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Introduction At present, two phylogenetically distinct influenza B virus lineages, B/Yamagata and B/
Victoria, co-circulate worldwide and can cause significant morbidity and mortality.

Objective The aim of this study was to determine the prevalences of two influenza B virus lineages in
the population of Vojvodina and to identify their antigenic and phylogenetic properties.

Methods A total of 369 and 334 nasopharyngeal, or nasal/throat swab samples, collected during the
2012/2013 and 2013/2014 seasons, respectively, were tested using specific singleplex influenza A, influ-
enza B, influenza B/Yamagata and influenza B/Victoria real-time reverse transcription polymerase chain
reaction (RT-PCR) assays. Antigenic and genetic testing were done by hemagglutination inhibition assay
and hemagglutinin and neuraminidase gene sequence analysis, respectively.

Results During the 2012/2013 season, influenza B viruses were present in 53.4% (101/189) of influenza
positive samples. The B/Yamagata-like viruses (81.2%) significantly predominated over the B/Victoria-like
viruses (18.8%). Comparing to B/Victoria-like positive patients,among B/Yamagata-like positive patients,
children 5-14 years of age were significantly more represented (5.3% vs. 35.4%, respectively), as well as
patients with mild form of illness (15.8% vs. 45.1%, respectively). The results of sequence analysis and
antigenic testing showed that tested viruses were not closely related to B/Wisconsin/1/2010, the vaccine
virus for 2012/2013. During the 2013/2014 season influenza B viruses were not detected.

Conclusion The results of this study confirmed the health significance of influenza B viruses and indicated
that B/Yamagata-like viruses were significantly more prevalent than B/Victoria lineage viruses, during the
2012/2013 season. They also showed a sub-optimal match between the tested viruses and the vaccine

virus for season 2012/2013.
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INTRODUCTION

Influenza B virus is the only species in the ge-
nus Influenzavirus B belonging to the family
Orthomyxoviridae. Together with members
of genus Influenzavirus A, influenza B viruses
cause influenza (flu), a highly contagious acute
respiratory illness (ARI). Usually, it is mild,
self-limited disease, but elderly persons, infants
and patients with chronic medical conditions
may develop a life-threatening severe acute re-
spiratory illness (SARI) which demands hospi-
talization and/or treatment in an intensive care
unit [1]. In some cases SARI progresses in the
most severe form of acute lung injury named
acute respiratory distress syndrome (ARDS)
[1]. Although influenza A viruses are consid-
ered to represent the greatest public health
concern, influenza B virus infections are also
a significant cause of morbidity and mortality
worldwide, with particularly severe outcomes
in children and young adults [2, 3]. Influenza-

related hospitalizations and complications such
as myositis are more common in children in-
fected with influenza B than in children with
influenza A viruses [4].

In temperate climates, influenza is a sea-
sonal epidemic disease occurring during the
winter months. Epidemics are the consequence
of “antigenic drift”, small, ongoing changes in
the amino-acid sequences of the antigenic por-
tions of viral surface glycoproteins, hemagglu-
tinin (HA) and neuraminidase (NA). Those
antigenic changes result from the accumula-
tion of point mutations during viral replica-
tion, because of the lack of proofreading abil-
ity of viral RNA-dependent RNA polymerase
[5]. Antigenic drift leads to antigenically new
virus strain which can evade immunity to the
previous strain. Influenza B viruses undergo
antigenic drift less rapidly than influenza A vi-
ruses. Their HA has overall three to five times
slower amino acid mutation rate, although the
exact mechanism for such a slower mutation
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rate remains unknown [6]. However, that characteristic
is probably the major reason why they are associated with
less frequent and less severe epidemics than influenza A
viruses [7]. Also, influenza B viruses do not cause pan-
demics. Lack of pandemic potential of influenza B viruses
is a consequence of the limited host range of the virus. Un-
like influenza A viruses, influenza B viruses have evolved
almost exclusively as human pathogens, which limits the
generation of new strains by reassortment [8]. After the
pandemic of influenza A(HIN1)pdmO09 in 2009 and two
subsequent seasons during which influenza A viruses
predominated, the season 2012/2013 was the first season
during which the substantial activity of influenza B viruses
was recorded in most European countries (http://www.
who.int/influenza/vaccines/virus/recommendations/en/).

Originally, influenza B viruses were a homogenous
group which started to diverge into two genetically and
antigenically distinguishable lineages in the late 1970s [4].
These two lineages with drift variants have circulated or
co-circulated during different time periods in different
geographic regions [9]. In the 1990s, B/Yamagata-like vi-
ruses became the dominant influenza B viruses, while B/
Victoria lineage was mainly restricted to East Asia. How-
ever, during the 2000/2001 and 2001/2002 seasons, the B/
Victoria lineage viruses re-emerged in North America and
Europe and spread globally. At present, two phylogeneti-
cally and antigenically distinct lineages if influenza B vi-
ruses, the Yamagata lineage represented by the B/Yamaga-
ta/16/88 strain and the Victoria lineage represented by the
B/Victoria/2/87, co-circulate worldwide [9].

The distinct antigenic properties of two influenza B
lineages allow their differentiation by hemagglutination
inhibition (HI) testing using specific immune sera raised
against homologous strains of either lineage [4]. Differ-
entiation of two lineages can also be done by real-time
reverse transcription polymerase chain reaction (RT-PCR)
which is a fast, specific, and sensitive diagnostic method
that allows large-scale diagnostics.

Annual influenza vaccination is the most effective
method for preventing influenza and associated complica-
tions. In general, seasonal influenza vaccines are trivalent,
containing a mixture of strains of the circulating epidemic
influenza A(HIN1)pdm09, A(H3N2) and B virus. A flu
vaccine can protect against influenza viruses that are the
same or related to the viruses in the vaccine. Influenza
viruses evolve rapidly, so antigenic mutants are likely to
emerge. World Health Organization (WHO) performs
global monitoring of influenza viruses evolution and
spread, using virological and epidemiological data collect-
ed by National Influenza Centers (NICs) through Global
Influenza Surveillance and Response System (GISRS).
WHO reviews the world epidemiological situation twice
annually (in February for Northern Hemisphere and in
September for Southern Hemisphere), and recommends
the content of the influenza vaccine for the forthcoming
influenza season. However, selecting the right influenza B
virus strain has been proven very difficult. For instance, in
the period 2001-2010, in the USA, influenza B virus strain
in the vaccine missed the dominant influenza B virus

lineage in circulation in five seasons [10]. Antibodies
produced against two distinct lineages had limited cross-
protection, so the result of mismatch was suboptimal im-
mune response to vaccination, which resulted in a high
frequency of illness and severe outcomes in all age groups
[6]. To address this problem, WHO suggested in 2012 the
addition of influenza B virus strains of both lineages in the
next season’s influenza vaccine, thus turning the conven-
tional trivalent vaccine into a quadrivalent vaccine [10].
The immunogenicity and the lack of meaningful immune
interference between virus strains in quadrivalent vaccine
were proven in adults and in children [2].

OBJECTIVE

The aim of this study was to determine the prevalences of
two influenza B virus lineages, B/Yamagata and B/Victo-
ria, among patients with acute respiratory infections from
Vojvodina region, during the 2012/2013 and 2013/2014
winter seasons. Also, we intended to identify the antigenic
and genetic properties of representative viruses and to de-
termine the phylogenetic relationships between them and
the reference viruses.

METHODS
Detection of influenza B viruses RNA

A total of 369 and 334 nasopharyngeal or nasal/throat swab
samples were collected from patients with acute respira-
tory infections, during the 2012/2013 and 2013/2014 study
periods (October-May), respectively. Samples were trans-
terred to WHO NIC situated in the Centre of Virology in
the Institute of Public Health of Vojvodina in Novi Sad.
Samples were processed in accordance with WHO
Global Influenza Surveillance Network recommended
protocols [7]. Viral RNA was extracted using QIAamp
Viral RNA Mini Kit (Qiagen, Germany). Influenza A and
B virus detection and determination of B/Yamagata-like
and B/Victoria-like viruses was done by singleplex real-
time RT-PCR assays. Reverse transcription and amplifica-
tion was performed using one-step AgPath-ID™ One-Step
RT-PCR Reagents (Applied Biosystems, USA), and oligo-
nucleotide primer and probe sets designed for detection of
influenza A and B virus hemagglutinin gene segments, and
influenza B lineage-specific sets of primers and probes,
provided by Centers for Disease Control and Prevention
(CDC, USA). Testing was done according to the CDC’s
instructions enclosed with the reagents. In brief, the mas-
ter mix containing appropriate primers and probe was
dispensed into reaction tube strips in a volume of 20 pl,
and 5 pl of RNA extracts were added to each tube. Nega-
tive and positive template controls for all primer/probe
sets were included in each run. The human RNase P gene
primer and probe set served as an internal positive con-
trol for human RNA. Real-time RT-PCR was performed
on Applied Biosystems 7500 (Applied Biosystems, USA)



Srp Arh Celok Lek. 2015 Jul-Aug;143(7-8):429-437

real-time thermocycler. Thermocycling real-time RT-PCR
conditions were as follows: reverse transcription for 30
minutes at 50°C, Taq-polymerase activation for 10 min-
utes at 95°C, and 45 cycles of denaturation at 95°C for 15
seconds and extension at 55°C for 30 seconds. Results were
analyzed using Applied Biosystems 7500 Software version
2.0.6 and the interpretation of data was done according to
WHO guidelines [7].

Antigenic and phylogenetic analysis

Four influenza B positive samples were sent to the WHO
Collaborating Centre for Reference and Research on Influ-
enza (CCRRI) in National Institute for Medical Research,
(London, UK) for antigenic testing of viruses by HI assay.
Two of them were subjected to genetic characterization
of viruses by hemagglutinin and neuraminidase gene se-
quence analysis.

Statistical analysis

Comparisons of influenza B lineages distribution by age,
clinical manifestation of illness and underlying/medical
conditions were done by Fisher’s exact test and binomial
sign test. A p-value <0.05 was considered statistically sig-
nificant.

RESULTS

During the 2012/2013 winter season, in the Vojvodina re-
gion, influenza activity increased through January and Feb-
ruary before peaking in late February. Out of 369 samples
tested by real-time RT-PCR, influenza viruses were detected
in 50% (189/369). Among positive samples there were 101
(53.4%) influenza B positive, and 88 (46.6%) influenza A
positive. The results of real-time RT-PCR testing are sum-
marized in Table 1. Of the influenza B positive samples,

Table 1. Distribution of B/Yamagata-like and B/Victoria-like viruses by age, clinical manifestation of iliness and chronic medical/underlying

condition
B/Yamagata-like virus B/Victoria-like virus
Variable positive patients positive patients p-value®
N % N %
0-4 9 11.0 2 10.5 >0.05
5-14 29 354 1 53 0.0106
15-29 3 3.6 2 10.5 >0.05
Age (years)
30-64 30 36.6 " 579 >0.05
>65 11 13.4 3 15.8 >0.05
Total 82 81.2 19 18.8 <0.0001
ARI 37 45.1 3 15.8 0.0203
o ) i SARI 39 476 12 63.2 >0.05
Clinical manifestation
ARDS 6 7.3 4 21.0 >0.05
ARDS with fatal outcome 3 37 1 53 >0.05
) ) Patients with reported risk factor 33 40.2 12 63.2
Chronic medical/ One risk factor 21 63.6 7 583 >0.05
underlying condition
More than one risk factor 12 36.4 5 41.7
Chronic cardiovascular disease 8 24.2 4 333
Chronic respiratory disease 7 21.2 1 8.3
Diabetes 8 24.2 3 25.0
Malignanc 7 21.2 4 333
Risk factors® 9 y_ - >0.05
Immunodeficiency 9 27.3 4 333
Chronic liver/renal disease 6 18.2 0 0
Morbid obesity* 3 9.1 0 0
Pregnancy 0 0 1 8.3

2 P-values were calculated using Fisher’s exact test, except for total number of B/Yamagata-like and B/Victoria-like virus positive patients, where binomial sign test

was used.
b Patients with multiple risk factors were counted for each.
< Defined as body mass index of or greater than 40.

N - number of patients; ARI - acute respiratory illness; SARI - severe acute respiratory illness; ARDS - acute respiratory distress syndrome with or without fatal

outcome

Table 2. Association of clinical manifestation of influenza B virus infections with chronic medical/underlying conditions

Clinical manifestation of illness
Chronic medical/underlying condition ARI SARI ARDS ARDS with fatal outcome | Total
N % N % N % N %
Without chronic medical/underlying condition 35 62.5 19 339 2 3.6 0 0 56
With chronic medical/underlying condition 5 11.1 32 71.1 8 17.8 4 8.9 45
p-value* <0.0001 0.0003 0.0219 0.0365

* P-values were calculated using Fisher’s exact test.
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B/Yamagata-like viruses were detected in 81.2% (82/101)
and B/Victoria-like viruses in 18.8% (19/101), which was a
highly significant difference (p<0.0001). Comparing to B/
Victoria-like positive patients, among B/Yamagata-like posi-
tive patients, children 5-14 years of age were significantly
more prevalent (5.3%, 1/19 vs. 35.4%, 29/82, respectively,
p=0.0106), as were the patients with mild form of illness -
ARI (15.8%, 3/19 vs. 45.1%, 37/82, respectively, p=0.0203).
We found no significant differences in distribution of influ-
enza B virus lineages according to the presence/absence or
type of any chronic medical/underlying condition. However,
the presence of a chronic medical/underlying condition was
a significant risk factor for developing the severe forms of
disease — SARI (71.1%, 32/45 patients with, vs. 33.9%, 19/56
patients without any chronic medical/underlying condition,
p=0.0003) and ARDS (17.8%, 8/45 patients with, vs. 3.6%,
2/56 patients without a chronic medical/underlying condi-
tion, p=0.0219), as well as for the fatal outcome of illness
(8.9%, 4/45 patients with, vs. none of the patients without a
chronic medical/underlying condition, p=0.0365) (Table 2).
The fatal outcome of influenza was detected in one patient
with chronic renal disease, in one patient with malignancy,
and in two morbidly obese patients. In the group of patients
without recorded preexisting risk conditions, the mild form
of illness (ARI) was significantly more common (62.5%,
35/56) than in patients with chronic medical/underlying
condition (11.1%, 5/45, p<0.0001).

The sequence analysis of the HA (Figure 1) gene and
the NA (Figure 2) gene was carried out on two of the in-
fluenza B/Yamagata virus isolates, B/Serbia/NS219/2013
and B/Serbia/NS249/2013. Both sequenced viruses were
in clade 2 and showed little phylogenetic distinction. They
were more closely related to 2013/2014 vaccine virus B/
Massachusetts/2/2012, and to some viruses from Russia,
Ukraine, Hong-Kong, Romania, Greece and Italy, than to
viruses from other parts of Serbia - B/Belgrade/1481/2013,
B/Leskovac/905/2013 and B/Cupria/1097/2013.

In HI, viruses from each of four positive samples
showed a very similar pattern of reactivity with the panel
of postinfection ferret sera and one hyperimmune sheep
serum (Table 3). It was clear that test viruses carrying
clade 2 HA genes could be differentiated antigenically by
certain antisera. In general, test viruses displayed better
reactivity with antisera raised against viruses belonging
to genetic clade 2, compared with antisera raised against
viruses from genetic clade 3. Antiserum against B/Wis-
consin/1/2010, the vaccine virus for 2012/2013 belonging
to genetic clade 3, only recognized the test viruses with a
titre four-fold reduced compared with its titre to the ho-
mologous antigen. Antiserum raised against other clade 3
virus, B/Novosibirsk/1/2012, failed to recognize any of the
test viruses with a titre within four-fold of its recognition
of the homologous virus. An antiserum against B/Stock-
holm/12/2011, another clade 3 virus, recognized the test
viruses somewhat better — all test viruses were recognized
by the antiserum at a titre within four-fold of the titre of
the antiserum to the homologous antigen.

Antisera raised against B/Massachusetts/2/2012, be-
longing to genetic clade 2, propagated in MDCK (Ma-

din-Darby Canine Kidney) cell cultures or in embryo-
nated chicken eggs, as well as antisera against B/Esto-
nia/55669/2011 and B/Hong Kong/3577/2012, recognized
all the viruses well reacting with a titre within two-fold
of their titres of their homologous viruses. However,
antiserum against B/Brisbane/3/2007, the vaccine virus
for 2011/2012 failed to inhibit the hemagglutination of
test viruses with a titre within four-fold of its titre to the
homologous virus. The same result was observed with
postinfection ferret sera against B/Florida/4/2006, the
vaccine virus for 2008/2009, while hyperimmune sheep
serum against the same reference virus recognized all test
viruses with a titre four-fold reduced compared with its
titre to the homologous antigen.

During the 2013/2014 winter season, a total of 334 na-
sopharyngeal or nasal/throat swab samples were tested by
real-time RT PCR. Influenza B virus were not identified
in any sample, while influenza A viruses were detected in
34.7% (166/334) of them.

DISCUSSION

During the 2012/2013 winter season, in the European
Region, influenza activity was greater than that seen in
previous season, although the relative proportions of type
A and B varied between the countries [11]. According to
data collected from NICs situated in European countries,
the overall proportion of influenza B positive samples was
30% (9029/30133), which is significantly higher compared
t0 9.7% (4407/45236) recorded in season 2011/2012 [12].
In some countries, like England, Scotland, Spain, France
and Switzerland, influenza B viruses were predominant or
both types of influenza viruses were equally represented.
In accordance with that, in our province, infections with
influenza B type were detected in more than half (53.4%,
101/189) of positive patients. The high proportion of in-
fluenza B cases recorded in 2012/2013 season might be
explained by a substantial level of preexisting population
immunity to influenza A viruses, acquired during several
previous seasons dominated by the influenza A viruses.
Namely, according to data available from FluNet (http://
www.who.int/influenza/gisrs_laboratory/flunet/en/), a
global tool for influenza virological surveillance estab-
lished by GISRS, since the pandemic season 2009/2010 un-
til the season 2012/2013, influenza B viruses were detected
only sporadically in Serbia. Data from FluNet indicated
that during the season 2012/2013, influenza B virus infec-
tions accounted for about half of influenza positive cases
from Serbia. Virological surveillance was continued during
the 2013/2014 season in Vojvodina, but no influenza B
viruses were detected in any of the samples tested, while
34.7% (166/334) of them were influenza A virus positive.
No influenza B positive cases from Serbia were reported
to FluNet. Low activity of influenza B viruses was seen in
most of European countries. According to data reported to
the European Centre for Disease Prevention and Control
(ECDC) until week 07/2014, among 4,217 influenza virus
positive sentinel specimens and 10,788 influenza positive



Srp Arh Celok Lek. 2015 Jul-Aug;143(7-8):429-437

Vaccine viruses
Reference viruses
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_l BBucuresti! 3157472013 Jan
B/Belgium/S0081/2013 Jan
B/Belgrade/1481/2013 Mar
BiLeskovac/905/2013 Feb
-| B/Cairo164/2012 Jan

= BlLuxembourg177/2013 Jan

= B/Ostrava/59/2013 Feb

= BJkraine/227/2013 Feb
BYLuxembourg/724/2013 Mar
BNetherlands/039/2013 Jan

B/Belgum/S0052/2013 Jan
-r‘— B/Plzen/53/2013 Mar
BParma01/2013 Jan

_|_"l.|'a|er'ma TS2013 Jan

BISt. Petersburg2302013 Feb
= Bllreland/024590/2013 Jan
= BMHungary/22/2013 Mar
BAUkraine/5940/2013 Mar

BUkraine/583:42013 Mar
B/Ukraine/5621/2012 Dec

BMovosibirsk/13/2013 Mar
BiNovosibirsk/3/2013 Feb
B/Slovenias1/2013 Feb
B/Plzen/52/2013 Feb
B/iSlovenia 28172013 Mar
BUkraine/5816/2013 Mar
BYSL. Pelersburg/B0/2013 Mar
B/Englandf286/2013 Jan
BiOstraval1/2013 Feb
= BMalaM\T20825/2013 Jan
_r' B/Bulgana/&08/2012 Mar
B/Bucharestif133317/2013 Feb
— BMCuprijaM037/2013 Feb
BiThilisy 75572013 Mar
BiThilisii25372013 Feb
ElMianuMmmfzml;‘hzcm
LE\'T nieste/01/2013 Jan

Bilasi138919/2013 Mar
BiAthens/GR1172013 Jan

P102A

KBER, 5229G, E1320

N2025

51501, N165Y,
D196M, G229D

l BrSerbiaNS2192013 Jan
B/Ukraine/ 7 ar
B/Hong KongM272013 Jan
B/Karaganda/2914/2013 Jan
B Omsms 2013 I'u'Iar _

T3TA, Q122K, T181K,
K298E E312K

V200l B kraine/5734/2013 Mar
G685 I B/Ukraine/5732/2013 Feb
B/Ukraine/590472013 Mar

B/C a!alan;a-'?ﬂﬁﬁ&i-i 2013 Jan

N
AN

L B/Romali22012 Dec

T2A, BiEstonial74503/2013 Jan
N116K, BIEstonia/74419/2013 Jan
K298E, BiSlovenial31 202013 Jan
Bilreland/00217/2013 Jan

E32K

V29,

LiT.

M251V

Bﬂ.ahua.ﬂ&ﬂ#ﬂﬁﬂ Dec
— B/Movosibirsi/1/201

= BWisconsin/1/2010
B/Ghomf26191/2012 Dec
BiTnesta/02/2012 Dec
B/Pirot/540:2013 Jan
Browitzerand/T659215/2012 Dec
212011

Figure 1. Phylogenetic comparison of influenza B (Yamagata-lineage) HA genes (courtesy of John McCauley, WHO Collaborating Centre for

Reference and Research on Influenza, National Institute for Medical Research, London, UK)
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Figure 2. Phylogenetic comparison of influenza B (Yamagata-lineage) NA genes (courtesy of John McCauley, WHO Collaborating Centre for
Reference and Research on Influenza, National Institute for Medical Research, London, UK)
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Table 3. Antigenic analyses of influenza B viruses by hemagglutination inhibition assay (courtesy of John McCauley, WHO Collaborating Centre

for Reference and Research on Influenza, National Institute for Medical Research, London, UK)

Hemagglutination inhibition titre
Postinfection ferret sera
B/FI | B/FI* | B/Bris | B/Wis | B/Stock | B/Estonia | B/Novo | B/HK | B/Mass | B/Mass
. 4/06 | 4/06 | 3/07 | 1/10 | 12/11 |55669/11 1/12 |3577/12| 2/12 2/12
Vi Collection |Passage
uses date | history |SH479|F1/10|F21/12|F24/12| F12/12 | F26/11 | F31/12 | F3312 | E99. | T/C
F02/13* | F03/13
— o m — o m o o o
o Q. o o o (o o o o
> > > > > > > =} =}
e @ Q @ @ @ @ Q Q@
[G) G} @ G] G] G] O G] G]
B/Florida/4/2006 2006-12-15| Egg® | 5120 | 640 | 640 320 320 160 40 320 1280 80
B/Brisbane/3/2007 2007-09-03| Egg® | 5120 | 640 | 640 320 640 320 40 320 1280 160
§ B/Wisconsin/1/2010 2007-08-07| Egg® | 1280 | 320 | 320 | 320 320 10 80 80 320 40
=}
‘§ B/Stockholm/12/2011 2007-08-07| Egg® | 1280 | 160 | 160 160 160 <40 40 40 320 20
g B/Estonia/55669/2011 2011-03-14| MDCK* | 640 | 80 80 40 40 640 80 640 160 160
g B/Novosibirsk/1/2012 2012-02-14| MDCK< | 2560 | 160 | 160 160 320 320 320 320 320 320
;“E B/Hong Kong/3577/2012 |2012-06-13 | MDCK® | 2560 | 160 | 160 80 160 1280 160 640 320 640
B/Massachusetts/02/2012(2012-03-13| Egg® | 640 | 160 | 80 40 40 160 20 320 160 160
B/Massachusetts/02/2012|2012-03-13 | MDCK? | 2560 | 320 | 640 160 320 160 40 320 640 160
4 B/Serbia/NS-196/2013 2013-01-08 | MDCK* | 1280 | 80 80 80 40 320 40 320 160 160
é B/Serbia/NS-217/2013 2013-01-21| MDCK< | 1280 | 80 80 80 80 320 40 640 160 160
; B/Serbia/NS-219/2013 2013-01-23 | MDCK¢ | 1280 | 80 80 80 40 320 40 320 160 80
e B/Serbia/NS-249/2013 2013-01-31| MDCK< | 1280 | 80 80 80 40 640 40 320 160 160

2 Hyperimmune sheep serum
> Embryonated chicken egg
¢ Madin-Darby canine kidney cell culture

specimens collected for diagnostic purposes in hospitals,
influenza B viruses were found in only 2% and 3% of them,
respectively [13].

In the 2010/2011 season B/Victoria-like viruses pre-
dominated globally, except in China, where B/Yamagata-
like viruses were most commonly detected [14]. Next sea-
son, both lineages were observed in similar proportions in
many countries, suggesting an increase in the prevalence
of viruses of the B/ Yamagata lineage [15]. From September
2012 to January 2013, influenza B viruses of the Victoria
and the Yamagata lineages co-circulated. Although B/Vic-
toria lineage was prevalent in some countries, B/Yamagata-
like viruses have continued to increase in proportion and
between February and September 2013 became dominant
in all countries reporting influenza B infections [11, 16].
The results of this study indicate that, in 2012/2013 sea-
son, in Vojvodina region, B/Yamagata lineage viruses also
predominated over those of the B/Victoria lineage. Among
the B/Yamagata-like positive patients there were signifi-
cantly more children 5-14 years old and patients with mild
form of illness. Literature data concerning the distribution
of influenza B virus lineages by age or clinical manifes-
tations of illness are contradictory. Chi et al. [17] found
that the B/Yamagata-like strains were associated with
more invasive infections of lower respiratory tract, while
Tan et al. [9] detected no significant difference in clini-
cal severity by influenza B lineage, but found that people
infected by the B/Yamagata lineage were older than those
infected by the B/Victoria lineage. Although the results
of this study did not associate influenza B lineages with
distinct chronic diseases or conditions, they confirmed
the importance of chronic medical/underlying conditions

as a risk factors for developing severe forms of influenza
B virus infections and influenza-related deaths. Analy-
sis of nucleotide sequence of the HA gene revealed that
both influenza B/Yamagata viruses were in phylogenetic
clade 2, the most commonly seen clade in recent months.
According to WHO CCRRI [12], the HA genes of most
B/Yamagata lineage viruses from 2012/2013 season fell
within genetic clade 2 or 3, with the proportion of viruses
in clade 2 markedly increasing in many areas during this
period. Although the tested viruses from Vojvodina and
viruses from other parts of Serbia fell into a single phylo-
genetic clade, phylogenetic three indicated co-circulation
of genetically different strains of influenza B viruses in
our country, during the single epidemic season. Viruses
in clade 2 are generally antigenically distinguishable from
those in clade 3, as can be seen with the results of HI with
some post-infection ferret antisera.

The antigenic distance between the vaccine candidate
and the circulating strain of influenza virus can be esti-
mated by HI. Four-fold change of HI titer of the circulating
strain in the presence of antisera to the vaccine candidate
is considered to be a substantial antigenic difference and
suggests a sub-optimal match between vaccine candidate
and circulating strain [18]. Apart from preexisting popu-
lation immunity to influenza A viruses, the high propor-
tion of influenza B cases recorded in 2012/2013 season
can partially be explained by a mismatch of the influenza
B vaccine and the circulating strain. Namely, in this study,
antiserum against B/Wisconsin/1/2010, the vaccine vi-
rus for 2012/2013 recognized the test viruses with a titre
four-fold reduced compared with its titre to the homolo-
gous antigen, while antisera raised against B/Massachu-
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setts/2/2012, recognized all the viruses well reacting with
a titre within two-fold of their titres of their homologous
viruses. The results of sequencing showed that B/Massa-
chusetts/2/2012 and test viruses belong to the same phy-
logenetic clade 2 and that they were more distantly related
to B/Wisconsin/1/2010 and other viruses from clade 3.
These findings were in correlation with the results of an-
tigenic analysis of most recent B/Yamagata-like influenza
B viruses. Most of them were antigenically distinguishable
from the 2012/2013 vaccine virus B/Wisconsin/1/2010 and
were more closely related to B/Massachusetts/2/2012-like
viruses [12]. As a result of this finding, WHO recom-
mended the change of influenza B virus component of
the vaccine intended for use in the 2013/2014 influenza
season [11]. Previous vaccine strain B/Wisconsin/1/2010
was replaced with B/Massachusetts/2/2012-like virus be-
longing to Yamagata lineage, while quadrivalent vaccines
also contain additional B/Brisbane/60/2008-like virus be-
longing to B/Victoria lineage.

CONCLUSION

According to our knowledge, this was the first investiga-
tion of prevalence of different influenza B virus lineages
in our population. The results of this study revealed that
influenza B/Yamagata-like viruses significantly predomi-
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Bupycu nudnyeHue b mehy ctraHoBHUWITBOM NOKpajuHe BojsoanHe TOKOM ce30He
2012/2013: audepeHumjaumnja nuenja B/Yamagata v B/Victoria nomohy Tectosa
real-time RT-PCR v aHTUreHcKa u punoreHeTCKa Kapaktrepusauuja

JeneHa PapoBaHoB', BecHa Munowesuh'?, MiBaHa Xprbakosuh LiBjeTkosuh'?, Muosby6 Puctuh'?, Munat hunac’,
Harawwa Hvkonuh', AnekcaHapa Matuh'?, lopaaHa KoBauesuh', AnekcaHapa JoBaHosuh fanosuh', Tamaw MetpoBuh’,

CaHgpa CredaH Mukuh>*
MHcTnTyT 33 jaBHO 3ppaBrbe BojsoguHe, Hosu Cag, Cpbuja;

?YHneep3utet y Hosom Cagy, MeguuuHckm dakyntet, Hosu Capg, Cpbuja;

*Hay4Hu MHCTUTYT 3a BeTepuHapcTBo, Hosu Cag, Cpbuja;

*KnuHuka 3a uHdekTnBHE 6onectn, KnuHuukm LeHTap BojsoauHe, Hosu Cag, Cpbuja

KPATAK CALIPXKAJ

YBop TpeHyTHO fiBe GUNOreHeTCKN pa3nunyuTe IMHKje BUpYyca
nuonyeHue b, B/Yamagata v B/Victoria, 3ajegHo umnpKynuiy
WMPOM CBETa U MOTY 13a3BaTy 3HayajaH MOp6UANTET U MOp-
TaNUTeT CTaHOBHMLUTBA.

L papa Linb papa je 61o fa ce oapeam 3acTymbeHOCT ABe
NVHWje BUpYca uHonyeHue b mely cTaHOBHULLTBOM NOKpajuHe
BojBoanHe 1 ncnutajy aHTUreHcke 1 GpunoreHeTcke ocobuHe
penpe3eHTaTUBHUX BUpYCa.

MeTtoge paga YkynHo 369 u 334 HazodapuHreanHa 6puca
nnn 6puca Hoca v rpna, cakynsbeHa TOKoM cesoHe 2012/2013,
oaHocHo 2013/2014, aHanu3npaHa cy cneynduyHnMm, nojeam-
HauHUM rHnyeHua A, nHdnyeHua b, nudnyerua B/Yamagata
n nHédnyeHua B/Victoria real-time RT-PCR TecToB/Ma. AHTUFEH-
CKe 1 FeHeTrYKe aHanr3e BPLIEHe Cy peaKkLmjoM UHxmbuuje
XemarnyTviHaLmje, OfHOCHO aHaIM30M reHCKe CeKBeHLie XxeMa-
FAYTUHWH 1 HeypaMUHKAa3a reHa.

Pesyntatu Tokom ce3oHe 2012/2013. Bupycu nHdnyeHue b
YCTaHOBJbeHM Cy Kop 53,4% (101/189) nHdnyeHLa-No3UTUBHNX
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y3opaka. B/Yamagata-like Bupycv cy 6unu cTaTMcTUYKy 3Havaj-
Ho vewhwu op B/Victoria-like Bupyca (81,2% Hacnpam 18,8%).
Y nopehety ¢ naumjeHTMa No3nTnBHUM Ha B/Victoria, mehy
naumjeHTMa NO3NTUBHUM Ha B/Yamagata 6uno je ctatuctiny-
K1 3HauajHo BuLLe feLie y3pacTa 5-14 roamHa (5,3% Hacnpam
35,4%) n 6onecHvKa ca bnarum obnukom nHdekuuje (15,8%
Hacnpam 45,1%). Pe3yntaTv ceKBeHUMpama 1 aHTUreHCKor
TecTMpatba Nnokasanu cy Aa UCMUTaHWU BUPYCU HUCY Y 6a1CKOj
cpogHocTtu ca B/Wisconsin/1/2010, BakuMHanHOM BUpYCY 3a ce-
30HY 2012/2013. Tokom ce3oHe 2013/2014. Bpycu nHdnyeHLe
B Hucy oTKkpuBEHN.

3aKsbyyvak Pesyntatyi 0BOr UCTpaxBarba Cy NOTBPAVIN 30paB-
CTBeHW 3Hayaj Bupyca uHdnyeHue b n ykasanu Ha To pa cy B/
Yamagata-like Bupycn 6unn cTaTUCTUYKK 3HavajHO Yewhn y
ofHocy Ha Bupyce nuHuje B/Victoria y ce3oHn 2012/2013. OHun
cy Takohe noka3sanu cybonTmanHo noknanare NCAUTaHUX BY-
pyca v BakLMHanHor Brpyca 3a ce3oHy 2012/2013.

KmbyuHe peun: nidnyeHua b; akyTHa pecnupatopHa HeK-
uwja; envaemuja; real-time RT-PCR
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