with available data. Our study was not designed to quantify the 
possible public health implications in seasons where vaccine mismatch 
existed. Influenza vaccine efficacy is reduced when there is a mismatch 
between vaccine and circulating strains,14,86 suggesting that a mismatch 
season is likely to be associated with a higher clinical disease burden.

Influenza B causes similar morbidity as influenza A.87 In mismatch 
seasons, hospitalization due to influenza type B can exceed that due 
to influenza A in all age groups.71 The available data suggest that con-
sistent with observations in other regions,7,9 in the Asia- Pacific region, 
influenza B occurs more frequently in children aged between 1 and 
10 years than in other age groups and causes more severe disease in 
this age group than influenza A.88

Evidence suggests differences in the age distribution of patients 
infected with the B/Yamagata or B/Victoria lineages, with the latter 
appearing to be more frequently identified in younger age groups.89–93 
Although the lineage seems to have generally no impact on the clinical 
outcome of the infection, recent data from Hong Kong suggested that B/
Victoria viruses may be associated with more influenza B hospitalization 
in children compared with B/Yamagata viruses.94 Both the B/Yamagata 
and B/Victoria lineages have been included in recommendations by 
WHO since September 2012 for the Southern Hemisphere vaccines for 
2013 and thereafter for both hemispheres, but extensive use of quadri-
valent vaccines lagged until 2015 or later, and then, it was mostly used in 
developed countries such as USA, Japan, Australia, and some European 
countries. As younger children have a globally higher probability of being 
infected with the influenza B viruses, this group is most likely to benefit 
more from a quadrivalent vaccine containing both B lineages due to the 
frequent mismatch and co- circulation of both influenza B lineages.

The articles included in this review varied with respect to their de-
sign, population characteristics (eg, age range, mild vs severe cases), the 
illness definition selected for study (specific vs non- specific diagnoses), 
the laboratory methods used to detect influenza, and the methods 
of case surveillance (population- based, laboratory- based, hospital or 
emergency department- based, sentinel general practice). Therefore, 
the results of individual studies cannot be easily compared and are 
unlikely to be broadly representative. In some articles, data were not 
stratified per year, and only an average proportion of influenza type B 
over the study period could be obtained. In many studies, proportions 
of influenza B among any laboratory- confirmed influenza cases were 
only available within a specified population. Most information was re-
trieved for China, Australia, South Korea, and Taiwan, but four articles 
or fewer were identified for Laos, Myanmar, the Philippines, and Papua 
New Guinea.

This review has identified important knowledge gaps within the 
region. In several countries, the epidemiology of influenza and influ-
enza type B is not well described, little is known about the age groups 
most affected by influenza type B and the relative contribution of the 
two type B lineages to the disease burden. Epidemiological data for 

the two circulating influenza B lineages in the Asia- Pacific region are 
extremely limited. Co- circulation of Yamagata and Victoria lineages 
occurred in most countries where strain surveillance data were avail-
able, with considerable fluctuation from year to year. A variable, but 
substantial influenza B burden, as well as variable mismatch between 
circulating lineages and vaccine lineages was observed in all countries 
with available data regardless of geographical location, suggesting that 
a shift from trivalent to quadrivalent seasonal influenza vaccines that 
include both influenza B lineages would be beneficial in many seasons. 
Establishing or enhancing existing influenza surveillance networks in 
individual countries across the Asia- Pacific region is needed to con-
tribute to an improved understanding of the burden of influenza. 
Education of the medical profession and public, vaccine implementa-
tion strategies including the development of specific national recom-
mendations in countries where they are lacking, and improved access 
to influenza vaccines, are needed to improve influenza vaccine uptake 
and reduce the influenza disease burden in Asia- Pacific countries.

Few countries in the Asia- Pacific region have policies, recommen-
dations, or funding methods in place supporting influenza immuniza-
tion, and those that do limit publicly funded re- imbursement to at- risk 
groups. Our review provides evidence of a substantial influenza bur-
den in the Asia- Pacific. The data suggest that countries in the Asia- 
Pacific stand to benefit from development of immunization policy 
targeting influenza prevention. Additionally, quadrivalent influenza 
vaccines that reduce the likelihood of vaccine mismatch among influ-
enza type B strains are likely to provide improved protection against 
influenza type B infection.
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