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Abstract

Influenza B virus-caused illness has recently been considered as an urgent public health

problem due to substantial morbidity, mortality and life-threatening medical complications.

In this study, we have reported the main characteristics of influenza B virus in Mongolia,

including prevalence, lineages, suitability with vaccine strains and drug susceptibility against

the virus. 15768 specimens were tested by qPCR for detecting influenza viruses. From posi-

tive specimens for influenza B virus, the clinical isolates were isolated using MDCK cells.

Sequencing analysis, hemagglutination inhibition assay and Neuraminidase inhibitor (NAI)

drug susceptibility testing were performed for the clinical isolates. Influenza B virus was

around in 3.46% of the samples in Mongolia, and B/Victoria clade-1A and B/Yamagata

clade-3 lineages were predominant. Importantly, it was confirmed that the lineages corre-

sponded to the vaccine strains. Moreover, drug susceptibility tests revealed that some Mon-

golian clinical isolates showed reduced susceptibility to antiviral agents. Interestingly,

G104R was identified as a novel mutation, which might have a significant role in drug resis-

tance of the virus. These results describe the characteristics of influenza B viruses that have

caused respiratory illness in the population of Mongolia between 2013 and 2017.

Introduction

Seasonal influenza, caused by influenza A and B viruses, has been reported as one of the urgent

public health issues worldwide due to annually substantial morbidity and mortality among the

world population [1,2]. Among them, influenza B viruses are known to primarily infect the

human population and spreads as an acute febrile illness with respiratory symptoms. In addi-

tion, the influenza B viruses lead to severe and life-threatening medical complications in

human such as bacterial pneumonia, encephalitis, myositis, Reye’s syndrome and sinus infec-

tion [3].

The influenza B virus is a RNA virus, included in the virus family Orthomyxoviridae [4,5].

Characterization of the influenza B viruses can be determined by their surface antigens such as

hemagglutinin (HA) and neuraminidase (NA). On the basis of the antigenic properties of
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surface glycoprotein HA, the influenza B virus is classified into two lineages such as B/Victoria

and B/Yamagata lineages, which can be frequently used to determine the global circulation of

the virus among human population [6]. Many studies showed that the spread and predomi-

nance of both lineages of the virus are periodically and geographically different in various

regions in the world. Both lineages of the influenza B virus were firstly identified in 1988–1989

and were known to co-circulated globally in 1990s, with B/Yamagata lineage viruses being pre-

dominant. Between 1991 and 2000, B/Victoria lineage viruses were primarily identified in east-

ern Asia. Later, the reappearance of influenza B/Victoria lineage viruses was observed as

predominant influenza strain in North America and Europe during 2000–2002 and then

spread globally [7–9].

Limiting the impact of disease associated with influenza B virus infections remains an

important global issue [5]. Currently, the prevention of the illness is mainly accomplished with

trivalent influenza vaccine against the influenza viruses such as two different influenza A type

strains (A/H1N1, A/H3N2) and one influenza B type strain. Since the influenza season of

2013/2014, a fourth component was added to develop a quadrivalent vaccine as tool against

more influenza types, by including two circulating lineages of influenza B virus for wider pro-

tection against influenza [10].

Neuraminidase inhibitors (NAIs) such as oseltamivir and zanamivir have been used as

main treatment agents against the influenza B virus infection [11]. In recent years, reduced-

susceptibility to NAIs has been reported and has attracted more attention to research as the

main concern in the treatment of influenza B virus-caused illness worldwide. These resistant

viruses can be emerged under drug selection pressure or occurred naturally without drug

interventions. Okomo-Adhiambo et al reported that 346 of influenza B viruses were isolated in

2011 and 2 (0.6%) were identified with reduced susceptibility to NAIs [12–14].

In Mongolia, circulation of influenza B virus was primarily described between 2007 and

2012. During the time period, co-circulation of B/Yamagata and B/Victoria lineages were

observed between in the season of 2007 and 2008, and B/Victoria lineages predominated

between 2010 and 2012. The antigenicity of influenza B virus strains detected during the peri-

ods were considered as well matched to that of the vaccine strains. Since 2010, National Influ-

enza Center of Mongolia has been monitoring NAIs resistance of the influenza B virus by

chemiluminescence based assay. As a consequence of the monitoring system, one case with

H273Y (resistant to oseltamivir and peramivir) mutation in neuraminidase of the influenza B

virus was detected, which occurred naturally [15].

In this study, we aimed to report molecular and antigenic characteristics of the influenza B

virus isolated in Mongolia from 2013 to 2017. For this purpose, we firstly analyzed HA

sequences of influenza B viruses from databases in the National Center for Communicable

Diseases. Then, the phylogenetic relationship of those sequences was explored by focusing on

the distinct evolutionary patterns between B/Yamagata and B/Victoria lineages. Further, co-

circulation of the viruses from both lineages in Mongolia and the compatibility of the vaccine

strains with the virus were examined. Finally, mutations that cause reduced inhibition of anti-

influenza B virus agents were analyzed.

Materials and methods

Drug and reagents

Oseltamivir carboxylate, zanamivir, laninamivir, and peramivir were kindly provided by F.

Hoffmann-La Roche Ltd. (Basel, Switzerland), GlaxoSmithKline (Middlesex, UK), Daiichi

Sankyo Co., Ltd. (Tokyo, Japan), and Shionogi Co. Ltd. (Osaka, Japan) respectively.

Influenza B viruses circulated during last 5 years in Mongolia
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Sample collection

A total of 15768 nasal and throat swab specimens were collected from patients with influenza-

like illness (ILI) at 164 sentinel surveillance units (outpatient and hospital-based), including

the First Central Hospital, the Third Central Hospital, the National Center for Maternal and

Child Health, the National Cancer Center, National Center for Communicable Diseases and

family hospitals in all 21 provinces and 9 districts of Ulaanbaatar, Mongolia during the influ-

enza seasons of 2013–2017. According to surveillance case definition guideline for influenza

like-illness from World Health Organization (WHO), influenza like-illness (ILI) is defined as a

sudden onset of fever (�38˚C) within the last 10 days with one or more respiratory symptoms

(cough or sore throat). Nasal and throat swab specimens were collected during the 3 days after

onset of clinical symptoms and transported in virus transport medium within 72 hours at

+4˚C to virology laboratory, National Influenza center. The specimens were tested by real-

time RT-PCR (qPCR) reactions using an AgPhad-ID One-Step qPCR Kit (Ambion) according

to standard protocol for qPCR (WHO and US-CDC) to identify influenza A/B virus [16].

Influenza B virus positive samples were incubated in a Madin-Darby canine kidney (MDCK)

cell according to protocol developed by CDC [16].

Madin-Darby canine kidney cell culture

MDCK cells were grown in Dulbecco’s Modified Eagles medium (DMEM) supplemented with

10% fetal bovine serum, 100 U/ml penicillin, and 100 μg/ml streptomycin and 25 mM HEPES

buffer (from Gibco). Then 100 μl of each specimen were inoculated into confluent 3-day-old

MDCK cell monolayer, rotated flask to ensure virus covers entire the monolayer and allowed

inoculum to adsorb for 30 minutes at 37˚C. D-MEM containing 2% bovine serum albumin

(BSA), penicillin (100 U/ml), streptomycin (100 μg), HEPES buffer (25 mM) and TPCK-tryp-

sin (2μg/ml) were added for virus growth. Culture flasks incubated at 37˚C for 5 days and

observed daily for cytopathic effect (CPE). At day 5, hemagglutination inhibition test was per-

formed to define the starting material for the next passage.

Ethics statement

The study was executed using throat swab specimens which were deposited as anonymous.

The research ethics board of the Mongolian National University of Medical Sciences

(MNUMS) approved the research (Approval number: 2013/d-11).

Viral RNA extraction and identification

Viral RNAs were extracted using a QIAamp Viral RNA mini kit (QIAGEN, Hilden, Germany)

according to the manufacturer’s instruction.

Hemagglutinin (HA) and neuraminidase (NA) amplification

Viral RNAs were extracted from a 140 μl sample using a QIAamp Viral RNA mini kit (Qiagen,

Hilden, Germany) in accordance to the manufacturer’s instructions. The RNA was eluted with

70 μl of elution buffer. Then, cDNAs were generated using a QIAGEN OneStep qPCR Kit

(QIAGEN, Hilden, Germany). Amplification of HA and NA genes was conducted by using

influenza B specific primers (S1 File) provided by WHO Collaborating Centers. The qPCR

conditions were: at 60˚C for 1 min, at 42˚C for 10 min, at 50˚C for 30 min, at 95˚C for 15 min,

at 94˚C for 30 sec, at 52˚C for 30 sec, at 72˚C for 1 min, (at 94˚C for 30 sec, at 52˚C for 30 sec,

at 72˚C for 1 min) x 35 cycles and at 72˚C for 7 min.
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Sequence analysis

NA gene sequencing of the viruses was performed according to standard methods with AB

BigDye Terminator v3.1 sequencing kit, Applied Biosystems 3130xl Genetic Analyzer using

primers which were obtained through Influenza Reagents Resource, Influenza Division, WHO

Collaboration Center, CDC, Atlanta, USA. Nucleotide sequences were edited using Geneious

Basic 5.5.6 software and were aligned using Molecular Evolutionary Genetics Analysis software

MEGA version 6.0. A phylogenetic tree was constructed using the maximum likelihood

method along with the MEGA version 6.0 programs.

Neuraminidase inhibitor (NAI) susceptibility testing

NAI susceptibility testing was completed using a fluorescence-based enzyme-inhibition assay

utilizing the substrate 2’-(4-methylumbelliferyl)-α-D-N-acetylneuraminic acid (MUNANA)

and CLARIOstar Fluorometer (BMG LABTECH) according to the protocol developed by

WHO Influenza Collaboration Center, Melbourne, Australia. The NA inhibitor susceptibility

of influenza virus isolates were expressed as the concentration of NA inhibitor needed to

reduce NA enzyme activity by 50% (IC50). NA inhibition assay data were analyzed using Robo-

sage software comparing test data with the data produced by the reference NA inhibitor sensi-

tive and resistant strains, which were provided by WHO Influenza Collaboration Center,

Melbourne, Australia[17].

Hemagglutination inhibition (HI) test

The hemagglutination assay was done to define the concentration of HA antigen, in which

0.75% of red blood cells from guinea pig were used. Briefly, 50 μL of PBS and 100 μL of virus

culture were added into A2 to H12 and A2 to G1 wells, respectively. In a well of H1, 100 μL of

PBS was added to control red blood cells. 50 μL from A1 to H1 was taken up and mixed with

A2 to H2 wells and done successively for A12 to H12. Subsequently, 50 μL of the red blood cell

solution was added and the plates were shaken for 10 seconds. The test result was expressed as

HI-positive and HI-negative.

Data analysis

Statistical analysis and data management were performed using SPSS (Version 11.5; SPSS Inc.,

Chicago, IL, USA). Descriptive analysis, chi square and p value were calculated, and data were

expressed as mean ± standard deviation (S.D).

Results

Prevalence of influenza B virus

During 2013–2017 in Mongolia, a total 15768 nasal and throat swab specimens were taken

from patient with ILI and were investigated for the influenza virus identification. Of these

specimens, 546 (3.46%) were confirmed as influenza B virus. 292 (53.5%) and 254 (46.5%)

were B/Victoria and B/Yamagata lineages, respectively. The detection rates of influenza B virus

were 6.93% (320/4619), 0.58% (24/4117), 4.91% (184/3745) and 0.55% (18/3287) in the influ-

enza season of 2013/2014, 2014/2015, 2015/2016 and 2016/2017, respectively. The 546 patients

that confirmed as influenza B virus-positive were aged from newborn to 88 years. The mean

and median of ages were 10.24 and 5 years, respectively. Patients aged between newborn to 4

years were most frequently infected by influenza B virus (49.3%), followed by those aged 5–14

years (33%). Of the influenza B virus-positive patients, 239 (43.8%) were male and 307 (56.2%)

were female. The infection of influenza B virus was detected as highest rates in March 2014,
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April 2015 and March 2016 (Fig 1). Between the influenza seasons of 2013 and 2017, B/Victo-

ria and B/Yamagata lineages were revealed at a prevalence of 147(45.9%)/173(54.1%), 0(0%)/

22(100%), 127(69%)/57(31%) and 18(100%)/0(0%), respectively (S1 and S2 Tables). During

the influenza seasons of 2014/2015, 2015/2016 and 2016/2017, statistically significant differ-

ences between the prevalence of B/Victoria and B/Yamagata lineages were observed

(p<0.001). There was no significant difference between the prevalence of B/Victoria and B/

Yamagata lineages during the influenza seasons of 2013/2014 (p>0.05).

As shown in Fig 2, B/Yamagata and B/Victoria lineages were generally co-circulated during

the influenza season of 2013/2014 and 2015/2016, in which B/Victoria lineage was predomi-

nantly detected. During the influenza season of 2014/2015, B/Yamagata lineage was

Fig 1. Epidemic curve of influenza virus-positive cases. Monthly distribution of total ILI cases and influenza A and B

virus-positive cases in Mongolia from September 2013 to September 2017.

https://doi.org/10.1371/journal.pone.0206987.g001

Fig 2. Weekly distribution of influenza B viruses between 2013 and 2017 in Mongolia.

https://doi.org/10.1371/journal.pone.0206987.g002
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predominantly observed, and no B/Victoria lineage was detected. As for the influenza season

of 2016/2017, the circulation pattern of influenza B lineages in Mongolia was similarly

observed with that in the influenza season of 2014/2015.

Phylogenetic analysis of HA gene of Mongolian clinical isolates

A total of 25 partial HA sequences were conducted for randomly selected influenza B clinical

isolates, isolated from influenza B virus-positive clinical samples in Mongolia. On the basis of

HA gene sequence, 15 and 10 clinical isolates were considered to belong to B/Victoria and B/

Yamagata lineages, respectively. Phylogenetic analysis showed that all B/Victoria isolates clas-

sified into clade-1A, which were corresponded to B/Brisbane/60/2008 as a vaccine strain (Fig

3). On the other hand, all B/Yamagata isolates was classified into clade-3. They were not corre-

sponded to vaccine strain B/Massachusetts/02/2012 but corresponded to vaccine strains B/

Wisconsin/01/2010 and B/Phuket/3073/ 2013 (Fig 4).

Genetic characterization of HA gene of Mongolian clinical isolates

There are four major antigenic epitopes on the membrane distal domain of HA1 subunit of

HA which is commonly used for mutation analysis: 120 loop (position 116–137 of HA1), 150

loop (position 141–150), 160 loop (position 162–167), and 190 helix (position 194–202) [18].

Mutation analysis was conducted in the regions for 25 clinical isolates using Geneious software

and the results of which were compared to the gene sequences of vaccine strains of the influ-

enza B virus.

In all 15 B/Victoria isolates, amino acid similarity was detected in more than 98% of the iso-

lates as compared to the B/Brisbane/02/2008 as a vaccine strain, whereas all 10 B/Yamagata

isolates showed 99% amino acid similarity with B/Phuket/3073/2013 vaccine strain. However,

they did not correspond to B/Massachusetts/02/2012, recommended by WHO for the influ-

enza season of 2013/2014.

As shown in Table 1, several amino acid substitutions were found on the HA protein and

some mutations were revealed on designated sites of the four key epitopes of HA1. The most

represented substitutions were N116K in 120-loop, detected in all 10 B/Yamagata isolates

(100%), and I146V in 150-loop was detected in 6 out of 15 (40%) B/Victoria isolates. The sub-

stitutions on 160-loop and 190-helix were not found in all isolates.

Antigenic characterization of Mongolian clinical isolates

Serological characterization was conducted for B/Victoria isolates using B/Brisbane/60/2008

antisera, and the results compared to the amino acid substitutions in antigenic sites on HA

were shown in Table 2. B/Victoria isolates had several amino acid substitutions in 150-loop

and in 120-loop, which are known as the main antigenic sites on HA protein. However, no

antigenic differences were found between B/Victoria isolates and B/Brisbane/60/2008 vaccine

strain by hemagglutination inhibition (HI) tests. B/Victoria isolates in 2014 had amino acid

substitutions (I146V) in 150-loop whereas isolates in 2016 had double amino acid substitutions

(I117V and N129D) in 120-loop as compared to B/Brisbane/60/2008. The antigenic analysis

showed that B/Ulaanbaatar/1913/2016 strain was closer relationship with B/Brisbane/60/2008

than other strains, which might be explained by the amino acid substitution (N197S) in HA

protein.

Serological characterization was also conducted for B/Yamagata isolates using B/Wiscon-

sin/01/2010, B/Massachusetts/02/2012 and B/Phuket/3073/2013 as reference viruses, and

amino acid substitutions in antigenic sites on HA were shown in Table 3. B/Yamagata isolates

and B/Phuket/3073/2013 strain had same amino acid substitution (N116K) in 120 loop as,
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Fig 3. Phylogenetic tree based on HA amino acid sequences of B/Victoria lineage viruses circulated in Mongolia from 2012 to 2017. The

phylogenetic tree was created by the neighbor-joining method (1000 bootstrap replicates). Blue is for Mongolian strains, red is for vaccine

strains, and black is for reference strains.

https://doi.org/10.1371/journal.pone.0206987.g003
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Fig 4. Phylogenetic tree based on HA amino acid sequences of B/Yamagata lineage viruses circulated in Mongolia

from 2012 to 2016. The phylogenetic tree was created by the neighbor-joining method (1000 bootstrap replicates).

Mongolian strains (blue), vaccine strains (red), reference strains (black).

https://doi.org/10.1371/journal.pone.0206987.g004
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Table 1. Amino acid substitutions of HA protein from influenza B clinical isolates detected in Mongolia during 2013–2016.

Year Unit Epitope (Location) B/Victoria lineagea B/Yamagata lineageb

clade 1 (n = 15) clade 3 (n = 10)

2013/2014 HA1 120-loop (116–137) - N116K (3)

150-loop (141–150) I146V (6) -

160-loop (162–167) - -

190-helix (194–202) - -

2014/2015 HA1 120-loop (116–137) - N116K (3)

150-loop (141–150) - -

160-loop (162–167) - -

190-helix (194–202) - -

2015/2016 HA1 120-loop (116–137) I117V, N129D (4) N116K (4)

150-loop (141–150) - -

160-loop (162–167) - -

190-helix (194–202) - -

2016/2017 HA1 120-loop (116–137) I117V, N129D (5) -

150-loop (141–150) - -

160-loop (162–167) - -

190-helix (194–202) - -

Amino acid substitutions of B/Victoria and B/Yamagata lineages paralleled with the recommended vaccine strains.

(aB/Brisbane/60/2008 and bB/Wisconsin/01/2010 are applied for B/Victoria and B/Yamagata, respectively).

https://doi.org/10.1371/journal.pone.0206987.t001

Table 2. Antigenic relationship between B/Victoria isolates and B/Brisbane/60/2008 and amino acid substitutions on HA1 gene, refer to B/Brisbane/60/2008 strain.

B/Victoria lineage (Clades) HI Titer (Antisera) Amino acid� mutation (B/Brisbane/60/2008)

120-loop 150-loop

38 81 117 129 146 171 177 197 209

B/Brisbane/60/2008 (1A) 320 K V I N I N V N K

B/Ulaanbaatar/402/2014 (1A) 320 R A . . V . I . N

B/ULAANBAATAR/1113/2014 (1A) 320 R A . . V . I . N

B/KHENTII/1137/2014 (1A) 320 R A . . V . I . N

B/Darkhan/1484/2014 (1A) 320 R A . . V . I . N

B/ULAANBAATAR/1708/2014 (1A) 320 R A . . V . I . N

B/SAINSHAND/1750/2014 (1A) 320 R A . . V . I . N

B/Darkhan/1888/2016 (1A) 320 . . V D . . . . .

B/Ulaanbaatar/1865/2016 (1A) 320 . . V D . . . . .

B/Ulaanbaatar/1913/2016 (1A) 640 . . V D . . . S .

B/Ulaanbaatar/1907/2016 (1A) 320 . . V D . . . . .

B/Bayan-Ulgii/1472/2017(1A) 640 . . V D D . . .

B/Choibalsan/1738/2017(1A) 320 . . V D . . . .

B/Choibalsan/1834/2017(1A) 320 . . V D . . . .

B/Ulaanbaatar/1834/2017(1A) 640 . . V D . . . .

B/Ulaanbaatar/1868/2017(1A) 320 . . V D . . . .

�(K,Lysine; V, Valine; I, Isoleucine; N, Aspargine; R, Argignine; A, Alanine; D, Aspartic; S, Serine)

https://doi.org/10.1371/journal.pone.0206987.t002
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compared to B/Wisconsin/01/2010. All B/Yamagata isolates were closer relationship with B/

Phuket/3073/2013, recommended by WHO for use in the influenza season of 2015–2016 and

2016–2017. However, B/Yamagata isolates in 2014 were no relationship with B/Massachusetts/

02/2012 recommended by WHO for use in the influenza season of 2013/2014.

Susceptibility of Mongolian clinical isolates

WHO recommended a category of drug susceptibility definitions by IC50 values in which sen-

sitivity of NAIs was categorized as reduced inhibition and highly reduced inhibition. The

reduced inhibition was defined as 5 to 50fold IC 50 values reduction to reference strain and

the highly reduced inhibition was defined as more than 50-fold values reduction to reference

strain.

During the influenza seasons of 2012–2017, a total of 93 clinical isolates were stored at

-70˚C for further studies, including 32 isolates from 2013/2014, 3 isolates from 2014/2015, 10

isolates from 2015/2016 and 48 isolates from 2016/2017. Then, 68 influenza B clinical isolates,

including 45 isolates from 2013 to 2016 and 23 isolates from the influenza season of 2016/

2017, were randomly selected and tested by neuraminidase inhibitors (NAIs) susceptibility

testing. A Fluorescence-based assay was used to determine IC50 of oseltamivir, zanamivir,

laninamivir and peramivir and all isolates were sensitive to NAIs within the range of 4.53±3.15

nM, 0.76±0.43 nM, 1.12±0.54 nM and 0.47±0.4nM respectively. We have found 5 resistant

Table 3. Antigenic relationships between B/Yamagata isolates and B/Wisconsin/01/2010, B/Massachusetts/02/2012 and B/Phuket/3073/2013 and amino acid substi-

tutions on HA1 gene, refer to B/Wisconsin/01/2010 strain.

B/Yamagata lineage

(Clades)

HI Titer (Antisera) Amino-acid� mutation (B/Wisconsin/01/2010)

120-loop

B/Wisc/01/

10

M/Mass/02/

12

B/Phuk/3073/

13

48 108 116 150 165 172 181 196 202 211 219 229 251 278 298 312

B/Wisconsin/01/2010 (3) 320 80 80 R P N I Y L T N S K V D M R K E

B/Massachusetts/02/2012

(2)

80 640 40 K A . S N . A D N G G G . . . .

B/Phuket/3037/2013 (3) 320 160 320 . . K . . . . . . . . . . . E K

B/Ulaanbaatar/1495/2014

(3)

80 80 320 . . K . . . . . . . . . . K E K

B/Ulaanbaatar/1604/2014

(3)

80 80 320 . . K . . . . . . . . . . K E K

B/Ulaanbaatar/1798/2014

(3)

80 40 320 . . K . . . . . . . . . . K E K

B/Choibalsan/1803/2015

(3)

640 320 640 . . K . . Q . . . . . . . . E K

B/Choibalsan/1805/2015

(3)

320 320 640 . . K . . Q . . . . . . . . E K

B/Sainshand/1888/2015 (3) 320 320 640 . . K . . Q . . . R . . V . E K

B/Sainshand/1852/2016 (3) 160 160 320 . . K . . Q . . . . . . V . E K

B/Ulaanbaatar/1936/2016

(3)

160 160 320 . . K . . Q . . . . . . V . E K

B/Ulaanbaatar/1933/2016

(3)

160 160 320 . . K . . Q . . . . I . V . E K

B/Arvaikheer/1872/2016 (3) 160 160 320 . . K . . Q . . . . . . V . E K

�(R, Argignine; P, Proline; N, Aspargine; I, Isoleucine; Y, Tyrosine; L, Leucine; T, Threonine; S, Serine; K, Lysine; V, Valine; D, Aspartic; M, Methionine; E, Glutamic

Acid; A, Alanine; G, Glycine; Q, Glutamine)

https://doi.org/10.1371/journal.pone.0206987.t003
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clinical isolates after several passages through MDCK cells, which were occurred during the

influenza season of 2013/2014.

As shown in Table 4, B/Ulaanbaatar/1113/2014 and B/Khentii/1137/2014 were sensitive to

oseltamivir, zanamivir, laninamivir whereas they showed reduced susceptibility to peramivir.

B/Darkhan/1484/2014 and B/Ulaanbaatar/1495/2014 had reduced susceptibility to oseltamivir,

zanamivir and laninamivir whereas highly reduced susceptibility to peramivir. B/Ulaanbaatar/

1708/2014 strain had highly reduced susceptibility to all of NAIs tested.

Detection of mutations in NA gene of drug resistant Mongolian clinical

isolates

NA gene sequences of 5 resistant isolates were browsed in GISAID gene bank with accession

numbers: EPI521520; EPI521521; EPI521522; EPI541301; EPI541956. In the sequences of NA

for 5 resistant isolates, several novel amino acid substitutions were found in the regions

between 101 and 140 amino acids, which belong to enzyme activity site in NA.

As shown in Fig 5, I114T mutation was found in B/Ulaanbaatar/1113/2014 strain, which

might cause reduced susceptibility to peramivir. G140R mutation was found in B/Khentii/

1137/2014 and H101N and E105K mutations were found in B/Darkhan/1484/2014 strain.

Besides those, B/Ulaanbaatar/1495/2014 had E105K mutation and B/Ulaanbaatar/1708/2014

had G104R mutation, those also might cause reduced susceptibility to NA inhibitors. These

mutations in clinical isolates were not detected in original clinical specimens by sequencing

analysis.

Discussion

Influenza B virus has now been considered as one of the most highly contagious infections for

the respiratory system in humans and a main cause of severe respiratory illness and mass hos-

pitalization during the epidemic period [19]. The infection spreads throughout most of Mon-

golia every winter. The environmental factors such as colder temperature during winter

season can contribute the virus survivability by lengthening protective of droplets on viruses

Table 4. Result of fluorescence-based NA inhibition assay.

Strains Oseltamivir Zanamivir Laninamivir Peramivir Mutation in NA gene

IC50 (nM) Fold increase IC50 (nM) Fold increase IC50 (nM) Fold increase IC50 (nM) Fold increase

B/Ulaanbaatar/1113/2014 9.16 - 0.91 - 1.28 - 11.85 10 I114T

B/Khentii/1137/2014 13.28 - 0.89 - 2.14 - 7.18 10 G140R

B/Darkhan/1484/2014 117.95 15 21.01 10 37.43 16 1525.49 2500 H101N, E105K

B/Ulaanbaatar/1495/2014 58.33 10 7.99 10 61.4 10 3274.91 5000 E105K

B/Ulaanbaatar/1708/2014 3914.6 1000 1451 1000 1532.3 1000 287561.3 >100000 G104R

https://doi.org/10.1371/journal.pone.0206987.t004

Fig 5. The compared result of drug resistant strains, NA protein sequences with clinical specimens and strain B/

Kochi/61/2011.

https://doi.org/10.1371/journal.pone.0206987.g005
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[20] thereby increasing the illness caused by influenza B virus in high-risk population. In

recent years, the prevention efforts against influenza B have been attracting more attention to

limit the virus transmission and reduce illness related to respiratory system. With this regards,

WHO recommended vaccination against influenza, including influenza B virus, to prevent the

virus-related illness [2,21–23].

In this study, the influenza B virus-caused infection was detected by qPCR and evaluated

the prevalence of the virus caused illness in Mongolia between the influenza seasons of 2013

and 2017. During the period, the prevalence of influenza B virus was at 3.46% of all samples

collected, indicating that the infection related to influenza B virus contributes a relatively low

proportion to seasonal influenza in Mongolia. The patients aged from newborn to 4 years were

most repeatedly infected with influenza B virus in Mongolia, which is more likely to be related

with child immune system that is not fully developed [24]. In addition, some people are at

high risk for seasonal influenza, including children, pregnant women, older people and health-

care workers [18,25].

As regards to the influenza B virus circulation among the population in Mongolia, B/Yama-

gata and B/Victoria lineages were co-circulated in the influenza season of 2013/2014 and 2015/

2016, in which the B/Victoira lineage predominated as compared to B/Yamagata lineage. In

the influenza season of 2014/2015, B/Yamagata lineage was exclusively circulated, while the

solo-circulation of B/Victoria lineage was observed in the influenza season of 2016/2017. It

was considered that the disappearance of two lineages in some season might be related to

genetic variability of influenza B viruses [26,27].

WHO and CDC recommended annually anti-influenza vaccination for nearly all people

over the ages of six months, especially those at high risk [18,25]. In Mongolia, vaccination

against influenza is primarily recommended for high risk groups including pregnant women,

elderly, children between six months and five years of age, those with health problem, and

those who work in healthcare.

Classification of HA gene based on phylogenetic analysis are more crucial for vaccine selec-

tion during influenza season [28,29]. Recently, B/Victoria lineage is classified into clade-1A

and clade-1B, and B/Yamagata lineage is classified into clade-2 and clade-3 [28]. In Mongolia,

B/Victoria clade-1A was predominantly detected between the influenza seasons of 2013/2014

and 2015/2016, which was well matched to the vaccine strain B/Brisbane/60/2008. B/Yamagata

clade-3 was observed in Mongolia during the study period, which was matched to the vaccine

strains B/Wisconsin/01/2010 and B/Phuket/3073/2013, not corresponded to the vaccine previ-

ous strain B/Massachusetts/02/2012.

The main effort throughout the world to prevent influenza B virus-caused illness is the tri-

valent vaccine or quadrivalent vaccine, including influenza A and B viruses [21]. The vaccine

is more effective when the circulating influenza viruses are well-matched to the vaccine strains

recommended by WHO. The difference between antigenic relationship and amino acid substi-

tutions on the HA of Mongolian clinical isolates compared to those of vaccine strains defines

the appropriateness of the vaccine strains.

There are several anti-viral drugs such as oseltamivir, zanamivir, laninamivir and peramivir

successfully used for the treatment of influenza B virus-caused illness in the world. However,

drug resistant influenza B viruses have been recently reported [11,30]. In Mongolia, some

influenza B clinical isolates in local regions showed that several resistant isolates to the anti-

viral agents, indicating that the treatment against influenza B virus-caused illness might be dif-

ficult to prevent. Among Mongolian Influenza B isolates, B/Ulaanbaatar/1708/2014 strain was

detected as highly reduced susceptibility to all of NAIs. According to NA sequences, G140R,

I114T and E105K mutations were found in Mongolian resistant isolates. Among the muta-

tions, G104R has been occurred during the propagation in MDCK cell culture. Isolate which
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have G104R mutation showed strong resistant to NAIs as compared to isolates having E105K

mutation, suggesting that G104R mutation might play a key role in development of the drug

resistance of influenza B virus.

Conclusions

In Mongolia, influenza B virus has been detected around 3.46% of tested specimens during the

study period. Among the influenza B virus, B/Victoria lineage clade-1A and B/Yamagata line-

age clade-3 were predominantly observed and mainly caused the illness related to the influenza

B virus, which were corresponded to the vaccine strains recommended by WHO. Drug suscep-

tibility tests for Mongolian clinical isolates identified 5 isolates that had reduced susceptibility

to antiviral agents. G104R substitution in NA gene of resistant isolate was identified as a novel

mutation, responsible for drug resistance. Taking together, these results confirmed the genetic

variability and seasonal circulated strains of the influenza B virus isolated in Mongolia and

showed that further and continual studies are important to detect the novel genetic variants of

epidemiological and clinical significance.
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