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INTRODUCTION

I nfluenza viruses are negative-sense, single-stranded RNA
viruses, which can be divided into 3 types (influenza A, B,
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Abstract: Influenza B viral infection is of great importance, but the

epidemiological and phylogenetic characteristics of influenza B infec-

tion in severe acute respiratory infection (SARI) cases are still unclear.

The clinical information of 2816 SARI cases and 467,737 influenza-

like illness (ILI) cases in Beijing area from September 2014 to April

2015 were collected and analyzed. Among them, 91 influenza B viruses

isolated from SARI cases were sequenced.

The overall yield rate of influenza A/B infection was 14.21% and

27.77% in sampled SARI and ILI cases, respectively. Compared with

influenza A infection, the frequency of influenza B infection in SARI

cases was higher in younger patients. Phylogenetic analysis suggested

that most tested hemagglutination genes belonged to Yamagata lineage

Clade 3, which were similar with current circulating viruses but

different with 2014 to 2015 influenza season vaccine strain (Clade

2). Importantly, HA-Y3/NA-V4 intralineage reassorting was identified

in Beijing area for the first time, which can act as a possible risk factor of

SARIs.

The influenza activity and virus types/subtypes/lineages among

SARI patients were well correlated with that of ILI cases. Furthermore,

the potential risk of reassorted influenza B virus infection should not be

overlooked.

(Medicine 94(52):e2399)

Abbreviations: ILI = Influenza-like illness, LCI = laboratory-

confirmed influenza, SARI = Severe Acute Respiratory Infection.
, Haiqun Qian, M Shi, MMed,
aitao Zhang, Med, and Quanyi Wang, MD

and C) based on the antigenic specificity of the nucleoprotein
and matrix protein.1,2 For influenza B, 2 antigenically and
genetically distinct lineages, defined by the reference strains
B/Victoria/2/87 (Victoria) and B/Yamagata/16/88 (Yamagata),
have been identified since 1980s.3 Both lineages are slowly
evolving and cocirculate globally, causing outbreaks yearly.4

Although influenza B infection is less frequent than influ-
enza A infection on a worldwide scale, the disease burden of
influenza B infection cannot be overlooked, particularly in Asia.
More than half of all influenza-associated mortality was associ-
ated with influenza B in temperate and subtropical cities in China
from 2003 to 2008.5 During 2010 to 2012, 0.058% deaths in
Southern China were caused by influenza B, which was higher
than influenza A/H3N2 or A/H1N1 09 pdm.6 Influenza B virus
infections were also responsible for approximately one-quarter of
influenza-associated hospitalization in Hong Kong within the
same period.7 Therefore, the disease bundle of influenza B virus
highlights the need for continuous surveillance in particular to
severe cases, to predict the potential outbreak of pandemics and
design effective vaccination strategy.

A regional surveillance for severe acute respiratory infec-
tion (SARI) has been established by Beijing Center for Disease
Prevention and Control since July 2014. According to the World
Health Organization’s recommendation, this system is designed
to monitor the respiratory pathogens infections among inpati-
ents. In total, 11 sentinel hospitals in 11 districts around Beijing
area were involved in this program.

So far, the epidemiological and phylogenetic character-
istics of influenza B infection in SARI cases were still unclear:
the regions which run well-designed SARI surveillance system
were limited worldwide. Moreover, prior studies mainly
focused on the demography and clinical features, instead of
virological characteristics of laboratory-confirmed influenza
(LCI) infections.8–11 Therefore, the objective of this retro-
spective study is to identify epidemiological and phylogenetic
characteristics of influenza B infection in SARI cases. Influ-
enza-like illness (ILI) was also enrolled and assessed, as a mild
control group in this study.

METHODS

Specimens and Information Collection
Ethical approval was obtained from the institutional review

board and human research ethics committee of the Beijing
Center for Disease Prevention and Control. Written informed
consents were obtained from each participant. This retrospec-
tive study included patients with SARI and ILI in Beijing area
from September 2014 to April 2015.
for SARI included 11 inpatient depart-
s located in urban and suburban districts
e 1). The enrolment criteria for SARI
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cases included: inpatients with a temperature greater than 38 8C
and cough; onset of clinical symptoms within 10 days.12 We
also enrolled ILI cases as mild controls in this study. The
sentinel sites included 11 outpatient departments in local
hospitals located in urban and suburban districts of Beijing
area. The enrolment criteria for ILI cases included: outpatients
seeking medical care at the designated sentinel hospitals
for ILI, defined as an acute respiratory infection with a tempera-
ture greater than 38 8C and cough or sore throat; onset of
ILI clinical symptoms within 10 days; and no antiviral treat-
ment applied.12

The numbers of SARI or ILI cases were reported by sentinel
site every week. Nasopharyngeal swabs, throat swabs, or sputum
were collected from the enrolled patients. Specimens were kept in
3 mL of virus transport medium at 4 8C and tested within 24 hours.
Meanwhile, information questionnaires, including the demo-
graphic information, vaccine inoculation, etc. were completed
by participating physicians at the same time.

Virus Identification and Isolation
All specimens were typed and subtyped by real-time RT-

PCR according to the protocol of the Chinese National Influenza

Pan et al
Centre.13 Positive specimens were cultured in Madin–Darby
canine kidney cells for 4 to 5 days to isolate the influenza virus.
Hemagglutination test (HA) and Hemagglutination Inhibition

FIGURE 1. Map of Severe Acute Respiratory Infection sentinel sites in B
districts which had at least one sentinel hospitals are in grey.
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test were then performed to verify the subtype or lineages of
the strains.13

Viral RNA Extraction, One-step Real-time
Polymerase Chain Reaction and Gene
Sequencing

A total of 91 influenza B positive specimens were ran-
domly selected and then enrolled for sequencing. Influenza viral
RNA was extracted using QIAmp Viral Mini Kit (Qiagen,
Hilden, Germany) following the manufacturer’s instruction.
Reverse transcription and amplification of HA and NA genes
were carried out using the one-step reverse transcription-poly-
merase chain reaction Kit (Qiagen) with primers described
previously.14 Polymerase chain reaction products were selected
and purified using EZNA Gel Extraction Kit (Omega, Norcross,
GA), then sequenced by ABI Prism 3130xl automated sequen-
cer (Applied Biosystems, Foster City, CA).

Phylogenetic Analyses of Various Genotypes of
Influenza B Virus

Nucleotide and deduced amino acid sequences of the HA
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and NA genes were assembled using MEGA software (ver.
6.0.4).15 The nucleotide sequences of the influenza viruses
included in this study (91 sequences for HA gene and 81

eijing area. The sentinel hospitals are marked as red dots, and the
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FIGURE 2. The influenza virus activity in SARI and ILI cases in
Beijing areas from September 2014 to April 2015. The data were
collected from sentinel hospitals and summarized every week. A,
The LCI yield rate in SARI and ILI cases from September 2014 to
April 2015. B, Week number of LCI by A/H1N1 (09 dpm) subtype,
A/H3N2 subtype, B/Victoria, and B/Yamagata lineages in SARI
cases. C, Week number of LCI by A/H1N1 (09 dpm) subtype, A/
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sequences for NA gene) have been submitted to GenBank
(accession numbers: KT383491-KT383662). A total of 77
HA and 66 NA sequences derived from 2014 to 2015 ILI
isolates in Northern China and vaccine strains were downloaded
from Global Initiative on Sharing All Influenza Data website
(www.gisaid.org) and used as global background in this study.
The sequences were aligned using the MUSCLE program in
MEGA (http://www.megasoftware.net/) with manual adjust-
ment. Maximum likelihood phylogeny trees were inferred by
using BEAST (http://beast.bio.ed.ac.uk/) program and employ-
ing the HKY substitution model/strict clock model with a
gamma-distributed rate parameter.16

Statistical Analysis
Data was analyzed using SPSS 15.0 (SataCorp, College

Station, TX) and Prism 5 software (GraphPad, La Jolla, San
Diego, CA). Difference between groups were evaluated using
Pearson x2 or Fisher exact test, and odds ratio (ORs) together with
95% confidence intervals were estimated. Meanwhile, demo-
graphic and clinical characteristics between different groups were
adjusted for age using logistic regression, to calculate the adjusted
ORs (aORs) with corresponding 95% confidence interval.

RESULTS

Influenza Virus Activity in Severe Acute
Respiratory Infection and Influenza-like Illness
Cases From September 2014 to April 2015

A total of 2816 SARI cases and 467,737 ILI cases were
reported by sentinel hospitals from September 2014 to April
2015. Among all the reported cases, 2195 (76.72%) SARI cases
and 14,006 (2.99%) ILI cases were randomly surveyed,
sampled, and tested. The overall yield rate of LCI (influenza
A/B) was 14.21% and 27.77% in sampled SARI and ILI cases,
respectively. Subtyping test showed that 125 of 2195 (5.69%)
tested SARI cases and 1386 of 14,006 (9.90%) tested ILI cases
were influenza B positive. The yield rate of LCI in SARI cases
were fitted well with that in ILI cases during 2014 to 2015
influenza season (r¼ 0.899, P< 0.001, by Spearman corre-
lation; Figure 2A). Particularly, the yield rate of influenza B
in SARI cases varied from 0% to 52.32% in 2014 to 2015
influenza season. Most Influenza B infection occurred in the
latter period of influenza season (February 2015 to April 2015),
which showed no difference in SARI and ILI cases (Figure 2B
and 2C). Only 6 influenza B Victoria lineage infections were
identified in this study, including 5 ILI individuals and 1 SARI
case, which suggested the predominated influenza B Yamagata
lineage infection in Beijing area.

Demographic Characteristics and Vaccine
Inoculation of Influenza B Positive Severe Acute
Respiratory Infection Cases

The demographic data and influenza vaccination infor-
mation of 2195 surveyed SARI cases were collected and
analyzed in Table 1. It showed that the yield rate of LCI in
SARI patients between 0 and 4 years old was significantly lower
than other age groups (aOR 0.354, P< 0.001). We also, how-
ever, found that influenza B infection more frequently occurred
in younger LCI cases rather than older patients (aOR 9.370,
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P< 0.001 and aOR 20.982, P< 0.001, for 0–4 age group and
5–14 age group, respectively). No statistically significant
difference between SARI and LCI cases or between LCI and
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influenza B positive cases was observed in sex distribution.
Influenza vaccination showed no significant relationship with
influenza infection in SARI patients.

Phylogentic Analysis of Influenza B Yamagata
Lineage From Severe Acute Respiratory Infection
Cases

To determine the genetic characteristics of influenza B
Yamagata lineage isolated from SARI and ILI cases, we first

H3N2 subtype, B/Victoria, and B/Yamagata lineages in ILI cases.
SARI¼ severe acute respiratory infection, ILI¼ Influenza-like ill-
ness, LCI¼ laboratory-confirmed influenza.
compared the nucleotide homology and deduced amino acid
sequence of 91 isolates from SARI cases with 77 ILI cases and
current vaccine strains. It showed that the HA genes in SARI
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TABLE 1. Demographic and Clinical Characteristics for Severe Acute Respiratory Infection Patients

LCI Cases in SARI Cases Influenza B Positive B Cases in LCI Cases

No. of Tested

SARI Cases

(%, N¼ 2195)

No. of

LCI Cases

(%, N¼ 312) aOR 95% CI P

No. of

LCI Cases

(%, N¼ 312)

No. Influenza

B Positive Cases

(%, N¼ 125) aOR 95% CI P

Age

0–4 609 (27.74) 46 (17.74) 0.354 0.202–0.623 <0.001 46 (17.74) 34 (27.20) 9.370 2.582–34.002 <0.001

5–14 334 (15.22) 38 (12.18) 0.838 0.481–1.458 0.531 38 (12.18) 31 (24.80) 20.982 5.535–79.541 <0.001

15–34 138 (6.29) 22 (7.05) Ref. - 22 (7.05) 4 (3.20) Ref. -

35–64 429 (19.54) 87 (27.88) 1.286 0.768–2.154 0.339 87 (27.88) 29 (23.20) 1.959 0.596–6.441 0.268

¼>65 685 (31.21) 119 (38.14) 1.136 0.690–1.873 0.616 119 (38.14) 27 (21.60) 1.194 0.368–3.876 0.768

Sex

Male 1295 (59.00) 187 (59.94) 0.936 0.730–1.199 0.599 187 (59.94) 74 (39.57) 1.027 0.601–1.755 0.922

Female 900 (41.00) 125 (40.06) 125 (40.06) 50 (40.00)

Vaccination

Yes 376 (17.13) 62 (19.87) 0.943 0.690–1.288 0.711 62 (19.87) 16 (12.80) 1.469 0.735–2.937 0.276

No 1819 (82.87) 250 (80.13) 250 (80.13) 109 (87.20)

y-co
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isolates had lower amino acid similarity that ranged from
95.93% to 98.12%, compared with that of the vaccine strain
(B/Massachusetts/2/2012) recommended for 2014 to 2015
northern hemisphere influenza season. Although the similarity
between HA genes in vaccine strain and HA genes in ILI
isolates was higher, with a range from 97.95% to 98.12%.
We further analyzed the complete sequences of HA and NA
genes of tested isolates, circulating strains and 2012 to 2015
vaccine strains and then evaluated the phylogenetic relationship
among them. All the isolates belonged to Clade 3, which was the
major circulating Yamagata lineage genotype but different with
B/Massachusetts/2/2012 vaccine strain belonged to Clade 2.
We, however, noticed that the isolates can be further be dis-
tinguished into 2 genotypes namely B/Beijinghuairou/14068/
2014-like strains and B/Beijingxicheng/15060/2015-like
strains. All of the 14B/Beijinghuairou/14068/2014-like strains
isolated from SARI cases and showed significant genetic dis-
tances compared with both B/Massachusetts/2/2012 vaccine
strain and B/Phuket/3073/2013 vaccine strain (Figure 3).

The genetic analysis for NA genes shows similar results to
HA. The NA genes in these strains isolated from SARI and ILI
cases shared nucleotide similarity that ranged from 87.88% to
99.19% and 98.79% to 99.29%, respectively, compared with
B/Massachusetts/2/2012 vaccine strain. Furthermore, the NA
genes of 18 Yamagata lineage B/Beijinghuairou/14068/2014-
like strains, which were isolated from SARI cases, clustered with
the Victoria lineage (B/Fujian-luzhou/1272/2008-like, Clade 4),
indicating the intra-lineage reassortment (HA-Y3/NA-V4).
Except for these 18 isolates, other tested strains showed little
phylogenetic distinction: they were closely related to each other
and to B/Phuket/3073/2013 vaccine strain (Figure 4).

Phylogentic Analysis of Influenza B Victoria
Lineage From Severe Acute Respiratory Infection
Case

In this study, only 1 influenza B Victoria lineage-positive

aOR¼ adjusted odds ratio, CI¼ confidence interval, LCI¼ laborator
SARI cases and 5 influenza B Victoria lineage-positive ILI case
were found. The SARI case was presented by a 3–year-old boy
with no influenza vaccination in the last 2 years. All 6 isolates
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were closely related to B/Brisbane/60/2008-like virus (Clade
1A), with nucleotide similarity that ranging from 98.55% to
99.70%, and 98.14% to 99.65%, for HA gene and NA
gene, respectively.

Clinical Feature of Intralineage Reassorted
Influenza B Virus Infected Severe Acute
Respiratory Infection Cases

Overall 18 of 91 (19.78%) influenza B positive SARI
patients were identified with reassortants infections. All of
them were patients older than 55 years of age. Although
infections caused by none-reassorted influenza B virus were
more common in young SARI cases. Moreover, the vaccination
rate was higher in intralineage reassorted Influenza B virus
infected cases than others (27.78% versus 10.38%). No signifi-
cant difference was found between these 2 groups either by sex
or underlying disease (Table 2).

DISCUSSION
The study described here analyzed the epidemiology,

virology, and clinical data of influenza B infection from the
SARI surveillance system in Beijing area from September 2014
to April 2015. Our data showed that the influenza activity
among SARI patients was well correlated with that of ILI cases,
which peaked in the winter-spring period. Of note, the epidemic
peak presented in SARI cases was approximately 1 or 2 weeks
later than that in ILIs. For example, the first peak in ILIs in 2014
to 2015 influenza season showed in week 51, 2014, which was
mainly caused by influenza A/H3N2 infection. Two weeks
later, a peak in SARIs was observed. This pattern was repeated
in the second epidemic peak in March 2015, which was caused
by influenza B infection. The delay can be explained as the
progression of disease from mild ILI to severe respiratory
infection. Though the delay existed, the activity data from
SARI surveillance is still of value in predicting the rise and
drop of influenza infection as did from ILIs.17 Moreover, the

nfirmed influenza, SARI¼ severe acute respiratory infection.
predominant type/subtype/lineage identified by the SARI sur-
veillance system was well fitted among that identified by the ILI
system. Different from the cocirculating of Victoria and
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FIGURE 3. Phylogentic analysis of HA gene of influenza B-Yamagata lineage virus from severe acute respiratory infection and influenza-like
pr
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Yamagata lineages in tropical or subtropical areas of Asia,18

Yamagata lineages was dominant, in Beijing area.
Similar to prior reports, our study found that approximately

55.88% SARI patients with LCI were children of age less than 5
or elderly with age greater than 65, which indicated the heaviest
burden of severe influenza disease within these 2 age groups.9,19

illness cases. The phylogenetic trees were constructed using BEAST
model/strict clock model with a gamma-distributed rate parameter.
shown in red, and the vaccine strains were shown in blue. HA-Y3
Further genotyping showed that influenza B virus predomi-
nantly infects children and young teenagers under the age of 15
(52.00%), in contrast to influenza A, especially A/H3N2 in this

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
study. These findings are also consisted with previous
study.20,21 When it comes to influenza B Yamagata infection
specifically, previous studies have shown that patients.21–23

We, however, noticed that approximately 51.61% influenza B
Yamagata infected SARI cases were under 15 years of age,
which showed significant difference. It is worth noticing that

ogram and employing the general-time reversal HKY substitution
e viruses isolated from severe acute respiratory infection cases were
-V4 reassortants were marked in yellow.
the studies mentioned above only investigated adults,23 or
performed in tropical or subtropical areas, where B Yamagata
lineage and Victoria lineage were cocirculating.21,22 Our result
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FIGURE 4. Phylogentic analysis of NA gene of influenza B-Yamagata lineage virus from severe acute respiratory infection and influenza-
like illness cases. The phylogenetic trees were constructed using BEAST program and employing the general-time reversal HKY substitution

Th
/NA
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pointed that the age structure of the patients infected by
Yamagata lineage in Yamagata lineage-dominant areas, such
as East Asia and Northeast Asia, may be different, and the
disease burden of influenza B infection in children and teen-
agers cannot be overlooked.

An important finding of this study is that we identified the
intralineage reassorting in Beijing area for the first time, and

model/strict clock model with a gamma-distributed rate parameter.
shown in red, and the vaccine strains were shown in blue. HA-Y3
have shown that quite a proportion of SARI cases were caused
by the reassorted strain. Phylogenetic analysis suggested that
influenza B Yamagata lineage in Beijing areas might be

6 | www.md-journal.com
introduced from multiple origins: from local circulating, south-
east of China, or overseas. Meanwhile, the B Yamagata lineage
strains isolated from SARI cases showed more variability
compared with isolates derived from mild ILI cases. In this
study, 18 intralineage reassorted B/Beijinghuairou/14068/2014-
like strains were identified from samples of SARI cases. For
these strains, the HA gene was probably generated from B/

e viruses isolated from severe acute respiratory infection cases were
-V4 reassortants were marked in yellow.
Nanjing/1338/2011-like strains, reassorting with the NA gene
derived from B/Sydney/3/2009-like strains. Molecular clock
analysis made it clear that this HA-Y3/NA-V4 reassorting

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 2. Clinical Feature of Intralineage Reasserted Influenza B Virus Infected Severe Acute Respiratory Infection Cases

Influenza B Yamagata
Lineage Positive

SARI Cases (N¼ 106)

Influenza B Yamagata (HA)/Victoria (NA)
Intralineage Reasserted Positive

SARI Cases (N¼ 18) P

Age (median (quartiles)) 10 (5–62) 69 (55–76) <0.001
Sex (Male, (%)) 64 (60.38) 10 (55.56) 0.797
Vaccine inoculation (%) 11 (10.38) 5 (27.78) 0.057
Chronic underlying disease (%)

Chronic respiratory disease 15 (14.15) 4 (22.22) 0.476
Chronic cardiovascular disease 12 (11.32) 4 (22.22) 0.249
Chronic metabolic disease 5 (4.72) 1 (5.56) 1.000
Chronic kidney disease 5 (4.72) 0 –
Neuromuscular disease 0 0 –
Immunodeficiency 1 (0.94) 0 –
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should not be completed earlier than 2011. Such Yamagata
(HA)/Victoria (NA) intralineage reassorting was observed in
Beijing area for the first time, and also rare in previous
reports.21,23

It is notable that reassorted strains contributed nearly one-
fifth of SARI cases in this study. All of the cases showed a
unique cluster in elderly people, and no significant difference in
underlying diseases from controls. In contrast, no such reassort-
ing infection was reported in ILI cases in Northern China yet.
Thus, the reassorted strains infection may be a risk factor of
SARI. Owing to the limited number of sentinel hospitals and
sequenced strains, following studies on distribution and evalu-
ation, however, is needed.

The influenza vaccine has been widely recognized for its
effectiveness to prevent pandemics and seasonal epidemics.24

Although 2 factors should be assessed before evaluating the
vaccine effectiveness (VE) in large population: the rate of
influenza vaccine inoculation and the antigenic difference
between vaccine strains and circulating strains.19,25 The rate
of influenza vaccine inoculation in Beijing area should be the
highest in China, because the city provides free vaccination for
citizens over 60 years of age and subsidizing half of the cost of
the vaccination for primary and high school students, since
2007.26 In this study, the vaccination with seasonal influenza
vaccine in the prior year was approximately 17.13% in all SARI
cases and approximately 19.87% in SARI cases with LCI. This
rate was comparable with previous study, which showed the
coverage rates of influenza vaccination among Beijing residents
aged above 18 year old was approximately 18.60% in 2010,26

but was considerably higher than that in the national wide
(1.1%).9 We proposed that the inoculation rate of SARI patients
with influenza B infection should be lower than those without
infection, if the VE run well. Indeed, the inoculation rate was
slightly lower in influenza B positive SARI cases, though no
significant difference was observed (12.80% versus 16.67%,
P¼ 0.097, by x2 test).

The antigenic and genetic difference between vaccine
strains and current local strains is another main concern for
evaluating VE. Influenza trivalent vaccine recommended by
WHO that were used in Northern Hemisphere from 2014 to

Tumor 3 (2.83)

‘‘–’’, not determined, SARI¼ severe acute respiratory infection.
2015 influenza season contained a component of the Yamagata
lineage B/Massachusetts/2/2012-like virus.27 Unfortunately, we
found some mismatch between circulating Yamagata lineage

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
strains and vaccine strains. All of the isolates in this study were
identified as Clade 3 strains, whereas B/Massachusetts/2/2012-
like vaccine strain belongs to Clade 2, which means a limited
protective effect against circulating strains in the vaccinated
population.28 Another concern is that trivalent vaccine did not
provide protection against influenza B Victoria lineage. In fact,
the limit coverage of vaccine strains had been discussed in areas
where Victoria and Yamagata lineages cocirculated,29 it did not
become an issue for Beijing areas in the past years. The protective
effect of the trivalent vaccines, however, needs to be reassessed,
because of its large genetic distance with Yamagata (HA)/Vic-
toria (NA) intralineage reassorted strains identified in this study.
We showed that the SARI patients with intralineage reassorted
Influenza B have a higher vaccination rate compared with other
influenza B virus infected SARI cases (27.78% versus 10.38%),
indicating the VE against reassorted B infection is limited. To
resolve this dilemma, WHO updated the influenza vaccines on
February 2015: B/Massachusetts/2/2012-like strain (Clade 2)
was replaced by B/Phuket/3073/2013-like strain (Clade 3), and
B/Brisbane/60/2008-like Victoria lineage strain was included.19

This update coincided with our data, because most isolates
showed high similarity and homology with B/Phuket/3073/
2013-like strain and Victoria lineage vaccine should share certain
antigenicity with intralineage reassorted strains.
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