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1  | INTRODUC TION

Avian influenza viruses (AIVs) belong to the genus Orthomyxoviridae. 
With respect to surface glycoprotein haemagglutinin (HA) and 
neuraminidase (NA), 16 HAs (H1 to H16) and 9 NAs (N1 to N9) 
have been identified in birds (Fouchier et al., 2005; Webster, Bean, 
Gorman, Chambers, & Kawaoka, 1992). As a natural host, wild birds 

play an important role in the evolution of AIVs. Many AIVs adapt 
to wild birds, but with the exception of some highly pathogenic H5 
and H7 subtypes of AIVs, they generally cause only mild or asymp-
tomatic infections. However, AIVs can be spread to other birds or 
mammals or reassort with other AIVs during the seasonal migra-
tion of wild birds, posing a potential threat to poultry farming and 
human public health.

 

Received: 11 November 2019  |  Revised: 17 January 2020  |  Accepted: 4 February 2020

DOI: 10.1111/tbed.13511  

O R I G I N A L  A R T I C L E

Characteristics of the first H16N3 subtype influenza A viruses 
isolated in western China

Yulei Li1  |   Minghui Li1 |   Jingman Tian1 |   Yaping Zhang1 |   Xiaoli Bai1 |   
Xiaoliang Wang2 |   Jianzhong Shi1 |   Yumei Wang2 |   Long Ma2 |   Cen Yang1 |   
Yanbing Li1

This is an open access article under the terms of the Creat​ive Commo​ns Attri​butio​n NonCo​mmercial License, which permits use, distribution and reproduction 
in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2020 The Authors. Transboundary and Emerging Diseases published by Blackwell Verlag GmbH

1State Key Laboratory of Veterinary 
Biotechnology, Harbin Veterinary Research 
Institute, Chinese Academy of Agricultural 
Sciences, Harbin, China
2Preventive and Control Center for Animal 
Disease of Ningxia Hui Autonomous Region, 
Yinchuan, China

Correspondence
Yanbing Li, State Key Laboratory of 
Veterinary Biotechnology, Harbin Veterinary 
Research Institute, Chinese Academy of 
Agricultural Sciences, Harbin, Heilongjiang 
province, China.
Email: liyanbing@caas.cn

Funding information
National Natural Science Foundation of 
China, Grant/Award Number: 31521005 and 
ZD2018007; Natural Science Foundation of 
Heilongjiang Province of China

Abstract
The first documented avian influenza virus subtype H16N3 was isolated in 1975 and is 
currently detectable in many countries worldwide. However, the prevalence, biologi-
cal characteristics and threat to humans of the avian influenza virus H16N3 subtype in 
China remain poorly understood. We performed avian influenza surveillance in major 
wild bird gatherings across the country from 2017 to 2019, resulting in the isolation 
of two H16N3 subtype influenza viruses. Phylogenetic analysis showed these viruses 
belong to the Eurasian lineage, and both viruses presented the characteristics of inter-
species reassortment. In addition, the two viruses exhibited limited growth capac-
ity in MDCK and A549 cells. Receptor-binding assays indicated that the two H16N3 
viruses presented dual receptor-binding profiles, being able to bind to both human 
and avian-type receptors, where GBHG/NX/2/2018(H16N3) preferentially bound 
the avian-type receptor, while GBHG/NX/1/2018(H16N3) showed greater binding to 
the human-type receptor, even the mice virulence data showed the negative results. 
Segments from other species have been introduced into the H16N3 avian influenza 
virus, which may alter its pathogenicity and host tropism, potentially posing a threat to 
animal and human health in the future. Consequently, it is necessary to increase moni-
toring of the emergence and spread of avian influenza subtype H16N3 in wild birds.
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Avian influenza viruses are naturally maintained in wild, aquatic 
waterfowl, primarily ducks and shorebirds (orders Anseriformes 
and Charadriiformes). The H16 subtype is generally found in gulls 
(Verhagen et al., 2014), shedding high concentrations of viruses 
through intestinal epithelial cells that are then transmitted to other 
hosts (Hofle et al., 2012). Based on the amino acid residues of the HA 
protein receptor-binding site, H16 AIV from gulls and the low patho-
genic avian influenza (LPAIV) from ducks and geese have been shown 
to be significantly different (Fouchier et al., 2005). The H16N3 virus 
is more likely to attach to the human respiratory tract, cornea and 
conjunctiva than other AIV subtypes, raising concerns regarding the 
potential spread of influenza between humans and gulls (Lindskog 
et al., 2013).

During October 2018, we collected faeces samples from wild 
bird gatherings nationwide, becoming the first to isolate two H16N3 
viruses in the Ningxia Hui Autonomous Region, western China. The 
molecular evolution characteristics, growth properties in differ-
ent cell lines and receptor-binding properties of the viruses were 
investigated.

2  | MATERIAL S AND METHODS

2.1 | Sample collection

Faecal samples from wild birds were collected in the Shahu Wetland 
Ningxia Hui Autonomous Region in October 2018. The bird source of 
the faecal samples was determined on the basis of faecal shape and 
colour. The collected samples were placed in a phosphate-buffered 
solution (pH 7.0) that was supplemented with penicillin, streptomy-
cin and 10% glycerinum and were stored at 4°C for transportation.

2.2 | Viral isolation and identification

The samples were vortexed and then centrifuged for 5  min at 
3,000 g at 4°C, after which 0.2 ml of the supernatant from each 
sample was inoculated into the allantoic cavity of 9-day-old specific 
pathogen-free (SPF) chicken embryos, and the allantoic fluid was 
harvested after 72 hr. The haemagglutination (HA) activity of the 
allantoic fluid was evaluated using an HA test. Subsequently, HA 
subtypes of influenza A virus were identified using an HA inhibition 
(HI) test with a panel of H1 to H16 subtype-positive sera, while 
NA subtypes were identified by N1 to N9 subtype-specific RT-PCR 
primers.

2.3 | Genome sequencing

Viral RNA was extracted from the HA-positive samples using a com-
mercial kit (Tiangen), according to the manufacturer's instructions. 
cDNA was synthesized from viral RNA by reverse transcription 
with a 12-bp primer (5′-AGCAAAAGCAGG-3′), and the influenza 

virus segments were amplified using H16-specific primers. The 
PCR products were purified using a PCR Purification Kit (Omega) 
and sequenced using an Applied Biosystems DNA analyzer.

Avian influenza viruse genome amplification and sequencing 
were performed according to a previously described protocol (Li 
et al., 2005).

2.4 | Phylogenetic analysis

Sequences were assembled and edited using Lasergene 8.1 
(DNASTAR). The coding sequence of each gene segment was then 
aligned using MAFFT (PB2, 2,280 bp; PB1, 2,274 bp; PA, 2,151 bp; 
HA, 1,695  bp; NP, 1,497  bp; NA, 1,410  bp; MP, 982  bp; and NS, 
838  bp). All duplicate submissions and incomplete sequences 
were removed. The randomized accelerated maximum-likelihood 
(RAxML7.2.8Alpha) program under the GTRGAMMA model with 
1,000 bootstrap replicates was used to construct maximum-
likelihood phylogenies. The time of most relative common ances-
tor (tMRCA) was estimated using the package BEAST (v1.8.4) 
(Drummond & Rambaut, 2007), with the SRD06 nucleotide substitu-
tion model (Shapiro, Rambaut, & Drummond, 2006), an uncorrelated 
lognormal relaxed clock model (Matschiner et al., 2017). All chains 
were run for 50,000,000 generations with a 10% burn-in, and the 
effective sample size (ESS) values in the results were greater than 
200. Maximum clade credibility (MCC) trees were reconstructed 
with a 10% burn-in and annotated using FigTree (v1.4.4).

2.5 | Viral growth characteristics in different 
cell lines

We evaluated the growth characteristics of the virus in human 
type II alveolar epithelial cells (A549), Madin-Darby canine kidney 
(MDCK) cells and specific pathogen-free (SPF) chicken embryos ac-
cording to the method provided by WHO. The TCID50 (50% tissue 
culture infective dose) and EID50 (50% egg infective dose) values 
were calculated using the Reed-Muench formula.

2.6 | Receptor-binding preference of the H16N3 
influenza viruses

Receptor-binding specificity was analysed by the use of a solid-phase 
binding assay as described previously (Zhang et al., 2013), using two 
different glycopolymers: α-2,3-siaylglycopolymer [Neu5Acα2-3Galβ1-
4GlcNAcβ1-pAP (para-aminophenyl)-α-polyglutamic acid (α-PGA)] and 
α-2,6-sialylglycopolymer [Neu5Acα2-6Galβ1-4GlcNAcβ1-pAP(para-
aminophenyl)-α-polyglutamic acid (α-PGA)]. For the viruses assayed 
in this study, chicken antiserum against a homologous virus was used 
as the primary antibody. A horseradish peroxidase (HRP)-conjugated 
goat anti-chicken antibody (Sigma-Aldrich) was used as the second-
ary antibody, with absorbance measured at 490 nm. Two viruses, A/
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chicken/Hebei/3/2013(H5N2) and A/Sichuan/1/2009(H1N1), with 
homological sera that bind exclusively to (-2, 3- and (-2, 6-linked sialic 
acid receptors, respectively, were used as controls.

2.7 | Mouse experiment

Groups of six-week-old female BALB/c mice (Beijing Vital River 
Laboratories) were anaesthetized with CO2 and inoculated intrana-
sally (i.n.) with 106.0 EID50 of test viruses in a volume of 50 μl. The mock 
control group were inoculated with 50 μl PBS. A/wild bird/Tianjin/2-
300/2018(H3N8) (WB/TJ/2-300/2018(H3N8)) was used as positive 
control. Three mice were euthanized on day 3 p.i., and the nasal turbi-
nates, lungs, kidneys, spleens and brains were collected for virus titra-
tion in 9-day-old chicken embryos. The remaining five mice in each 
group were monitored daily for 14 days for weight loss and survival.

3  | RESULTS

3.1 | Virus isolation

In 2018, epidemiological surveillance of wild bird avian influenza was 
performed by collecting 248 faecal samples at the Shahu Natural 
Reservoir in Ningxia Hui Autonomous, which resulted in the isola-
tion of two H16N3 viruses, yielding an AIV isolation rate of 0.8% 
(2 of 248). This is the first time that the H16 subtype AIV has been 
isolated in China, and the isolates were named A/great black-headed 
gull/Ningxia/1/2018(H16N3) and A/great black-headed gull/
Ningxia/2/2018(H16N3) (abbreviated GBHG/NX/1/2018(H16N3) 
and GBHG/NX/2/2018(H16N3), respectively). The whole ge-
nomes of the two viruses were fully sequenced and have been 
uploaded to the GISAID EpiFlu database (accession numbers: 
EPI1604431-EPI1604480).

TA B L E  1   Molecular analysis of influenza A subtype H16 viruses from wild birds

Protein Amino acid position/motif Phenotypic consequences
GBHG/
NX/1/2018(H16N3)

GBHG/
NX/2/2018(H16N3)

PB2 D256G Enhanced polymerase activity, mammalian host 
adaptation

D D

E627K Enhanced polymerase activity and increased 
virulence in mice

E E

D701N Enhanced polymerase activity and increased 
virulence in mice

D D

PB1 I368V Associated with H5 transmissibility in ferrets I I

PB1-F2 N66S Increased virulence, replication efficiency and 
antiviral response in mice

N Sa

PA A515T Increased polymerase activity in mammalian cells T T

HA Cleavage site Polybasic cleavage motif sequence required for 
high pathogenicity of avian influenza viruses

INER↓GLF INER↓GLF

T160A (H3 numbering) Associated with H5 transmissibility in ferrets K K

Q226L (H3 numbering) Human-type receptor binding; associated with H5 
transmissibility in ferrets

Q Q

G228S (H3 numbering) Human-type receptor binding; associated with H5 
transmissibility in ferrets

S S

NA Stalk deletion Increased virulence in mice No deletion No deletion

E119A/G/V (N2 numbering) Reduced susceptibility to zanamivir, oseltamivir 
and/or peramivir

E E

H274Y/R (N2 numbering) Reduced susceptibility to oseltamivir and peramivir H H

M1 N30D Increased virulence in mice D D

T215A Increased virulence in mice A A

M2 L26F Amantadine resistance L L

V27A Amantadine resistance V V

S31N/G Amantadine resistance S S

NS1 80-84 deletion Increased virulence in mice No deletion No deletion

P42S Increased virulence in mice S S

L98F Increased virulence in mice F F

I101M Increased virulence in mice M M

aUnderlining indicates molecular features that are associated with virulence in mammals or the transmissibility of influenza virus and were detected 
in the H16 isolates in this study. 
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3.2 | Molecular characterization

The HA cleavage motif of the two H16N3 viruses was a INER↓GLFG 
motif, suggesting that they are LPAIVs (Horimoto, Ito, Alexander, & 
Kawaoka, 1995). Interestingly, although there were no mutations 
in 160A and 226L in HA, our results indicated that the two viruses 
possessed a molecular marker in 228S associated with a switch in 
receptor specificity from the avian type to the human type and 

enhanced mammalian transmissibility (Chutinimitkul et al., 2010). 
The deletion in the stalk-encoding region of the NA gene enhances 
the lethality of AIV in mice; however, in this study, the NA genes of 
the two H16N3 AIVs exhibited no stalk deletions. Some amino acid 
substitutions in PB2, including D256G, E627K and D701N, may 
contribute to increased virulence and transmission of influenza 
viruses in mammals (Bussey, Bousse, Desmet, Kim, & Takimoto, 
2010; Schat et al., 2012), but none of these substitutions were 

TA B L E  2   Viruses with sequence homology in the GISAID EpiFlu database

Virus Segment Position
Virus with the highest percentage of 
nucleotide identity Segment ID

Homology 
(%)

GBHG/NX/1/2018(H16N3) PB2 1-2280 A/duck/China/Weihai/2017(H13N8) EPI1565255 98

PB1 1-2274 A/Armenian gull/Republic of 
Georgia/1/2012(H13N6)

EPI617776 97

PA 1-2151 A/black-tailed gull/Weihai/115/2016(H13N2) EPI1223772 98

HA 1-1695 A/black-headed gull/
Netherlands/37/2011(H16N3)

EPI1013524 95

NP 1-1497 A/swan/East China/SD588/2015(H13N8) EPI1057471 98

NA 1-1410 A/duck/Hokkaido/WZ82/2013(H16N3) EPI531690 96

M 1-959 A/common gull/Altai/811/2011(H13N2) EPI467831 97

NS 1-838 A/black-headed gull/
Netherlands/19/2009(H16N3)

EPI1014718 97

GBHG/NX/2/2018(H16N3) PB2 1-2280 A/duck/China/Weihai/2017(H13N8) EPI1565255 98

PB1 1-2274 (A/duck/Hubei/ZYSYG3/2015(H6N2) EPI942215 98

PA 1-2151 A/black-tailed gull/Weihai/115/2016(H13N2) EPI1223772 99

HA 1-1695 A/black-headed gull/
Netherlands/37/2011(H16N3)

EPI1013524 95

NP 1-1497 A/swan/East China/SD588/2015(H13N8) EPI1057471 98

NA 1-1410 A/duck/Hokkaido/WZ82/2013(H16N3) EPI531690 96

M 1-959 A/common gull/Altai/811/2011(H13N2) EPI467831 97

NS 1-838 A/black-headed gull/
Netherlands/19/2009(H16N3)

EPI1014718 97

F I G U R E  1   Maximum-likelihood phylogenetic analysis of eight H16N3 virus segments: (a) HA, (b) NA, (c) PB2, (d) PB1, (e) PA, (f) NP, (g) M 
and (h) NS. The nucleotide sequences of the viruses listed in black were downloaded from the GISAID EpiFlu database. Reference sequences 
of viruses isolated from wild birds in Eurasia or the Americas are indicated with blue and red stars, respectively. The viruses listed in red 
were sequenced in this study [Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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observed in the two viruses. The N30D and T215A substitutions in 
the M1 protein and P42S, L98F and I101M substitutions in the NS1 
protein were observed in the two H16N3 viruses, which are asso-
ciated with increased H5N1 virus pathogenicity in mice (Fan et al., 
2009). No L26F, V27A and S31N amino acid substitutions were 
detected in the M2 protein, indicating that the two viral strains are 
sensitive to amantadine inhibitors (Table 1).

3.3 | Homology analysis and phylogenetic tree

To investigate the phylogenetic relationships and homology of the 
two viruses, we sequenced their entire genomes and constructed 
eight individual maximum-likelihood phylogenetic trees, where the 
closest strains were identified based on nucleotide levels by align-
ment in the GISAID EpiFlu database. The identity of seven segments 
(HA, NA, PB2, PA, NP, M and NS) was higher than 98%, whereas 
the PB1 homology between the two viruses was 88% (Table 2). The 
HA genes of the two H16N3 viruses had the highest homology with 
A/black-headed gull/Netherlands/37/2011(H16N3), indicating that 
they belong to the Eurasian lineage (Figure 1a). The NA genes of the 
two viruses were most likely derived from Anseriformes (duck) viruses 
(Figure S1). The internal genes of PB2, PA, M and NS of two viruses 
in the study were derived from the gull-originated H13 virus (Figure 
S1). Interestingly, the PB1 gene of the GBHG/NX/2/2018(H16N3) 
virus was from A/duck/Hubei/ZYSYG3/2015(H6N2) and is a ter-
nary recombinant virus from gull-, swan- and duck-originated viruses 
(Figure 1b).

BEAST was used to determine the tMRCA and mean evolution 
rate of the two H16N3 viruses in this study. The results suggested 
that the reassortment events that occurred to produce the two 
H16N3 viruses happened between July 2010 and September 2016 
(Table 3, Figure 2, Figure S2); the HA genes originated from the same 
AIV subtype of black-headed gull in October 2011 (Figure 2a); the 
NA genes were introduced from an H16N3 virus of duck origin in 
November 2011 (Figure S2); the two viruses obtained PB2, PA, NP 
and M genes from an H13 subtype virus of gull origin from mid-2011 
to late 2016 (Figure S2); and their NS genes were acquired from a 
black-headed gull H16N3 virus as early as June 2010 (Figure S2). 
Unlike the PB1 gene of the GBHG/NX/1/2018(H16N3) virus from the 
H13 subtype AIV, the PB1 gene of the GBHG/NX/2/2018(H16N3) 
virus descended from the H6N2 virus of duck origin in March 2014 
(Figure 2b). The two virus reassortant patterns and the introduction 
time of each segment are shown in Figure 3. From observations of the 
mean evolution rates of the eight gene segments of the two H16N3 
viruses, the evolution of the HA gene was the fastest, while that of 
the PB2 gene was the most conservative and showed obvious hys-
teresis (Table 3).

3.4 | Viral titration on different types of cultures

To evaluate the growth characteristics of the two viruses, they 
were titrated on different cell lines: A549 cells, MDCK cells and 
SPF chicken embryos. The TCID50 and EID50 values of the two 
H16N3 viruses on A549 cells, MDCK cells and SPF chicken embryos 

F I G U R E  2   Maximum clade credibility trees of the coding sequences of eight segments. Node bars indicate 95% highest posterior density 
(HPD) of the node height. The two H16N3 viruses isolated in this study are coloured in red. Each branch was coloured by posterior probability. 
The segments shown are (a) HA, (b) NA, (c) PB2, (d) PB1, (e) PA, (f) NP, (g) M and (h) NS [Colour figure can be viewed at wileyonlinelibrary.com]

FIGURE 3 A simplified schematic showing the putative genomic composition of H16N3 viruses. The eight gene segments (from top to bottom) in 
each virus are polymerase basic protein 2 (PB2), polymerase basic protein 1 (PB1), polymerase acidic protein (PA), haemagglutinin (HA), nucleocapsid 
protein (NP), neuraminidase (NA), matrix protein (M) and non-structural protein (NS). Each colour represents a separate virus background. The 
illustration is based on the nucleotide-distance comparison and phylogenetic analysis [Colour figure can be viewed at wileyonlinelibrary.com]
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presented little difference (Table 4). The TCID50 and EID50 val-
ues of GBHG/NX/1/2018(H16N3) in all three cultures were higher 
than those observed for GBHG/NX/2/2018(H16N3), revealing that 
GBHG/NX/1/2018(H16N3) replication is more efficient. Moreover, 
the preferential replication in eggs of the two H16N3 viruses indi-
cated their avian influenza properties.

3.5 | Receptor binding

The data revealed that two H16N3 viruses presented dual re-
ceptor-binding profiles, as both bound to human and avian-
type receptors, with GBHG/NX/1/2018(H16N3) preferentially 
binding α2,6-siaylglycopolymer (human-type receptor), while 
GBHG/NX/2/2018(H16N3) showed greater binding to α2,3-
siaylglycopolymer (avian-type receptor) (Figure 4).

3.6 | Mouse experiments

To evaluate the pathogenicity of A (H16N3) isolates in mammals, 
BALB/c mice were infected intranasally with the viruses. The results 

are shown in Figure 5. Weight change is shown in Figure 5a: the two 
H16N3 viruses in the study did not cause mice weight change; two 
isolates did not replicate in any investigated tissues either; as shown 
in Figure 5b, it implied that the viruses were none pathogenic to mice.

4  | DISCUSSION

Since the H16 subtype AIV was first identified in 2005 (Fouchier 
et al., 2005), it has been detected in many countries worldwide, 
with the greatest prevalence observed in Norway and Netherlands 
(Figure 6). H16 subtype AIV is genetically close to H13 subtype 
AIV, and they are well adapted to replicate in gulls, typically caus-
ing mild or asymptomatic infections (Tonnessen, Hauge, et al., 2013; 
Tonnessen, Kristoffersen, et al., 2013). During the monitoring of 
black-headed gulls in the Netherlands from 2006 to 2010, the preva-
lence of H13 and H16 AIV subtypes in birds during the second half 
of the breeding season in the first year was observed to be as high 
as 72% per week (Verhagen et al., 2014). Another study reported 
that H16N3 was the most common subtype of AIV in the black-leg-
ged kittiwake, which is the most numerous gull species in the world 
(Toennessen et al., 2011).

Geographically, influenza A viruses can typically be divided into 
Eurasian and North American lineages. Viruses of the two lineages 
generally exhibit little segment exchange, but these geographical 
limitations appear to be more easily overcome by some species 
that can migrate long distances, such as Charadriiformes (Dusek 
et al., 2014). In 2008, an H16N3 virus was isolated from a black-
backed gull in Newfoundland and was observed to contain genes 
from Eurasian and North American gulls (Wille, Robertson, Whitney, 
Bishop, et al., 2011; Wille, Robertson, Whitney, Ojkic, et al., 2011). 
Further study showed that the North American genes of this H16N3 

TA B L E  4   H16N3 virus titration in different types of cultures

Culture

Virus titration (TCID50/EID50/100μ)

GBHG/
NX/1/2018(H16N3)

GBHG/
NX/2/2018(H16N3)

MDCK 101.50 101.40

A549 101.75 101.50

SPF chicken 
embryos

106.23 105.68

F I G U R E  4   Characterization of the 
receptor-binding properties of H16N3 
viruses. The binding of the viruses 
to two different biotinylated glycans 
(α-2,3 glycan, blue; α-2,6 glycan, pink) 
was tested. The data shown are the 
means of three repeats; the error bars 
indicate the standard deviations. (a) 
GBHG/NX/1/2018(H16N3), (b) GBHG/
NX/2/2018(H16N3), (c) A/chicken/
Hebei/3/2013(H5N2) and (d) A/
Sichuan/1/2009(H1N1) [Colour figure can 
be viewed at wileyonlinelibrary.com]
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virus originated from Northern Europe and Central Asia. These re-
sults demonstrated that long-distance migrating gulls play an im-
portant role in the transfer of AIV genes from Eurasia to America 
(Wille, Robertson, Whitney, Bishop, et al., 2011; Wille, Robertson, 
Whitney, Ojkic, et al., 2011).

The H16 subtype AIV is primarily associated with gulls, which 
may be due to the specific characteristics of the proteins encoded 
by the internal genes of the virus (Tonnessen, Hauge, et al., 2013; 
Tonnessen, Kristoffersen, et al., 2013). However, due to intraspe-
cific recombination, the host restrictions and pathogenicity of 
H16N3 may change, and there are already some reports of intra-
specific recombination between wild ducks and gulls. The results 
of the phylogenetic analysis showed that the PB1 and NP genes 

of GBHG/NX/2/2018(H16N3) are related to the duck (A/duck/
Hubei/ZYSYG3/2015(H6N2)) and swan (A/swan/East China/
SD588/2015(H13N8)), respectively, which is seen as an evidence of 
inter-species reassortment.

The titration of the virus in different cell lines indicates the 
growth and infection abilities of a virus. In our study, the two 
H16N3 viruses presented low TCID50 values in A549 and MDCK 
cells, likely because these cell lines are of mammalian origin. 
However, the replication efficiency of the two viruses in chicken 
embryos was high, indicating chicken embryos are habitable to 
these two viruses.

Receptor-binding preference has important implications for in-
fluenza virus replication and transmission (Gao et al., 2009; Zhang 

F I G U R E  5   Body weight (a) and replication (b) in BALB/c mice. Body weights of mice were observed over 14 days after infection. Virus 
titres in organs of mice on day 3 p.i. with 106EID50 of test virus. Data shown are the mean titres from three mice; the error bars indicate the 
standard deviations [Colour figure can be viewed at wileyonlinelibrary.com]

F I G U R E  6   Pie chart showing all H16 viruses that have been isolated worldwide since 1975 (a) and a line chart showing the number of 
H16 virus isolates obtained per year (b) [Colour figure can be viewed at wileyonlinelibrary.com]
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et al., 2013). The change in receptor-binding preference from α-2,3-
linked sialic acids (avian-type receptors) to α-2,6-linked sialic acids 
(human-type receptors) is believed to be a prerequisite for an avian 
influenza virus to be transmitted between humans. In our study, 
the two H16N3 viruses showed dual receptor-binding properties, 
showing that they have a capacity to attach to both human and avian 
receptors. Compared with GBHG/NX/2/2018(H16N3), GBHG/
NX/1/2018(H16N3) showed preferential binding to human recep-
tors, which may pose a potential threat to public health.

5  | CONCLUSION

Although the H16 subtype avian influenza virus was isolated in 
2005, its prevalence, biological characteristics and threat to humans 
are still poorly understood in China. In this study, for the first time, 
we isolated two H16N3 subtype influenza viruses from the Ningxia 
Hui Autonomous Region in China, with an isolation rate of 0.8% (2 
of 248). None pathogenicity to mammalian model and mammalian 
cell-restricted growth suggest that these viruses are less harm-
ful towards mammals than other viruses. However, a phylogenetic 
analysis of the two viruses indicated the occurrence of inter-spe-
cies reassortment. Furthermore, segments from other species are 
continuously introduced into the H16N3 AIV, which may alter its 
pathogenicity and host tropism. In addition, the two H16N3 viruses 
showed dual receptor-binding properties, even the data of vivo test 
in mammalian model showed the pathogenicity to mice was nega-
tive, GBHG/NX/1/2018(H16N3) preferentially binding the human 
receptor, which may pose a potential threat to animal and human 
health in the future. Thus, it is necessary to increase monitoring of 
the emergence and spread of avian influenza virus subtype H16N3 
in wild birds.
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