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ABSTRACT
Avian influenza viruses (AIV) have been classified on the basis of 16 subtypes of hemagglutinin (HA) and 9 subtypes of 
neuraminidase. Here we describe genomic evidence for a new candidate HA subtype, nominally H19, with a large genetic 
distance to all previously described AIV subtypes, derived from a cloacal swab sample of a Common Pochard (Aythya 
ferina) in Kazakhstan, in 2008. Avian influenza monitoring in wild birds especially in migratory hotspots such as 
central Asia is an important approach to gain information about the circulation of known and novel influenza viruses. 
Genetically, the novel HA coding sequence exhibits only 68.2% nucleotide and 68.5% amino acid identity with its 
nearest relation in the H9 (N2) subtype. The new HA sequence should be considered in current genomic diagnostic 
AI assays to facilitate its detection and eventual isolation enabling further study and antigenic classification.
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Introduction

Metapopulations of wild aquatic birds (waterfowl and 
shorebirds) represent the primary natural reservoir of 
avian influenza A viruses (AIVs) of which 16 hemag-
glutinin (HA) and nine neuraminidase (NA) subtypes 
are currently known. Two further subtypes, H17 and 
H18, were recently discovered in Little yellow-shoul-
dered (Sturnia lilium) and a flat-faced fruit bats (Arti-
beus planirostris) respectively, but not in any avian 
species or human to date [1,2]. The most recent IAV 
subtype identified in an avian species was the H16 sub-
type which was isolated from a Black-headed gull in 
2005 [3]. An important part of our knowledge regard-
ing low pathogenicity avian influenza viruses 
(LPAIVs) has been acquired via wildlife monitoring 
studies. Such wild bird studies have been carried out 
over the past few decades, especially after emergence 
and geographical expansion of high pathogenicity 
AIVs (HPAIVs) of the H5Nx subtype since 2005. 
Yet, no evidence for another new AIV subtype has 
been reported since, until now [4–12].

We have examined approximately 8000 oropharyn-
geal and cloacal samples in the framework of an AIV 
monitoring programme in wild birds in Kazakhstan 

from 2006 to 2011. Molecular screening of samples 
and subsequent sequencing of AIV positive samples 
revealed a number of known AIV subtypes but a single 
influenza A virus HA sequence could not be classified 
within the existing subtypes. Here we describe 
sequence analyses of this sample providing genomic 
evidence for a novel HA subtype of AIV from a Com-
mon Pochard (Aythya ferina). With more than 30% 
genetic distance [3,13], based on the HA coding region 
nucleotide sequence, to its closest relatives in the H9 
subtype, the novel sequence represents a potential can-
didate new subtype, nominally H19.

Materials and methods

Study design

In the framework of an AIV wild bird monitoring 
programme in Kazakhstan during 2002 to 2009, 
approximately 4800 cloacal and oropharyngeal 
swab samples from 155 different species of wild 
birds were collected and analysed [11]. The study 
was previously described comprehensively [11], in 
summary, samples were tested using virus culture 
in embryonated chicken eggs, conventional RT– 
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PCR, and a generic quantitative real-time RT–PCR 
(RT-qPCR) targeting the AIV nucleoprotein (NP) 
gene [14]. In total, 95 AIV from different subtypes, 
especially H3, H4, and H13 subtypes, were isolated. 
In addition, 99 positive samples were identified 
using conventional RT–PCR and quantitative RT– 
PCR (RT-qPCR). A cloacal swab sample with sample 
ID of Kz52, that was collected on 23.11.2008 from a 
Common Pochard (Aythya ferina) was among the 
RT-qPCR positives. Positive RT-qPCR samples, 
including Kz52 were used for re-inoculation in 
embryonated chicken SPF (specific pathogen free) 
eggs, MDCK II (Madin-Darby canine kidney) cell 
culture cultivation, genome amplification, and 
sequencing.

Virus isolation and characterization

Virus isolation was attempted in 11-day-old 
embryonated SPF chicken eggs and MDCK II cell 
cultures based on standard procedures [15]. The 
samples were passaged two or three times before 
being considered negative based on lack of hemag-
glutination activity and negative generic RT-qPCR 
tests.

RNA extraction

RNA was extracted from the original swab sample 
using the QIAamp Viral RNA kit (Qiagen) for the 
conventional RT–PCR or sequencing, according to 
the manufacturer’s instructions. RNA for RT-qPCR 
analysis was extracted directly from the samples by 
an automated RNA extraction robot (Freedom Evo 
3000, Tecan) using the NucleoSpin 96 Virus Core kit 
(Macherey & Nagel).

Quantitative real-time RT–PCR (RT-qPCR)

A previously validated generic quantitative real-time 
RT–PCR (RT-qPCR), using forward and reverse pri-
mers (1448-F and 1543-R) and probe (1473-FAM), 
targeting the AIV NP gene was used for screening of 
the samples or evaluation of cultivated cell cultures, 
and viral load in original sample was estimated 
[14,16].

RT–PCR and sequencing

Reverse transcription-PCR (RT–PCR) assays were 
performed via one-step protocols using the Qiagen 
RT–PCR Kit according to the manufacturers’ 
instructions. Hoffmann primers were used for full- 
length amplification of genomic RNA and further 
sequencing of different viral segments, including 
polymerase basic 2 (PB2), polymerase basic 1 
(PB1), polymerase acidic (PA), HA, NP, NA, matrix 

(M), and non-structural protein (NS) genes [17]. 
PCR products of the anticipated size range were 
purified using the QIAquick Gel Extraction Kit 
(Qiagen, Germany). Purified DNA fragments were 
cycle sequenced in both directions using the same 
primers as for RT–PCR. The Prism Big Dye Termin-
ator v1.1 cycle sequencing kit (Applied Biosystems) 
was utilized and amplicons were analysed on an 
automatic sequencer (ABI-377, Applied Biosys-
tems). Assembled nucleotide sequences were then 
used in BlastN2 database searches for subtype 
specification.

A second round of sequencing focused specifically 
on the HA gene of sample Kz52 and was conducted 
in collaboration with Virology Research Services 
(Sandwich, UK) and was achieved via two 
approaches. Firstly, the sequence of the N-terminal 
two-thirds (∼1150 bp) was obtained by one strategy, 
followed by the C-terminal one third (∼600 bp) by an 
alternative approach, both described below. For the 
former, total extracted RNA was retro-transcribed 
using random hexamer and influenza HA-specific 
primers (details below) to initiate first round cDNA 
synthesis via Superscript Reverse Transcriptase 
(ThermoFisher) priming at 65°C for 5 min (min), 
reverse transcribed at 55°C for 10 min, then deacti-
vated at 80°C for 10 min. HA sequences from this 
cDNA were then amplified by polymerase chain reac-
tion (PCR) using HA-specific primers (details below) 
and Phusion Hi-Fidelity DNA Polymerase (Thermo-
Fisher) according to manufacturer’s instructions, 
using the thermal cycling; initially 98°C for 30 s, 
then 25 cycles of 98°C for 10 s + 52°C for 30 s + 72° 
C for 30 secs, with final extension at 72°C for 
5 min. PCR products (∼300–400 bp) were purified 
by gel electrophoresis and extraction. These products 
were Sanger sequenced (Source Bioscience, Cam-
bridge, UK) and used to design novel primers to pro-
duce further nested PCR products for sequencing. 
These sequences were assembled into the ∼1150 bp 
consensus. Despite several attempts, it was not poss-
ible to extend this sequence further by the same 
methodology, possibly due to target degradation. 
Consequently, a second “gene walking” approach 
was employed. This involved using a PCR primer 
based on a known sequence adjacent to unknown 
region (5′-AAAGAGACACCGCTCAAG-3′ using 
above cycle) to produce ssDNAs of varying lengths 
from the cDNA above, followed by non-specific 
binding of reverse primers to generate dsDNAs 
(single cycle of 98°C for 30 s + 45°C for 30 s + 72°C 
for 3 min). A second round of nested PCR was 
conducted (30 cycles, as above) to produce more 
amplicons that were gel purified and sequenced. 
Lastly, the N and C-terminal sequences were 
assembled as a single 1686 nucleotide contiguous 
open reading frame.
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Sequences of primers utilized in above 
methodologies:

Primers used for RNA retro-transcription reaction I:
Rev2: 5′-AAAGGTACTCTTGTTCTGATT-3′
Rev1: 5′-TCAGATACAAATGGTGCATTTG-3′
Primers used for RNA retro-transcription reaction II:
Rev1: 5′-TCAGATACAAATGGTGCATTTG-3′
Primers used for RNA retro-transcription reaction 

III:
Rev3: 5′-CGAAGTTATCTTATCAATGGCC-3′
Primers used for PCR reactions:
HAFor: 5′-ATGTGGAAACTAGCATTAGTAA 

CG-3′
HARev: 5′-AAAGGTACTCTTGTTCTGATT-3′
HA1For: 5′-TTAGTAACGACTTTTTTGATGC-3′
HA1Rev: 5′-ACTTGAGGAAGAGAATAAGAC-3′
HA2For: 5′-AAAGAGACACCGCTCAAG-3′
HA2Rev: 5′-ATTTTTAAAGTCTGATTGGGC-3′
HA3For: 5′-GAGTTTCAAGTCAACATTCGG-3′
HA3Rev: 5′-CGAAGTTATCTTATCAATGGCC-3′
HA4For: 5′-AATTCAGAGGGAACAGGAATGG-3′
HA4Rev: 5′-TCAGATACAAATGGTGCATTTG-3′

Estimates of evolutionary divergence between 
sequences

The number of base substitutions per site between 
sequences were calculated using the Tajima-Nei 
model implemented within MEGA 11 software. The 
rate variation among sites was modelled with a 
gamma distribution. Codon positions included were 
1st + 2nd + 3rd + Noncoding. All positions with less 
than 95% site coverage were eliminated and ambigu-
ous bases were allowed at any position (partial del-
etion option). There were a total of 1680 positions in 
the final dataset. Evolutionary analyses were con-
ducted in MEGA 11.

Prediction of potential N-glycosylation sites

Potential N-glycosylation sites (PGS) of the HA were 
predicted using the NetNGlyc 1.0 Server (https:// 
services.healthtech.dtu.dk/services/NetNGlyc-1.0).

Phylogenetic analyses

Phylogenetic analyses were carried out for the com-
plete open reading frame (ORF) of the HA gene of 
A/Common Pochard/Kazakhstan/Kz52/2008 (Kz52 
in brief) AIV and representatives of other influenza 
A virus subtypes. Ninety-one representative sequences 
of all AIV and bat-origin HA subtypes for phyloge-
netic analysis were retrieved from the NCBI Influenza 
Database, aligned, and trimmed to equal lengths using 
BioEdit 7.2.5.

The trees were generated using a maximum-likeli-
hood (ML) approach based on a General Time Revers-
ible (GTR) model with rate heterogeneity and a 
proportion of invariant sites with 1000 bootstrap repli-
cates implemented within MEGA 11 software. In 
addition, all trees were reconstructed and confirmed 
using the neighbor-joining algorithm based on the 
Tamura 3-parameter model, rate heterogeneity and 
1000 bootstrap replicates.

Three-dimensional (3D) structural modelling of 
HA

A 3D model of the Kz52 HA polypeptide was pre-
dicted using the free software Phyre2 [18; www.sbg. 
bio.ic.ac.uk/phyre2]. Modelling compared the novel 
HA sequence with that of other HAs for which struc-
tures have been determined. The best structural align-
ment was with H16 (A/black-headed gull/Sweden/2/ 
99; NCBI accession number AY684888.1). Phyre 2 
“normal mode” default settings were used to predict 
the 3D models of HA. The Phyre 2 PDB file was 
then imported into the PyMOL program (www. 
pymol.org) in order to highlight specific features on 
the HA structure.

Results

One cloacal swab sample, Kz52, that was collected 
from a Common Pochard was considered positive in 
a generic AIV-specific RT-qPCR with low viral load 
of about 102–103 viral genome copies per 100 µl of 
cloacal swab suspension (Ct value equal to 34.12 in 
original swab material). No virus could be propagated 
either in embryonated chicken SPF eggs, or MDCK 
cell cultures, possibly because the sample had already 
experienced several cycles of freezing and thawing fol-
lowing initial analysis, storage, shipment, and RNA 
extraction phases, before any attempts at virus iso-
lation were made and the sample included low virus 
load. RNA extracted from the residual sample was 
only adequate for complete sequencing of the hemag-
glutinin and short fragments of three other segments.

The sequencing of the HA gene via different com-
plimentary approaches and protocols finally revealed 
a complete sequence of the HA open reading frame 
(ORF) comprising 1686 nucleotides (including start 
and stop codons) and 561 amino acids (Figure 1). 
Extensive database searches and estimation of evol-
utionary divergence revealed that the HA gene shared 
only 68.2% nucleotide and 68.5% amino acid sequence 
identity with its closest related sequences, all found 
among strains of the H9 subtype isolated from wild 
and domestic birds and bats (https://blast.ncbi.nlm. 
nih.gov/Blast.cgi), such as A/duck/NZL/76/1984 
(H9N1), A/chicken/Korea/GH2/2007(H9N2) and A/ 
Bat/Egypt/381OP/2017(H9N2), respectively. Kz52 is 
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placed as a sister clade to the H9 subtype with subtypes 
H8 and H12 being closely related to the sister clade 
(Figure 2(a and b)).

Due to the low viral load of the specimen, the gene- 
specific RT–PCR assays did not reveal any positive 
PCR product for PB2, PA, NA, and M genes of 
Kz52; and partial sequences were generated only for 
PB1 (620 of 2370 nt), NP (310 of 1594 nt), and NS 
(330 of 919 nt) genes.

Analysis of partial sequences of the NP gene shows 
98.4% sequence identity with A/mallard/Sweden/ 
124418/2010 (H4N6), NS with 93% identity with A/ 
mallard/Sweden/104690/2009 (H4N6), and PB1 with 
93.7% identity with A/mallard/Netherlands/10/1999 
(H1N8) revealing much higher sequence identity to 
known naturally occurring wild bird influenza viruses 
of the Eurasian lineage compared to the HA. However, 
the phylogenetic analyses indicated that Kz52 NS and 
PB1 sequences form a separate branch even compared 
to closely related correspondent sequences (Figures 
S1–S3). The HA sequence has been deposited in Gen-
bank database with accession number ON637239.

The Kz52 HA cleavage site was defined as 
PIKETR↓GLF (with G at position 340). Despite the 
fact that Kz52 HA showing the highest sequence iden-
tity and 3D predicted HA model similarity (Figure 3) 
with H9 subtypes, its cleavage site pattern was identi-
cal to that of the bat influenza strain A (H18N11) iso-
lated in South America [2]. The cleavage motif of Kz52 
has two basic amino acids that are seen often in low 
pathogenic H5 AIV strains. Historically, amino acid 
substitutions at positions E190D and G225D for 
H1N1 [19] and Q226L with G228S in the case of 
H2N2 and H3N2 (H3 numbering) [20] within the 
HA receptor-binding site (RBS) of all influenza viruses 
have been shown to play a key role in transition from 
avian-like to human-like terminal sialic acid receptor 
recognition. The Kz52 HA RBS has typical avian resi-
dues at the corresponding positions: E190, G225, and 
G228 but has a substitution Q226I that differed from 
the closest H9 subtype sequences that have leucine 
or glutamine at this position. In addition, the HA 
protein sequence of Kz52 has tyrosine 98 (Y98), serine 

136 (S136), tryptophan 153 (W153), and histidine 183 
(H183) forming the base of the RBS which is con-
served among all HA subtypes [21].

Six potential N-glycosylation sites (PGSs) at pos-
itions 30, 142, 193, 249, 299, and 306 in HA1, and 
one 493 in HA2 were identified. Two of those PGSs, 
at positions 193 and 249, have not been observed in 
avian and bat-origin H9 viruses [22]. None of these 
PGS affected the RBSs.

Discussion

Our knowledge regarding the circulation of AIVs in 
wild bird populations as potential donors of previous 
pandemic causing influenza viruses, the relative preva-
lence of various subtypes in different species, suscepti-
bility or resistance of different bird species to different 
genetic lineages of AIV subtypes, mainly stems from 
monitoring and surveillance studies in an extensive 
range of countries [4–11,23]. Thus, continued 
influenza monitoring of wild bird populations is 
essential to assess potential disease impact in these 
species, domestic birds, and mammals, including man.

As a result of such activities, the genomic sequence 
of a potentially novel HA subtype of AIVs was ident-
ified from a cloacal swab sample of a Common 
Pochard (Aythya ferina), A/ Common Pochard/ 
Kazakhstan/Kz52/2008. Unfortunately, due to the 
low virus load in the bird, the virus itself could not 
be isolated. Despite successful sequencing of the entire 
HA ORF, it was not possible to obtain the complete 
sequence of the Kz52 genome or further complete 
ORFs with the remaining viral genomic RNA. Never-
theless, partial sequences of other genes (NP, NS, and 
PB1) were obtained, providing some further genetic 
information.

The HA of this virus is genetically significantly 
divergent from all known AIVs, and appears to rep-
resent a separate monophyletic group established as 
a sister clade to the H9 phylogenetic branch. The H9 
HA sequence obtained from bats in Egypt is likewise 
close to the root of H9, although it is reported to rep-
resent a true H9 subtype with an identity of 73% to 

Figure 1. The complete open reading frame (ORF) of the HA gene of A/ Common Pochard/Kazakhstan/Kz52/2008 influenza virus 
(new subtype), compared to closely related H9 subtype isolates. Representative isolates for each lineage included: H9-bat: A/Bat/ 
Egypt/381OP/2017(H9N2), H9-Y280: A/Chicken/Beijing/1/97(H9N2), H9-G1: A/quail/Hong Kong/G1/97(H9N2), H9-Y439: A/Duck/ 
Hong Kong/Y439/97(H9N2), H9-N. America: A/Mallard/California/D1713634/2017(H9N2), H9-Korea: A/chicken/Korea/GH2/2007 
(H9N2).
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Figure 2. Phylogenetic analysis of Kz52 HA coding region nucleotide sequences and the representative sequences of other 
influenza subtypes using obtained from publicly available sequence datasets (GenBank). (a) The distances and (b) the correspond-
ing bootstrap values. Analysis was based on full-length coding sequence of the HA gene. Only bootstrap values >80 are shown. 
Bar represents 0.01 nt substitutions.
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avian H9 viruses [22]. The full HA coding region of 
Kz52 showed only 68.2% sequence homology with clo-
sest related H9 subtypes viruses. In addition, as the 
genetic distance on the basis of amino acid sequences 

from other known subtypes was more than 30%, in 
accordance with current AIV subtype classification 
[3,13], thus we suggest the Kz52 as a potential candi-
date for a new subtype, although antigenic 

Figure 2. Continued 
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classification is essential to confirm this, as described 
in WHO guidelines [24]. Nevertheless, this represents 
the first new avian HA sequence as substantially dis-
tinct from all other subtypes, as of the most recent 
additions, H16 AIV in 2005 [3], and two bat-origin 
influenza viruses identified a decade ago [H17, H18: 
1-2].

Since this new HA subtype remained undetected 
despite extensive AIV monitoring in wild birds, it 
is possible that the corresponding AIV may only pro-
pagate in very limited numbers of avian species, or 
there may be a strict geographic restriction. The 
intensified monitoring of wild birds at the location 
where this sample has been obtained would be a logi-
cal strategy to obtain further material for analysis of 
this new subtype candidate, including isolating the 
virus itself. A specifically designed RT-qPCR would 
aid in high throughput screening of such new 
samples and existing sample banks [25]. The sample 
was collected in the Delta of Ural River and the 
North Caspian region, one of the important areas 
for stopover, accumulation, and nesting of migratory 
birds, where the Black Sea-Mediterranean and East 
African-West Asian migratory flyways intersect. 
The retrospective confirmation of circulation of 
H16 subtype AIVs among gulls in the Northern Cas-
pian since 1976 [26] and first isolation of the H14 
subtype from this region [13] indicates that the 
Northern Caspian is one of the potential epicenters 

for emerging novel and rare influenza A virus 
subtypes.

The close phylogenetic association of Kz52 with 
bat-origin H9 sequences [22] is strikingly paralleled 
by its HA cleavage site which was similar to bat 
H18N11 influenza viruses [2] but has a typical avian 
RBS (at positions of E190, G225, and G228). However, 
the unique substitution Q226I was observed at the 
RSB key position of Kz52, while H9 subtype viruses 
mainly contain leucine (L) or glutamine (Q) at the 
position 226 [27]. Although the novel subtype hemag-
glutinin possesses avian-like RBS, experimental 
studies are necessary to determine the role of its RBS 
in host specificity.

We were not able to amplify the Neuraminidase 
(NA) gene using a range of sequencing primers pre-
viously used for all other known NAs. This may 
indicate that NA was also genetically different 
from previously identified NAs. Among three partial 
sequences of other viral segments, only NP showed 
very high genetic identity (98%) with NP of other 
circulating Eurasian AIVs in wild birds. NS and 
PB1 fragments showed approximately 93% genetic 
relatedness with other NS and PB1 of AIVs. 
Although short fragment sequencing of other seg-
ments such as NP, NS, and PB1 revealed different 
levels of genetic relatedness with commonly circulat-
ing genes in wild birds, without access to the virus 
or complete genome of the virus, a definitive con-
clusion about the genetic background of the virus 
is not possible. A small amount of original genomic 
RNA was preserved for future investigations, when 
genome sequencing techniques might permit further 
refined analysis, prior to reconstructing a replica-
tion-competent virus by reverse genetics. There are 
several Next Generation Sequencing approaches, 
which might be applied, such as the multisegment 
RT–PCR method [28], or more recent Oxford 
Nanopore minION direct RNA sequencing platform 
[29], however, the current scarcity of sample 
material is a barrier to progress. This highlights 
the need for further wildlife surveillance to provide 
new material, combined with improved detection 
with novel PCR primers. Nevertheless, we have 
cloned the HA gene into expression vectors and 
are currently devising serological tests for antigenic 
subtyping and potential subtype delineation [unpub-
lished data].

With the current intensified AIV surveillance in 
wild and domestic animals, it is probable that further 
viruses closely related to Kz52 will be detected, and 
indeed further AIV subtypes. The development of 
diagnostic kits and updating the primers for AIV 
screening using the results of the current study may 
facilitate further identification of related influenza 
viruses and aid in specific monitoring in a range of 
avian species [30]. Increasing usage of whole genome 

Figure 3. Schematics showing predicted 3D models of the 
Kz52 HA Ribbon (right) and surface (left) formats generated 
using Phyre2 software. The images show the HA1 and HA2 
subunits (green and yellow respectively), the cleavage site 
(red), and receptor-binding sites (blue).
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sequencing (WGS)/metagenomics as a diagnostic tool 
could be considered more with wild bird samples, 
which will help identify rare and divergent subtypes. 
Identification of a such divergent HA sequence of 
AIV in a Common Pochard indicates the continuing 
emergence of influenza viruses and emphasizes the 
intriguing variability of these viruses. It seems that 
the full spectrum of variability of AIV remains to be 
unravelled yet.
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