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ABSTRACT
This review was undertaken to consolidate information on the epidemiology and burden of influenza B, as
well as the circulation patterns of influenza B lineage in 9 European countries. Following a comprehensive
search of peer-reviewed and gray literature sources, we found that published data on influenza B
epidemiology and burden are scarce. Surveillance data show frequent co-circulation of both influenza B
lineages during influenza seasons, but little is known about its impact, especially in adults and the clinical
burden of influenza B remains unknown. Mismatch between the circulating influenza B lineage and
vaccine recommendations has been seen in at least one influenza season in every country. Such
observations could impact the effectiveness of seasonal influenza vaccination programs using trivalent
vaccines, which contain only one influenza B lineage (B/Yamagata or B/Victoria) and highlight the need for
local studies to better understand the epidemiology and burden of influenza B in these countries.
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Introduction

Annual seasonal influenza epidemics, caused by influenza virus
types A and B, are associated with considerable health and eco-
nomic consequences worldwide,1 and are estimated to cause
about 3–5 million cases of severe illness, and about 250–
500,000 deaths each year. The estimated annual attack rates
range from 5–10% in adults to 20–30% in children.2 The bur-
den of seasonal influenza in Europe is therefore large and asso-
ciated with high cumulative social and economic burden
manifesting, not only as direct medical costs, but also as
reduced quality of life and lost work productivity.3

Although there is general belief that influenza disease due to
type B is milder than type A, data show that infections with
influenza A and B are clinically indistinguishable.4,5 Individuals
of all ages can be affected, but the incidence of influenza com-
plications is generally higher in younger children and the
elderly. 6 Notably, higher rates of disease-associated complica-
tions and deaths are seen in the elderly due to the frequent
presence of underlying chronic health conditions.6

Several disease management strategies including vaccina-
tion and antiviral treatment are available to cope with sea-
sonal influenza epidemics.7 Vaccination is considered the
most effective option for preventing influenza related-ill-
nesses and complications.7 The most commonly used vac-
cine in influenza immunization programs worldwide is the
trivalent formulation which comprises virus types represent-
ing 3 influenza strains – 2 influenza A strains (A/H1N1 and
A/H3N2), and one influenza B lineage (B/Yamagata or B/
Victoria). As influenza viruses undergo frequent changes in

their surface antigens, new influenza vaccines are designed
annually to match the circulating lineage expected for the
next influenza season.8,9

Epidemiological surveillance data show widespread co-cir-
culation of these 2 B lineages within the same influenza season
since 2000.10,11 As one of these lineages is not covered by the
annual vaccine, and due to limited cross-protection conferred
between the 2 antigen-distinct influenza B lineages, a vaccine
lineage mismatch with circulating lineages could result in less
effective vaccination programs and additional disease-related
burden.12-17

Quadrivalent influenza vaccines, which contain 2 influenza
A (A/H1N1 and A/H3N2) and 2 influenza B lineages (B/Victo-
ria and B/Yamagata), have been developed as an alternative, to
avoid poor antigenic match and improve protection by offering
broader protection against influenza B.7,18 Accordingly, WHO
(World Health Organization) updated its vaccine recommen-
dations for the Northern Hemisphere during the 2012–2013
influenza season to include a quadrivalent vaccine formulation
for the prevention of seasonal influenza.19 In line with this rec-
ommendation, it is expected that quadrivalent vaccines could
prove beneficial over trivalent vaccines in the control of sea-
sonal influenza.

Due to competing health priorities, accurate and consistent
epidemiological evidence is needed to support appropriate and
relevant vaccine-specific recommendations. However, there is a
lack of evidence on the epidemiology and pattern of circulation
of influenza B in some European countries. The aim of this lit-
erature review was therefore to examine the epidemiology,
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disease burden, seasonality and strain circulation patterns of
influenza B in the overall population of 9 small to medium-
sized European countries (Switzerland, Austria, Belgium, Lux-
embourg, Finland, Greece, Czech Republic, Slovakia and
Estonia).

Comprehensive review of peer-reviewed literature

The literature searches identified 1,513 hits in PubMed and 25
in the Cochrane library, from which 10 peer-reviewed articles
were included in the final review (Switzerland [n D 1]; Austria
[n D 1]; Belgium [n D 1]; Luxembourg [n D 0]; Finland [n D
2]; Greece [n D 3]; Czech Republic [n D 1]; Slovakia [n D 1];
Estonia [n D 0]). All of the articles provided information on
disease epidemiology, 6 had information on disease burden
(General Practitioner [GP] and Emergency Room [ER] visits,
hospitalization rates, mortality, complications and antibiotic
use) and 3 had information on circulating strains. All articles
had been found in PubMed; no articles were retrieved from the
Cochrane library or manual literature search (Fig. 1).

Epidemiology of influenza B infection
No data on the incidence of the 2 influenza B lineages were
identified in the review. Some information was available on the
proportions of influenza B lineage among laboratory-confirmed
influenza cases for all countries except Luxembourg and Esto-
nia (Table 1). The majority of studies reporting the proportion
of influenza B lineage circulation considered only pediatric
populations. Data on the age distribution of influenza B cases
were scarce.20-23

Burden of disease due to influenza B
Information on the burden of disease was available for influ-
enza B-associated hospitalization rate in Finland (n D 1)22 and

influenza B-associated complications and antibiotic use in Swit-
zerland (n D 1).21 No information was found either on influ-
enza B-associated GP or ER visits or influenza B-associated
mortality for any of the countries included in this review. How-
ever, 6 articles (Switzerland [n D 1]21; Austria [n D 1]24; Fin-
land [n D 1]22; Greece [n D 3]23,25,26) presented combined data
on the overall burden of influenza together with data on the
proportion of influenza B: hospitalization rates (n D 3)21-23;
mortality (n D 2)24,25; complications (n D 3)21,23,26; antibiotics
consumption (n D 2).21,23 These data combined may
provide a rough indication of the disease burden due to
influenza B.

Influenza-related hospitalization and mortality. Data on over-
all influenza-related hospitalization and mortality combined
with proportions of influenza B were limited21-25 and, where
available, these data were primarily focused on the pediatric
population. Information on influenza-related hospitalization
and mortality were lacking for Belgium, Luxembourg, Czech
Republic, Slovakia and Estonia.

Regarding overall influenza, in 2001–2003 the yearly popu-
lation-based hospitalization rate for overall influenza in chil-
dren aged 0–18 years in Switzerland was 39.5 per 100,000; the
annual hospitalization rate in children below 6 years of age was
high (141 per 100,000 children).21 Proportions of influenza B
among hospitalized pediatric patients with laboratory-
confirmed influenza were 11.1% in 2001–2002 and 36.4% in
2002–2003.21 Information on the overall influenza-related
mortality rate in combination with proportion of influenza B
was not available for Switzerland.

Data on overall influenza-associated hospitalization rate and
associated influenza B proportions were not available for Aus-
tria. A Poisson model-based study indirectly estimated influ-
enza-attributable deaths using weekly surveillance (included in

Figure 1. PubMed selection procedure and number of included articles.
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Table 1) and daily mortality data. All-cause influenza-attribut-
able deaths ranged from 4.4 to 50 per 100,000 per season dur-
ing 1999–2009. Mortality rates were highest among the elderly
aged �60 years. In those of ages 0–14 years and 15–24 years,
influenza-associated mortality during the seasonal epidemics
ranged from 0 to 2.1 and 0 to 2.7 per 100,000, respectively.24

The overall proportion of influenza strains is presented in
Table 1. In Finland, the average annual incidence of overall
influenza- and influenza B-associated hospitalization in infants
below one year of age was 225 (95% Confidence Interval [CI]:
188–262) and 30 (95% CI: 17–44) per 100,000 children respec-
tively.22 No data on influenza-associated mortality was identi-
fied in the review.

Overall influenza-associated hospitalization rates in the
Athens area were 16.8 per 10,000 children in 2002–2003 and
13.6 per 10,000 children in 2004–2005.23 The proportion of
influenza B among all influenza-associated hospitalizations was
14.3% for both seasons combined. Hospitalization rates were
highest in children under 5 years of age and particularly among
those below 3 years of age.23 The following mortality rates were
reported for a pediatric population in southern Greece: 2.0%,
6.5% and 9.0% of influenza cases in 2009–2010, 2010–2011 and
2011–2012 seasons, respectively. The proportions of influenza
B among all influenza-related hospitalizations during these sea-
sons were 0.1%, 1.7% and 49.3%, respectively.25

Rates of influenza-related complications and antibiotic use.
Three studies (Switzerland [n D 1]21; Greece [n D 2]23,26) pro-
vided some information on the frequency of complications and
antibiotic use resulting from an outbreak of influenza in the
region. Only one study (Switzerland)21 described these data
specifically for influenza B; the other 2 provided information
on the proportion of influenza B among the study population.
Information on complications and antibiotic consumption
were not available for Austria, Belgium, Luxembourg, Finland,
Czech Republic, Slovakia and Estonia.

In Switzerland among the pediatric patients hospitalized
with influenza B, 14.3% had febrile convulsions and 35.7%
patients were prescribed antibiotics. None of the patients
needed intensive care.21 The most frequently observed compli-
cations of overall influenza, reported in a study from Greece in
729 hospitalized children aged 6 months to 13 years, were acute
otitis media (21.1%), febrile seizures (19.2%) and pneumonia
(9.9%).23 Antibiotics were prescribed to influenza-positive
patients mainly due to acute otitis media (34%) and pneumonia
(16%). The proportion of influenza B in the study population
was 14.3%.23 No statistically significant difference regarding
antibiotic use was documented between the influenza-negative
(343/568, 60.4%) and positive (99/161, 61.5%) groups.23 Data
on complications in pediatric patients below 18 years in Greece
during the 2005–2008 winter seasons were available from
another study: 18.6%, 7.8% and 2.5% of influenza-infected
patients had conjunctivitis, suffered from respiratory hin-
drance, and had evidence of pneumonia, respectively.26 Influ-
enza virus type B was the dominant type isolated during the
first season (83.6%), while subtypes A/H3N2 (78.1%) and A/
H1N1 (70.8%) dominated over the following 2 winter seasons,
respectively.

Circulation and vaccine match-mismatch of influenza B
subtype lineages
Papers describing data on circulating lineages were available
from only 3 studies (Austria [n D 1]24; Finland [n D 1]27; and
Greece [n D 1]25). There was no information on circulating
influenza B strains from peer-reviewed literature for Switzer-
land, Belgium, Luxembourg, Czech Republic, Slovakia and
Estonia.

In Austria, the B/Victoria lineage was the predominant
strain in the 2001–2002 season. During the other seasons
between 1999–2000 and 2009–2010, influenza A strain predo-
minated every season. No information on influenza B circula-
tion was reported when influenza A strain predominated.24

In Finland information on the circulation of influenza B lin-
eages was available only for the 2002–2003 influenza season.
Both lineages of influenza B virus circulated during this season,
but the B/Victoria lineage was the predominant circulating
lineage (94.7%). Minor mismatch (5.3%) between vaccine line-
age (B/Victoria) with the circulating B/Yamagata lineage was
observed in this influenza season.27

In Greece, information on influenza B lineage circulation
was available only for the 2011–2012 season during which
both influenza B lineages co-circulated (approx. 50%); only
B/Victoria lineage was included in the vaccine during this
season.25

Gray literature and other data sources

International and regional epidemiologic surveillance

Epidemiology of influenza B infection. Details of the circula-
tion of seasonal influenza strains, as obtained from WHO-Flu-
Net database (Global Influenza Surveillance and Response
System [GISRS] Laboratories) weekly reports are shown in
Figure 2.

Information is lacking for some seasons and not all coun-
tries have available information on all types and subtypes.
However, despite this limitation, the lack of homogeneity in
seasonal strain circulation is evident.

Circulation and vaccine match-mismatch of influenza B
subtype lineages
As no comprehensive information could be retrieved from only
one source, data from WHO-FluNet and EuroFlu were com-
bined to compile information on the circulating influenza B
lineage per season (Table 2) and to assess co-circulation pat-
terns and vaccine match-mismatch every season.

From the available data, both B lineages were present at
least in one season for each of the studied countries since
2002 (Table 2). Co circulation of the 2 lineages was the
most frequent finding in almost all countries in the years
with available information. Further, except in Estonia for
which no data were available, in all countries, mismatch
between the circulating influenza B lineage and vaccine
recommended lineage was observed in at least one influ-
enza season. The maximum number of mismatch years in
this data series (3 of the 11 years) is seen in Austria, Bel-
gium, Luxembourg, Finland and Greece. (Table 2). Com-
plete vaccine mismatches (i.e. 100% circulation of the

HUMAN VACCINES & IMMUNOTHERAPEUTICS 997



lineage other than the vaccine recommended lineage) were
observed during some influenza seasons in Austria, Bel-
gium, Luxembourg, Finland, Greece and Czech Republic.

National epidemiologic surveillance
No additional information was found with a search of local
Ministries of Health (MoH) websites and Google and the
retrieved information confirmed our previous findings.

Discussion

Data on influenza B epidemiology and burden of disease are
essential to understand the level of risk and protection that cur-
rent trivalent vaccination can provide. In this review, we aimed
to describe the available evidence on influenza B-related epide-
miology and disease burden in 9 small and medium-sized
European countries from the literature as well as using interna-
tional and national surveillance data sources.

Figure 2. Circulation patterns of seasonal influenza viruses excluding pandemic seasons, 2003–2013� (WHO-FluNet) Flu, influenza; wk, week, �Note: Austria (Data unavail-
able for 2005–2009); Belgium (Data unavailable for 2006); Luxembourg (Data unavailable for 2003 and 2005); Slovakia (Data unavailable for 2005–2008); Estonia (Data
unavailable for 2003–2007).

998 M. TAFALLA ET AL.



The first notable finding is the scarce attention that influ-
enza B has received from researchers, as demonstrated by the
low number of peer-reviewed publications covering its epide-
miology. Our search identified no incidence data from these 9
countries; only strain-type distribution information was avail-
able. Burden of disease information was also scarce. Other
sources of information, such as local surveillance websites or
supranational organizations, which compiled the information
sent by local health authorities to WHO for influenza surveil-
lance, were very useful for our research and provided valuable
information. Nevertheless, these individual sources were not
sufficiently comprehensive and we needed to take information
from each source to provide a bigger picture of the situation.

Reasons for this scarcity of data could include the observa-
tion that epidemiologists working in surveillance systems do
not consider publishing peer-reviewed papers, as the informa-
tion is disclosed in weekly reports. However this does not
explain the lack of incidence data in combined peer-reviewed
and other sources. As a result, clinicians cannot easily access
the information. Further, assessing disease burden is a complex
task, especially as in addition to the direct disease burden, an
important indirect burden, due to all the medical conditions
that can become complicated or even fatal because of influenza,
especially in the elderly, needs to be considered. Several meth-
ods which measure the indirect influenza-attributable burden,
including complex modeling exercises, are being increasingly
but not routinely used. The false perception that influenza B is
a mild form of influenza, can account for the lack of research,
and contribute to the lack of awareness among the medical
community of the true circulation, potential mismatch and dis-
ease burden.

The second important point relates to the lack of predictable
patterns in strain circulation seen in these countries. Even con-
sidering neighboring countries, such as Belgium and Luxem-
burg in the North; Austria, Switzerland, Slovakia and the Czech
Republic in Central Europe; or Finland and Estonia in the
North-East, it is not possible to see any common circulation
pattern. Indeed, mismatch has occurred in at least one of the
11 seasons in every country with available information
(excludes Estonia) and in 3 different seasons in 5 countries;
even complete vaccine mismatch was observed.

Quantitative mismatch was also highly variable, ranging
from ‘very low’ when B strain proportion was very low, or ‘rele-
vant’ during other seasons or in other countries, when there
was high influenza B circulation. As there is no identifiable
trend, there is no way of predicting how important it will be in
future seasons.

A previous literature review of studies from 1995–2010 indi-
cates that the burden of influenza B can be significant, regard-
less of age.28 However, studies examining hospitalization rates,
ER visits and antibiotic and antiviral use associated with influ-
enza B-attributable disease are lacking. Two previous studies
reported that influenza B-related hospitalization following an
ER visit is more likely in children compared to influenza A.29,30

Other published reports indicate that the highest burden of
influenza-associated complications and death due to influenza
B occurs in the elderly.4,31,32 Severe complications (e.g., enceph-
alopathy, myositis) have also been linked to influenza B infec-
tion.33,34 It has been further shown that whereas influenza B
accounts for up to 29% of respiratory influenza-attributable
deaths in an average season, this could reach 51–95% of all
influenza-attributable deaths in years of high influenza B circu-
lation. 6 Our review of data, obtained predominantly from pedi-
atric populations, suggested a low influenza B-specific clinical
burden (ER and GP visits, hospitalization, mortality, complica-
tions and antibiotic consumption rates) in these 9 European
countries. A recent published literature review by Paul Glezen
et al. (2013) also concluded that data on influenza B are
limited.28

Our review has some limitations, the first relating to country
selection. Since our selection was based on convenience, we
made no attempt to generalize our findings to any other coun-
tries or regions. However, since the value of this review relies
on the lack of distribution homogeneity and is moreover based
on individual country results, we believe that our results are
valuable when highlighting the lack of predictable trends.
Although comprehensive, we did not embark upon a systematic
review as we knew beforehand that some of the information
sources would not be in report form. This would have been a
significant limitation for the critical appraisal phase of a sys-
tematic review, and led us to descriptively process the informa-
tion. Further, in the case of influenza, as surveillance web sites

Table 2. Overview of circulating influenza B lineage, by country, by influenza season.

Circulating lineage Recommended
vaccine lineage

Season Switzerland Austria Belgium Luxembourg Finland Greece Czech Republic Slovakia Estonia

2012–2013 Vic, Yam� -nr- Vic, Yam� -nr- Vic�, Yam -nr- -nr- Vic, Yam� -nr- Yam
2011–2012 Vic�, Yam Vic�, Yam Yam -nr- -nr- Vic, Yamy Vic Vic, Yam� -nr- Vic
2010–2011 Vic�, Yam Vic�, Yam Vic�, Yam -nr- Vic, Yam� Vic, Yam� Vic�, Yam Vic -nr- Vic
2009–2010 Vic�, Yam -nr- Vic�, Yam -nr- -nr- Vic -nr- -nr- -nr- Vic
2008–2009 Vic�, Yam Vic Vic�, Yam -nr- Vic Vic -nr- -nr- -nr- Yam
2007–2008 -nr- Yam -nr- Yam -nr- -nr- Yam -nr- -nr- Vic
2006–2007 -nr- -nr- -nr- Yam -nr- -nr- -nr- -nr- -nr- Vic
2005–2006 -nr- Vic�, Yam Vic�, Yam Yam -nr- -nr- Vic -nr- -nr- Yam
2004–2005 Vic, Yam� Vic, Yam� Yam Vic�, Yam -nr- -nr- Yam Yam -nr- Yam
2003–2004 -nr- -nr- -nr- -nr- -nr- -nr- -nr- -nr- -nr- Vic
2002–2003 Vic -nr- -nr- -nr- Vic�, Yamy -nr- Vic Vic -nr- Vic

Note: Data are obtained from EuroFlu and FluNet, unless otherwise specified:
yData obtained from peer-reviewed literature: Finland27, Greece25;
�Predominant lineage; Text in bold-face indicate mismatch between predominant circulating influenza B lineage and vaccine lineage; -nr-, not reported; Vic: B/Victoria
lineage; Yam: B/Yamagata lineage.
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at local and supranational level are an invaluable source of data
on virus circulation, we felt it was important to keep these rele-
vant sources in our review. Our results are therefore limited by
the quality of the identified studies, but it should be remembered
that the objective of this review was to describe all available epi-
demiological information. The data presented for these 9 small
to medium-sized countries are considerably disparate and as
such limits its impact on generalizability to the entire region of
Europe. Furthermore, the results are bound by the inherent
limitations of the studies included in the literature review. The
comparability of data between countries are constrained by dif-
ferences in individual study designs (population-based, hospital-
based, etc.), outcomes, case definitions, mode of data collection
(retrospective versus prospective) and detection methods for lab-
oratory-confirmed influenza. In addition, drawing conclusions
was hampered by gaps in laboratory surveillance, wherein some
countries had no available data for many years.

In summary, our review highlights the unpredictability of
influenza B lineage circulation in the region, and the mismatch
between the circulating influenza B and vaccine recommended
lineages in the trivalent vaccine. The findings also highlight the
need for local research to better understand strain circulation
and the burden of influenza, including influenza B, in the 9
European studies included in this review.

Methods

Comprehensive literature review

The PubMed library was used to perform a search in January
2014 for relevant literature on influenza B. Two different search
strings were used in combination: (“Human influenza [MeSH]
OR flu[tw] OR influenza-like illness[tw] OR flu-like illness[tw]
OR influenza[tw]”) AND “(Switzerland[tw] OR Switzerland
[ad] OR Swiss[tw] OR Austria�[tw] OR Austria�[ad] OR
Belgi�[tw] OR Belgi�[ad] OR Luxembourg�[tw] OR Luxem-
bourg�[ad] OR Finland[tw] OR Finland[ad] OR Finnish[tw]

OR Finnish[ad] OR Greece[tw] OR Greece[ad] OR Greek[tw]
OR Greek[ad] OR Czech[tw] OR Czech[ad] OR Slovak�[tw]
OR Slovak�[ad] OR Estonia�[tw] OR Estonia�[ad]).”

The Cochrane database was searched by combining “influ-
enza” with several search terms for each country: “influenza”
(title, abstract, keywords) AND “Switzerland” OR “Swiss” OR
“Austria�” OR “Belgi�” OR “Luxembourg�” OR “Finland” OR
“Finnish” OR “Greece” OR “Greek” OR “Czech” OR “Slovak�”
OR “Estonia�.” Trials, technology assessments and economic
evaluations were excluded.

Limits applied in both searches included publication date
(January 2003 to January 2014) and language (English, French,
German and Dutch). As part of a quality control process, the
first 30% of titles and abstracts were screened in duplicate by 2
independent researchers. The results were compared and dis-
cussed before the remaining references were assessed by one
researcher. Subsequent to screening, the first 10% of full text
articles were also critically appraised in duplicate by 2 indepen-
dent researchers. The results were compared and discussed and
any disagreements were adjudicated by a third researcher,
when necessary.

The three step procedure for including relevant references
including eligibility criteria is provided in Table 3.35

A manual search of reference lists of included articles and
narrative reviews was also performed to find additional peer-
reviewed literature which was not retrieved from PubMed or
the Cochrane library.

Gray literature and other data sources

An extensive search in other data sources was performed to
retrieve information on epidemiological surveillance. Websites
including WHO,2,19 FluNet,36 EuroFlu,37 European Centre of
Disease Prevention and Control (ECDC),38 MoH of the coun-
tries of interest and national surveillance databases for influ-
enza were searched. Other national surveillance networks and
annual reports were searched using Google.

Table 3. Selection procedure.

Step 1. Screening articles by reading titles and abstracts
Inclusion criteria:
� Relevant outcome related to seasonal influenza A/H1N1, A/H3N2, B/Victoria and B/Yamagata
� Conducted in, or presented data from at least one of the selected European countries
� Presented data from 2003 onward

Exclusion criteria:
� Pandemic influenza
� Pharmacokinetic or pharmacodynamics studies
� Animal or in vitro studies
� Case reports, cases series, clinical trials, or meta-analyses
� Articles on pathophysiology, treatment, etiology, or diagnosis
� Articles including pneumonia patients as the study population
� No abstract provided (full text was checked if the title closely matched the review objective)
� Fewer than 30 patients
� Case studies

Step 2. Screening of full text articles selected in Step 1.
These articles were either included in the evidence tables or were excluded if the article did not contain relevant information or contained poor quality information. At

this stage, critical appraisal of full text articles, using a standard set of criteria, took place.
Exclusion criteria:
� A narrative review (e.g., no methods section describing how the authors collected the literature)
� Content of the article does not answer any of the review questions, which was unclear during selection step 1
� No quantitative data could be retrieved from the article

Step 3. Screening during data-extraction phase
Further scrutiny of the article during the data-extraction phase possibly leading to exclusion
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We referred to the WHO website to check recommendations
on the vaccine composition in the Northern Hemisphere.19

Information on proportions of influenza B lineage circulation
and circulation patterns for the 9 European countries selected
for the analysis were obtained from the WHO-FluNet database,
a global tool for influenza virological surveillance. Data are pro-
vided to this database remotely by National Influenza Centres
(NICs) of the GISRS and other national influenza reference labo-
ratories collaborating actively with GISRS, or are obtained from
WHO regional databases.36 The EuroFlu website was reviewed
to obtain influenza-related epidemiological and virological data
for the selected countries in the European region. In each of the
countries, one or several networks of sentinel physicians which
report consultation rates due to influenza-like illness (ILI) and
acute respiratory infection were reviewed.

All data reported are descriptive. Epidemiological parame-
ters extracted from publications were incidence rates and pro-
portions of influenza B among laboratory-confirmed influenza
cases, with subtyping results. Outcome measures of disease bur-
den included ER and GP visits, hospitalization and mortality
rates, rates of complications and antibiotic consumption. Cir-
culation patterns and vaccine mismatch were analyzed based
on comparisons of vaccine and circulating B strains for each
country by influenza season. Data on case distribution by influ-
enza virus types and subtypes (B/Yamagata and B/Victoria),
and age group are reported, where available.

Abbreviations

CI confidence interval
ECDC European Centre of Disease Prevention and Control
ER emergency room
GISRS Global Influenza Surveillance and Response System
GP general practitioner
ILI influenza-like illness
MoH Ministry of Health
NICs National Influenza Centres
WHO World Health Organization.

Disclosure of potential conflicts of interest

MT & RG are employees of the GSK group of companies and hold stock
options/restricted shares from this entity. MB and MVN report fees for
services to their institution from the GSK group of companies during the
conduct of the study and outside the submitted work.

Acknowledgments

The authors thank Gr�egory Leroux (publications manager, Business &
Decision Life Sciences on behalf of GSK Vaccines) for editorial support
and manuscript coordination, Amrita Ostawal (freelance medical writer,
on behalf of GSK Vaccines) for medical writing and Julia Donnelly (free-
lance publications manager, on behalf of GSK Vaccines) for language edit-
ing. The authors would like to thank Riju Ray (GSK Vaccines) for his
precious comments during the review of the manuscript.

Funding

GlaxoSmithKline Biologicals SA funded all costs associated with the litera-
ture review and the development and publication of this manuscript.

Authors’ contributions

All authors participated in the literature review design or implementation
or analysis, and interpretation of the literature review; and the develop-
ment of this manuscript. All authors had full access to the data and
approved the final manuscript. The work described was carried out in
accordance to ICMJE recommendations for conduct, reporting, editing
and publications of scholarly work in medical journals. The corresponding
author had responsibility to submit the final manuscript for publication.
MT, MB, RG and MVN contributed to the design of the literature review
and interpreted data, MT, MB and MVN collected the data and performed
the analysis.

References

[1] Nair H, Brooks WA, Katz M, Roca A, Berkley JA, Madhi SA, Sim-
merman JM, Gordon A, Sato M, Howie S, et al. Global burden of
respiratory infections due to seasonal influenza in young children: a
systematic review and meta-analysis. Lancet 2011; 378:1917-30;
PMID:22078723; http://dx.doi.org/10.1016/S0140-6736(11)61051-9

[2] World Health Organization. Influenza (Seasonal): Fact Sheet N�211.
March 2014; Available from: http://www.who.int/mediacentre/fact
sheets/fs211/en/ [Accessed 5 February 2014].

[3] Keech M, Beardsworth P. The impact of influenza on working days
lost: a review of the literature. Pharmacoeconomics 2008; 26:911-24;
PMID:18850761; http://dx.doi.org/10.2165/00019053-200826110-00004

[4] Hong KW, Cheong HJ, Song JY, Noh JY, Yang TU, Kim WJ. Clinical
manifestations of influenza A and B in children and adults at a tertiary
hospital in Korea during the 2011–2012 season. Jpn J Infect Dis 2015;
68:20-6; PMID:25420662; http://dx.doi.org/10.7883/yoken.JJID.2013.466

[5] Irving SA, Patel DC, Kieke BA, Donahue JG, Vandermause MF, Shay
DK, Belongia EA. Comparison of clinical features and outcomes of
medically attended influenza A and influenza B in a defined popula-
tion over four seasons: 2004–2005 through 2007–2008. Influenza
Other Respir Viruses 2012; 6:37-43; PMID:21668663; http://dx.doi.
org/10.1111/j.1750-2659.2011.00263.x

[6] Matias G, Taylor R, Haguinet F, Schuck-Paim C, Lustig R, Shinde V.
Estimates of mortality attributable to influenza and RSV in the
United States during 1997–2009 by influenza type or subtype, age,
cause of death, and risk status. Influenza Other Respir Viruses 2014;
8:507-15; PMID:24975705; http://dx.doi.org/10.1111/irv.12258

[7] World Health Organization. Vaccines against influenza WHO
position paper – November 2012. Wkly Epidemiol Rec 2012;
87:461-76. Available at: http://www.who.int/wer/2012/wer8747.
pdf?uaD1 [Accessed 9 February 2014].

[8] Skowronski DM, Masaro C, Kwindt TL, Mak A, Petric M, Li Y,
Sebastian R, Chong R, Tam T, De Serres G. Estimating vaccine
effectiveness against laboratory-confirmed influenza using a sentinel
physician network: results from the 2005–2006 season of dual A and
B vaccine mismatch in Canada. Vaccine 2007; 25:2842-51;
PMID:17081662; http://dx.doi.org/10.1016/j.vaccine.2006.10.002

[9] Skowronski DM, De Serres G, Dickinson J, Petric M, Mak A, Fonseca
K, Kwindt TL, Chan T, Bastien N, Charest H, et al. Component-spe-
cific effectiveness of trivalent influenza vaccine as monitored through
a sentinel surveillance network in Canada, 2006–2007. J Infect Dis
2009; 199:168-79; PMID:19086914; http://dx.doi.org/10.1086/595862

[10] Belshe RB, Coelingh K, Ambrose CS, Woo JC, Wu X. Efficacy of live
attenuated influenza vaccine in children against influenza B viruses
by lineage and antigenic similarity. Vaccine 2010; 28:2149-56;
PMID:20003926; http://dx.doi.org/10.1016/j.vaccine.2009.11.068

[11] Belshe RB. The need for quadrivalent vaccine against seasonal influ-
enza. Vaccine 2010; 28 Suppl 4:D45-53; PMID:20713260; http://dx.
doi.org/10.1016/j.vaccine.2010.08.028

[12] Caini S, Huang QS, Ciblak MA, Kusznierz G, Owen R, Wangchuk S,
Henriques CM, Njouom R, Fasce RA, Yu H, et al. Epidemiological
and virological characteristics of influenza B: results of the Global
Influenza B Study. Influenza Other Respir Viruses 2015; 9 Suppl 1:3-
12; PMID:26256290; http://dx.doi.org/10.1111/irv.12319

[13] Karve S, Meier G, Davis KL, Misurski DA, Wang CC. Influenza-
related health care utilization and productivity losses during seasons

HUMAN VACCINES & IMMUNOTHERAPEUTICS 1001

http://dx.doi.org/10.1016/S0140-6736(11)61051-9
http://www.who.int/mediacentre/factsheets/fs211/en/
http://www.who.int/mediacentre/factsheets/fs211/en/
http://dx.doi.org/10.2165/00019053-200826110-00004
http://dx.doi.org/10.7883/yoken.JJID.2013.466
http://dx.doi.org/21668663
http://dx.doi.org/10.1111/j.1750-2659.2011.00263.x
http://dx.doi.org/10.1111/irv.12258
http://www.who.int/wer/2012/wer8747.pdf?ua=1
http://www.who.int/wer/2012/wer8747.pdf?ua=1
http://www.who.int/wer/2012/wer8747.pdf?ua=1
http://dx.doi.org/10.1016/j.vaccine.2006.10.002
http://dx.doi.org/10.1086/595862
http://dx.doi.org/10.1016/j.vaccine.2009.11.068
http://dx.doi.org/20713260
http://dx.doi.org/10.1016/j.vaccine.2010.08.028
http://dx.doi.org/10.1111/irv.12319


with and without a match between the seasonal and vaccine virus B
lineage. Vaccine 2013; 31:3370-88; PMID:23707697; http://dx.doi.
org/10.1016/j.vaccine.2013.04.081

[14] DiazGranados CA, Denis M, Plotkin S. Seasonal influenza vaccine
efficacy and its determinants in children and non-elderly adults: a
systematic review with meta-analyses of controlled trials. Vaccine
2012; 31:49-57; PMID:23142300; http://dx.doi.org/10.1016/j.
vaccine.2012.10.084

[15] Tricco AC, Chit A, Soobiah C, Hallett D, Meier G, Chen MH, Tash-
kandi M, Bauch CT, Loeb M. Comparing influenza vaccine efficacy
against mismatched and matched strains: a systematic review and
meta-analysis. BMC Med 2013; 11:153; PMID:23800265; http://dx.
doi.org/10.1186/1741-7015-11-153

[16] Heikkinen T, Ikonen N, Ziegler T. Impact of influenza B lineage-level
mismatch between trivalent seasonal influenza vaccines and circulat-
ing viruses, 1999–2012. Clin Infect Dis 2014; 59:1519-24;
PMID:25139969; http://dx.doi.org/10.1093/cid/ciu664

[17] Reed C, Meltzer MI, Finelli L, Fiore A. Public health impact of
including two lineages of influenza B in a quadrivalent seasonal influ-
enza vaccine. Vaccine 2012; 30:1993-8; PMID:22226861; http://dx.
doi.org/10.1016/j.vaccine.2011.12.098

[18] Ambrose CS, Levin MJ. The rationale for quadrivalent influenza vac-
cines. Hum Vaccin Immunother 2012; 8:81-8; PMID:22252006;
http://dx.doi.org/10.4161/hv.8.1.17623

[19] World Health Organization. WHO recommendations on the compo-
sition of influenza virus vaccines, Influenza. 2014; Available from:
http://www.who.int/influenza/vaccines/virus/recommendations/en/
index.html [Accessed 5 February 2014]

[20] Hombrouck A, Sabbe M, Van Casteren V, Wuillaume F, Hue D, Rey-
nders M, G�erard C, Brochier B, Van Eldere J, Van Ranst M, et al. Viral
aetiology of influenza-like illness in Belgium during the influenza A
(H1N1)2009 pandemic. Eur J Clin Microbiol Infect Dis 2012; 31:999-
1007; PMID:21901635; http://dx.doi.org/10.1007/s10096-011-1398-4

[21] Meury S, Zeller S, Heininger U. Comparison of clinical characteris-
tics of influenza and respiratory syncytial virus infection in hospital-
ised children and adolescents. Eur J Pediatr 2004; 163:359-63;
PMID:15106003; http://dx.doi.org/10.1007/s00431-004-1445-6

[22] Silvennoinen H, Peltola V, Vainionp€a€a R, Ruuskanen O, Heikki-
nen T. Incidence of influenza-related hospitalizations in different
age groups of children in Finland: a 16-year study. Pediatr Infect
Dis J 2011; 30:e24-8; PMID:21298851; http://dx.doi.org/10.1097/
INF.0b013e3181fe37c8

[23] Sakkou Z, Stripeli F, Papadopoulos NG, Critselis E, Georgiou V,
Mavrikou M, Drossatou P, Constantopoulos A, Kafetzis D, Tsolia M.
Impact of influenza infection on children’s hospital admissions dur-
ing two seasons in Athens, Greece. Vaccine 2011; 29:1167-72;
PMID:21172380; http://dx.doi.org/10.1016/j.vaccine.2010.12.014

[24] Redlberger-Fritz M, Aberle JH, Popow-Kraupp T, Kundi M.
Attributable deaths due to influenza: a comparative study of sea-
sonal and pandemic influenza. Eur J Epidemiol 2012; 27:567-75;
PMID:22678614; http://dx.doi.org/10.1007/s10654-012-9701-y

[25] Melidou A, Exindari M, Gioula G, Malisiovas N. Severity of the two
post-pandemic influenza seasons 2010–11 and 2011–12 in Northern
Greece. Hippokratia 2013; 17:150-2; PMID:24376321

[26] Pogka V, Kossivakis A, Kalliaropoulos A, Moutousi A, Sgouras D,
Panagiotopoulos T, Chrousos GP, Theodoridou M, Syriopoulou VP,
Mentis AF. Respiratory viruses involved in influenza-like illness in a
Greek pediatric population during the winter period of the years

2005–2008. J Med Virol 2011; 83:1841-8; PMID:21837803; http://dx.
doi.org/10.1002/jmv.22173

[27] Ikonen N, Pyh€al€a R, Axelin T, Kleemola M, Korpela H. Reappear-
ance of influenza B/Victoria/2/87-lineage viruses: epidemic activity,
genetic diversity and vaccination efficacy in the Finnish Defence
Forces. Epidemiol Infect 2005; 133:263-71; PMID:15816151; http://
dx.doi.org/10.1017/S0950268804003462

[28] Paul Glezen W, Schmier JK, Kuehn CM, Ryan KJ, Oxford J. The bur-
den of influenza B: a structured literature review. Am J Public Health
2013; 103:e43–51; PMID:23327249; http://dx.doi.org/10.2105/
AJPH.2012.301137

[29] Bender JM, Ampofo K, Gesteland P, Stoddard GJ, Nelson D, Bying-
ton CL, Pavia AT, Srivastava R. Development and validation of a risk
score for predicting hospitalization in children with influenza virus
infection. Pediatr Emerg Care 2009; 25:369-75; PMID:19458562;
http://dx.doi.org/10.1097/PEC.0b013e3181a792a9

[30] Hite LK, Glezen WP, Demmler GJ, Munoz FM. Medically attended
pediatric influenza during the resurgence of the Victoria lineage of
influenza B virus. Int J Infect Dis 2007; 11:40-7; PMID:16678464;
http://dx.doi.org/10.1016/j.ijid.2005.10.008

[31] Hinds AM, Bozat-Emre S, Van Caeseele P, Mahmud SM. Com-
parison of the epidemiology of laboratory-confirmed influenza A
and influenza B cases in Manitoba, Canada. BMC Public Health
2015; 15:35; PMID:25633280; http://dx.doi.org/10.1186/s12889-
015-1351-z

[32] Thompson WW, Shay DK, Weintraub E, Brammer L, Cox N, Ander-
son LJ, Fukuda K. Mortality associated with influenza and respiratory
syncytial virus in the United States. JAMA 2003; 289:179-86;
PMID:12517228; http://dx.doi.org/10.1001/jama.289.2.179

[33] Glezen WP. Influenza viruses. In: Feigin RD, Cherry J, Demmler-
Harrison GJ, Kaplan SL, editors., eds. Feigin and Cherry’s Textbook
of Pediatric Infectious Diseases. 5th ed Philadelphia, PA: W.B. Saun-
ders; 2009. 2395-2413p.

[34] Li WC, Shih SR, Huang YC, Chen GW, Chang SC, Hsiao MJ,
Tsao KC, Lin TY. Clinical and genetic characterization of severe
influenza B-associated diseases during an outbreak in Taiwan. J
Clin Virol 2008; 42:45-51; PMID:18325832; http://dx.doi.org/
10.1016/j.jcv.2007.11.026

[35] Coordination of Cancer Clinical Practice Guidelines in Europe,
Available from: http://www.cocancpg.eu/Home/op_1-it_1-la_1-ve_1.
html [Accessed 1 May 2014].

[36] World Health Organization. FluNet, Influenza. 2014; Available from:
http://www.who.int/influenza/gisrs_laboratory/flunet/en/[Accessed 1
May 2014].

[37] Flu News Europe, Joint ECDC-WHO/Europe weekly influenza
update. 2014; Available from: http://euroflu.org/ [Accessed 13 Febru-
ary 2014].

[38] European Centre for Disease Prevention and Control. 2014;
Available from: http://www.ecdc.europa.eu/en/Pages/home.aspx
[Accessed 13 February 2014].

[39] Kyncl J, Havlickova M, Nagy A, Jirincova H, Piskova I. Early and
unexpectedly severe start of influenza epidemic in the Czech Repub-
lic during influenza season 2012–13. Euro Surveill 2013; 18;
PMID:23410257

[40] Seligov�a J, Culmanov�a A, Kristufkov�a Z, Cisl�akova L, Hudeckov�a H.
Changes in surveillance of acute respiratory infections including
influenza in the Slovak Republic during 1993–2008. Cent Eur J Pub-
lic Health 2011; 19:20-5; PMID:21526651

1002 M. TAFALLA ET AL.

http://dx.doi.org/23707697
http://dx.doi.org/10.1016/j.vaccine.2013.04.081
http://dx.doi.org/10.1016/j.vaccine.2012.10.084
http://dx.doi.org/10.1016/j.vaccine.2012.10.084
http://dx.doi.org/23800265
http://dx.doi.org/10.1186/1741-7015-11-153
http://dx.doi.org/10.1093/cid/ciu664
http://dx.doi.org/22226861
http://dx.doi.org/10.1016/j.vaccine.2011.12.098
http://dx.doi.org/22252006
http://dx.doi.org/10.4161/hv.8.1.17623
http://www.who.int/influenza/vaccines/virus/recommendations/en/index.html
http://www.who.int/influenza/vaccines/virus/recommendations/en/index.html
http://dx.doi.org/10.1007/s10096-011-1398-4
http://dx.doi.org/10.1007/s00431-004-1445-6
http://dx.doi.org/10.1097/INF.0b013e3181fe37c8
http://dx.doi.org/10.1097/INF.0b013e3181fe37c8
http://dx.doi.org/10.1016/j.vaccine.2010.12.014
http://dx.doi.org/10.1007/s10654-012-9701-y
http://dx.doi.org/24376321
http://dx.doi.org/21837803
http://dx.doi.org/10.1002/jmv.22173
http://dx.doi.org/15816151
http://dx.doi.org/10.1017/S0950268804003462
http://dx.doi.org/10.2105/AJPH.2012.301137
http://dx.doi.org/10.2105/AJPH.2012.301137
http://dx.doi.org/19458562
http://dx.doi.org/10.1097/PEC.0b013e3181a792a9
http://dx.doi.org/16678464
http://dx.doi.org/10.1016/j.ijid.2005.10.008
http://dx.doi.org/10.1186/s12889-015-1351-z
http://dx.doi.org/10.1186/s12889-015-1351-z
http://dx.doi.org/10.1001/jama.289.2.179
http://dx.doi.org/18325832
http://dx.doi.org/10.1016/j.jcv.2007.11.026
http://www.cocancpg.eu/Home/op_1-it_1-la_1-ve_1.html
http://www.cocancpg.eu/Home/op_1-it_1-la_1-ve_1.html
http://www.who.int/influenza/gisrs_laboratory/flunet/en/
http://euroflu.org/
http://www.ecdc.europa.eu/en/Pages/home.aspx
http://dx.doi.org/23410257
http://dx.doi.org/21526651

	Abstract
	Introduction
	Comprehensive review of peer-reviewed literature
	Epidemiology of influenza B infection
	Burden of disease due to influenza B
	Influenza-related hospitalization and mortality
	Rates of influenza-related complications and antibiotic use

	Circulation and vaccine match-mismatch of influenza B subtype lineages

	Gray literature and other data sources
	International and regional epidemiologic surveillance
	Epidemiology of influenza B infection

	Circulation and vaccine match-mismatch of influenza B subtype lineages
	National epidemiologic surveillance


	Discussion
	Methods
	Comprehensive literature review
	Gray literature and other data sources
	Abbreviations

	Disclosure of potential conflicts of interest
	Acknowledgments
	Funding
	Authors' contributions
	References

