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Background: Two antigenically and genetically distinct lineages of influenza B viruses (B/Victoria and B/
Yamagata) have been co-circulating worldwide since 2002. Virological surveillance is essential to differ-
entiate between both lineages with a view to the annual updating of the B component for the trivalent or
quadrivalent influenza vaccine composition.
Methods: The samples analyzed in the present study were collected by influenza sentinel units located in
the Southeast, Midwest, North, and Northeast regions of Brazil, part of the National Influenza Virus
Surveillance Network, coordinated by the Ministry of Health of Brazil. A total of 870 influenza B positive
samples by reverse transcription real – time polymerase chain reaction (RT-qPCR), collected during 2014,
2015, and 2016 influenza seasons, were submitted to the influenza B lineage genotyping panel for char-
acterization as B/Yamagata or Victoria lineages using RT-qPCR.
Results: Of the 197 samples analyzed in 2014, a total of 160 (81 %) corresponded to the B/Yamagata lin-
eage, 19 (10 %) to the B/Victoria lineage, and 18 (9 %) to indeterminate lineages. Of the 190 samples ana-
lyzed in 2015, a total of 124 (65 %) corresponded to the B/Yamagata lineage; 55 (29 %) to the B/Victoria
lineage, whereas 11 (6 %) were of indeterminate lineages. Of the 483 samples analyzed in 2016, a total of
297 (62 %) corresponded to the B /Victoria lineage; 174 (36 %) to the B/Yamagata lineage and 12 (2 %) to
indeterminate lineages. This cross-sectional study revealed influenza B virus (IBV) infection in all age
groups, and among them, the highest prevalence was observed in individuals between 11 and 49 years
of age Our findings demonstrate the match between influenza B virus lineages recommended by the
World Health Organization (WHO) for the trivalent vaccine composition to be used in the Southern
Hemisphere (SH) and the predominant circulating viruses during the 2014, 2015, and 2016 seasons.
� 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Background

Influenza viruses are recognized as a significant threat to global
public health due to annual seasonal epidemics and pandemic
events. The burden of respiratory diseases caused by influenza
viruses is revealed by an estimated 1 billion cases, 3–5 million sev-
ere cases, and 290,000–650,000 deaths around the world yearly
[1,2].

Influenza viruses belong to the Orthomyxoviridae family, com-
posed of 7 genera and nine species. Influenza is grouped into four
genera with one species per genus: Alphainfluenzavirus, Betain-
fluenzavirus, Deltainfluenzavirus, and Gammainfluenzavirus, rep-
resented by the following species types: Influenza A virus,
Influenza B virus, Influenza C virus, and the recently discovered
influenza D virus, respectively [3–5]. Influenza A virus is classified
into subtypes based on two proteins on the virus’s surface: hemag-
glutinin (H) and neuraminidase (N). To date, 18 different hemag-
glutinin subtypes (H1–H18), and 11 different neuraminidase
subtypes (N1–N11) have already been identified [6]. The biological
properties and the diversity of the host range, presented by the
influenza A virus, are a constant concern for the global public
health context due to the favorable scenarios for the emergence
of a pandemic strain [6,7]. Influenza B viruses are restricted to
human beings, although rare spillover has already been identified
in seals [8,9]. In addition, influenza B viruses are not divided into
subtypes, such as influenza A viruses; instead, they are two anti-
genically and genetically distinct lineages, known as B/
Victoria/2/87-like and B/Yamagata/16/88-like, which have been
co-circulating in human populations since 1983 [10].

Curiously, from 1991 to 2000, the influenza B/Victoria lineage
circulating virus was limited to Southeastern Asia. Outside Asia,
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its first occurrence was observed in Hawaii during May-June 2001
[11]. In Brazil, the reemerging B/Victoria lineage variant (B/Hong
Kong/330/2002-like) was first identified in the city of São Paulo
and during an outbreak of acute respiratory illness in Araraquara,
state of São Paulo, during the 2002 influenza season [12,13].

The epidemiology of influenza B viruses has changed since the
reemerging of the B/Victoria lineage in 2001, allowing the co-
circulation of the two distinct lineages. This scenario triggered
the development of epidemiologic studies to obtain the actual inci-
dence of IBV infections during the seasonality of influenza viruses
worldwide. In this regard, a global influenza B study (GIBS) project
was created in 2012 to collect data on the epidemiology and global
burden of respiratory diseases caused by IBV to support prevention
policies [24].

Considering the absence of cross-protection between both lin-
eages, there is a global concern about the influenza prevention
and control strategies provided by trivalent vaccines. In 2013, the
WHO presented its first recommendation regarding the annual
influenza vaccine composition, including both lineages [14,15].

Fifteen years after the reemerging of the B/Victoria lineage, a
new challenge for influenza vaccine composition arises due to
the evolutionary pattern of the B/Victoria lineage, presenting a
double deletion and designated as subclade V1A.1 (previously
V1A – 2 DEL). The emerging V1A.1 subclade is represented by
the B/Colorado/06/2017, identified in the USA, during the
2016/2017 influenza season, which is antigenically distinguishable
from the B/Brisbane/60/2008 reference virus [16].

Following the evolutionary process, viruses presenting triple
deletion in the HA gene were identified in Asia, Africa, Europe,
and America [17]. This new emerging subclade was designated as
V1A.3 (previously V1A–3DEL) represented by the B/Washing-
ton/02/2019, which is antigenically distinguishable from the B/
Colorado/06/2017.

The B/Yamagata lineage viruses are classified into three clades:
1, 2, and 3. To date, the evolutionary pattern of this lineage has not
been implicated in generating a subclade [18,22]. Influenza C and D
have not represented a global public health concern until now
[19,20]. However, from an epidemiological point of view, influenza
A virus is of public concern due to its ability to rearrange genes
with different species of birds and animals, generating potential
pandemic strains; in contrast, human species is the host of IBV
making the rearrangements of genes with different species unfea-
sible. Although global surveillance shows that influenza B viruses
are responsible for approximately 20–25 % of infections during
annual influenza seasons, in some seasons, they represent more
than 50 % of infections, contributing to the overall mortality and
morbidity, mainly in children <5 years old [21–24]. Considering
the evolutionary pattern of influenza B viruses, our study aims to
provide information regarding influenza B lineages circulating in
different regions of Brazil, using RT-qPCR, instead of the hemagglu-
tination inhibition assay, for the rapid identification of both anti-
genically and phylogenetically distinct influenza B viruses to
obtain the benefits of quadrivalent vaccines.
2. Materials and methods

2.1. Study design: Cross-sectional study

Influenza virus surveillance in Brazil comprises sentinel surveil-
lance of influenza-like illness (ILI), severe acute respiratory illness
in patients hospitalized in intensive care units (SARI – ICU), and
universal SARI surveillance.

The universal SARI surveillance monitors hospitalized cases and
deaths intending to identify the behavior of the Influenza virus in
the country to guide decision-making in a scenario that requires
2

the positioning of the Ministry of Health and Municipal and State
Health Departments.

Routine influenza-like illness (ILI) surveillance consisted of
receiving systematically collected nasopharyngeal aspirates or
combined oropharyngeal plus nasopharyngeal swabs from individ-
uals presenting clinical history of ILI, ie sudden onset of fever,
accompanied by cough and/ or sore throat and at least one of the
following symptoms: headache, myalgia or arthralgia with no
other diagnosis. Respiratory specimens were collected at selected
sentinel units located in the state of São Paulo (SP, Southeast
region) and other states located in the Midwest: Mato Grosso
(MT), Mato Grosso do Sul (MS), Goiás (GO) and Distrito Federal
(DF); the Northeast: Piauí (PI); and the North: Rondônia (RO) and
Tocantins (TO). These states are part of the regions covered by
the Instituto Adolfo Lutz – a National Influenza Centre (NIC) recog-
nized by the WHO – in the National Influenza Virus Surveillance
Network (NIVSN), sponsored by the Brazilian Ministry of Health.

From 2014 to 2016 years the influenza sentinel surveillance in
the different states were organized as follows: MT surveillance
included respiratory specimens collected in the context of Univer-
sal SARI; MS and DF conducted influenza virus surveillance collect-
ing samples from two ILI sentinel units and universal SARI; GO
included five ILI sentinel units and universal SARI; RO collected
sample from two ILI s and two SARI -ICU sentinel units; PI included
three ILI and two SARI-ICU sentinel units; TO collected samples
from two ILI and one SARI – ICU sentinel units. Therefore, 21 ILI
sentinel units are distributed among the São Paulo metropolitan
region; among those, 8 ILI and 9 SARI –ICU sentinel units are
located in the city of São Paulo.

A total of five respiratory specimens per week and their respec-
tive epidemiological data were collected until five days of the onset
of clinical symptoms after obtaining informed consent. For chil-
dren, the informed consent was provided by the parents or guar-
dians following the Brazilian Ministry of Health protocol and
with the approval of the Institute Adolfo Lutz review board.

The samples collected by the sentinel units were preliminarily
sent to the regional Central Public Health Laboratory (CPHL), in
each state, towards to investigate influenza viruses. Influenza pos-
itive samples were sent to the National Influenza Center/Institute
Adolfo Lutz (NIC/IAL) for virus isolation attempts in Madin Darby
Canine Kidney (MDCK) cell culture, antigenic and genetic analysis.
Representative A(H1)pdm09, A(H3) influenza strains, and IBV were
sent to the Centers for Diseases Control and Prevention (CDC)
according to the WHO/NICs terms of reference for further charac-
terization. Thus, we received confirmation about influenza B anti-
genic characterization using hemagglutination inhibition (HI)
from the CDC. Timely shipments of the most recently circulating
viruses provide information to the WHO for the Southern Hemi-
sphere (SH) influenza vaccine composition.

2.2. Methods

We conducted a cross-sectional study analyzing data from the
routine viral surveillance, performed using RT-qPCR assay for influ-
enza A(H1N1) pdm09, A(H3N2), and influenza virus B following
procedures developed by the CDC [25]. In addition, Influenza B
positive samples were submitted to the influenza B lineage geno-
typing panel developed by the CDC and distributed to the NICs
by the International Reagent Resources (IRR) to obtain their char-
acterization as B/Yamagata or Victoria lineages using the One-
step RT-qPCR assay.

Ribonucleic acid (RNA) was extracted from 140 lL of respira-
tory specimens using the QIAamp viral RNA mini-Kit (Qiagen, Hil-
den, Germany) following the manufacturer’s instructions. Sixty ll
of eluted RNA were aliquoted and retained at �80 �C until testing.
Five ll were used to identify influenza B lineages (Yamagata, Vic-
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toria). All respiratory specimens were tested using RT-qPCR for the
human RNase P (RP) gene, a constitutive gene that serves as an
internal positive control for human nucleic acid to assess specimen
quality and extraction [25].

Real - time RT-PCR was performed using an Invitrogen Super-
scriptTM III PlatinumTM.

One-Step Quantitative kit according to the manufacturer’s
instructions, on a Roche LightCycler� 480 II instrument4 (Roche,
Basel, Switzerland). The sets of primers and probes available in
the influenza B lineage genotyping panel were prepared and stored
according to the CDC’s instructions for use. Briefly, the master mix
containing appropriate primers and probe were dispensed into a
reaction tube in a volume of 20 lL, and 5 lL of the extracted
RNA were added to each well. All runs included positive and neg-
ative virus template controls to monitor assay performance. Respi-
ratory specimens are considered of acceptable quality when RP
curves cross the threshold line at or before 35 cycles [25].

Amplification was carried out on a Roche LC480 II instrument
with the following conditions: reverse transcription 50 �C for
30 min, taq inhibitor activation 95 �C for 10 min, PCR amplification
(45 cycles) 95 �C for 15 sec and extension 55 �C for 30 sec.

A test was considered positive when a well-defined fluores-
cence curve crossed the threshold within 40 cycles [25].

2.3. Statistical analysis

We have estimated the prevalence of H1, H3, and B strains. All
analyses were performed with the software Microsoft Excel.

3. Results

Influenza viruses identified during 2014, 2015, and 2016 influ-
enza seasons demonstrate the higher prevalence of H3 strains dur-
ing two consecutive years (2014 and 2015), as well as the high
Table 1
Influenza virological surveillance 2014–2016 seasons.

Year Samples processed n H1 n (%)

2014 10,631 284 (2.7)
2015 7215 56 (0.8)
2016 24,135 5306 (22.0)

Fig. 1. Distribution of 870 influenza B viruses by
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prevalence of H1 strains during the 2016 influenza season. On
the other hand, a lower prevalence of influenza B virus was
observed during 2016 influenza season; furthermore, 2016 was
the season with the lowest frequency of influenza B virus among
the positive tests (576/5937 = 9.7 %) (Table 1).

Among the 342, 197, and 576 influenza B viruses identified dur-
ing 2014, 2015, and 2016, 197, 190, and 483 were submitted to lin-
eage characterization, respectively.

Of the 197 samples analyzed in 2014, a total of 160 (81 %) cor-
responded to the B/Yamagata lineage antigenically like to the B/
Massachusetts/20/2012; 19 (10 %) corresponded to the B/Victoria
lineage antigenically like to the B/Brisbane/60/2008, and 18 (9 %)
to indeterminate lineages. Of the 190 samples analyzed in 2015,
124 (65 %) corresponded to the B/Yamagata strain antigenically
like the B/Phuket/30/2013; 55 (29 %) matched the B/Victoria lin-
eage antigenically like the B/Brisbane/60/2008 and 11 (6 %) were
of indeterminate lineage. Of the 483 samples analyzed in 2016,
297 (62 %) corresponded to the B/Victoria strain antigenically like
to the B/Brisbane/60/2008; 174 (36 %) matched the B/Yamagata
lineage antigenically like to the B/Phuket/3073/2013 and 12 (2 %)
were of indeterminate lineage as shown in Fig. 1.

The influenza B/Yamagata lineage antigenically-like to the B/
Massachusetts/02/2012 predominated during the influenza season
2014. This lineage which belongs to genetic group 2, was the influ-
enza B component of the trivalent vaccine for the 2014 influenza
season in the South Hemisphere.

As illustrated in Fig. 2 the influenza B/Yamagata lineage was
identified in the epidemiological week 6 (EW-6), and it was spo-
radically detected up to EW-20. An increase in circulation was
observed in the EW-36, 37, 38, peaking in the EW-39 and decreas-
ing in the EW-40, 41, 42, and 43.

The influenza B/Victoria lineage antigenically-like to the B/Bris-
bane /60/2008 virus was the component for the quadrivalent vac-
cine in the 2014 Southern Hemisphere influenza season.
H3 n (%) B n (%) Positive by year n (%)

758 (7.1) 342 (3.2) 1384 (13.0)
428 (5.9) 197 (2.7) 681 (9.4)
55 (0.2) 576 (2.4) 5937 (24.6)

lineages (Yamagata and Victoria) by years.



Fig. 2. Seasonality of influenza B/lineages (Yamagata, Victoria) during influenza season 2014.
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As illustrated in Fig. 3 the influenza B/Yamagata lineage was the
predominant circulating virus during the 2015 influenza season,
although the B/Yamagata lineage, belonging to genetic group 3,
antigenically related to the B/Phuket /3073/2013, predominated
and was the influenza B component of trivalent vaccines for the
2015 Southern Hemisphere influenza season.

An increase in B/Yamagata circulation was observed in the EW-
42, peaking in the EW-43, 44, 45 and decreasing in the EW- 46,
after a peak in the EW-47, following a decrease in circulation from
EW-48. Its peak of circulation was later than the one observed in
the 2014 influenza season, as shown in Fig. 2. Fig. 3.

The WHO recommended the Influenza B/Brisbane/60/2008 cir-
culating virus for the composition of the quadrivalent vaccine for
the 2015 Southern Hemisphere influenza season.
Fig. 3. Seasonality of influenza B/lineages (Yamag

4

Regarding the seasonality of the influenza B /Victoria lineage, an
increase in circulation was observed from EW-48 to EW-53, con-
comitantly with the decrease of the B/Yamagata lineage during
the 2015 influenza season (Fig. 3). The Influenza B Victoria lineage
was antigenically similar to the B/Brisbane/60/2008 predominat-
ing during the 2016 influenza season, as shown in (Fig. 4). The
WHO recommended this lineage as the component of the trivalent
vaccine for the 2016 Southern Hemisphere influenza season. Its
circulation was observed all year round, peaking in the EW-13,
EW-14, EW-41, and EW-49.

The Influenza B/Yamagata lineage antigenically like B/Phu-
ket/3073/2013 circulated during the 2016 influenza season and
was the WHO-recommended B component for the quadrivalent
vaccine for the Southern Hemisphere influenza seasons.
ata, Victoria) during influenza season 2015.



Fig. 4. Seasonality of influenza B/lineages (Yamagata, Victoria) during influenza season 2016.
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This study revealed changes in the circulation pattern of the
influenza B virus during the 2016 influenza season, that is, one
peak earlier in the EW-13 and EW-14, corresponding to the B/Vic-
toria lineage, and another in EW- 46, corresponding to the Yama-
gata lineage, as shown in Fig. 4.

The present study revealed the co-circulation of both IBV lin-
eages year-round during the 2014, 2015, and 2016 influenza sea-
sons, as illustrated in Figs. 2, 3, and 4, respectively.
4. Discussion

Our results demonstrate the match between IBV lineages pre-
conized by the WHO for the trivalent vaccine composition used
in the Southern Hemisphere and circulating viruses during the
2014, 2015, and 2016 seasons.

Our findings clearly demonstrated the co-circulation of both
lineages in children up to 5 years of age. This age group is more
susceptible to IBV infections presenting high hospitalization rates
mainly in children �2 years of age [26–28]. Due to the impact of
infection by the IBV in this age group, it would be advised to prior-
itize the quadrivalent vaccine, containing both lineages, to pro-
mote better effectiveness of the vaccination campaign in the face
of trivalent mismatch outcomes [22,23]. Data obtained from the
South region of Brazil demonstrate the occurrence of SARI because
of IBV infection, mainly in infants �1 year of age and patients �60
yo [23].

Previous studies showed IBV infection prevalence in school chil-
dren and in adolescents: (5–14 yo) [29,30,32]; (5–17 yo) [31] and
(13–18 yo) [33].

Our findings revealed IBV infection in the age groups of school
children, adolescents, and young adults. The relevant co-
circulation of both lineages among 6–59 years age groups, not
included in the vaccine campaign schedule, raises concerns about
the real impact of circulating lineages in different age groups
Fig. 5. This scenario emphasizes the crucial role of virologic surveil-
lance throughout the year.

The present study also showed the IBV prevalence in the adoles-
cent group, which is an important target for vaccination because of
5

the high susceptibility of these individuals regardless of the pre-
dominant lineage. In addition, although elderly persons
(�60 years old) are already included in vaccination campaign
schedules worldwide, the availability of a quadrivalent vaccine
for this population can improve their quality of life, considering
the risk of complications related to infections by the IBV and the
presence of comorbidities.

Our findings revealed that, apart 2016 influenza season, infec-
tions by the influenza B virus were laboratory-confirmed in
24.7 % (2014) and 28.9 % (2015) of the positive samples received
from sentinel units in the context of the National Influenza Surveil-
lance Network similar to findings from studies conducted in coun-
tries located in both hemispheres (Northern and Southern) [33–
42].

One limitation of our study was the inability to retrieve respira-
tory samples from the beginning of 2014 and to provide informa-
tion on the severity of the disease resulting from infection by the
distinct IBV lineages. On the other hand, our results highlight this
information’s importance in guiding further investigations and the
low representativeness of respiratory samples from some Brazilian
states except for São Paulo. Furthermore, at least one B/lineage was
identified in different Brazilian states, except for MS, PI and TO,
during the 2014 influenza season, and GO and MS during the
2016 influenza season (Table 2).

The differentiation of Influenza B lineages is routinely carried
out using the HI assay, which requires virus isolation in cell culture
and serological tests, both time-consuming. A rapid assay as RT-
qPCR contributes to understanding how the prevalence of both lin-
eages varies in different geographical regions of the world and pro-
vides information that could guide vaccine strain selection.
However, it does not replace the HI test in selecting viruses for
the influenza virus vaccine composition. Nowadays, there are five
genetically and antigenically distinct IBV co-circulating: B/Yama-
gata, B/Victoria V1A, B/Victoria V1A – 2 DEL, and two groups of
B/Victoria V1A – 3DE L [18,22]. May IBV lineage Victoria predom-
inates in the future? Victoria lineage variants will increase the
severity of the disease in younger age groups and in the general
population? Recently evolutionary pattern of Victoria lineage rein-
forces the mission of the Global Influenza Surveillance Response



Table 2
Distribution of influenza B lineages (Yamagata and Victoria) in selected Brazilian states according to year, 2014–2016.

UF 2014 2015 2016

Yamagata Victoria Indetermined Total Yamagata Victoria Indetermined Total Yamagata Victoria Indetermined Total

DF 1 1 1 3 1 2 0 3 0 1 0 1
GO 2 3 0 5 8 1 0 9 0 0 0 0
MS 0 0 0 0 2 0 0 2 0 0 0 0
MT 0 5 2 7 2 0 2 4 1 4 1 6
PI 0 0 0 0 1 1 0 2 0 8 0 8
RO 0 1 0 1 5 0 0 5 1 1 0 2
SP 157 9 15 181 93 51 9 153 170 283 11 464
TO 0 0 0 0 12 0 0 12 2 0 0 2
Total 160 19 18 197 124 55 11 190 174 297 12 483

Fig. 5. Distribution of influenza B virus lineages (Yamagata and Victoria) by age groups during 2014, 2015 and 2016 influenza seasons.
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Systems (GISRS) towards influenza virus strains selection aiming
prevention strategies by vaccination campaigns. This scenario
urges a rapid and specific identification of the circulating lineage
using molecular assays.
5. Conclusion

The differentiation of lineages of influenza B viruses by RT-qPCR
accelerates the identification of the most prevalent circulating lin-
eages; these results have direct implications in the lineage selec-
tion for vaccine composition. Nowadays, more attention is
required regarding IBV surveillance facing the Victoria lineage evo-
lutionary pattern from 2016 and the co-circulation of both lineages
(Victoria and Yamagata) worldwide since 2002.

The virological surveillance demonstrated the match between
influenza B virus lineages preconized by the WHO for the trivalent
vaccine composition used in the Southern Hemisphere influenza
season and the predominate circulating lineages during the 2014,
2015, and 2016 seasons.

The relevant prevalence of influenza B virus in the age range 6–
59 years, not currently included in the vaccine campaign schedule,
highlights the need to review vaccine policies.

Considering the co-circulation of both influenza B lineages
(Yamagata, Victoria) during the 2014–2016 influenza seasons, a
quadrivalent vaccine would be advisable.
6
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