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To the Editor: Avian influenza A viruses generally 
do not cause disease in aquatic birds, the natural reservoir 
of these viruses (1). Influenza A(H5N6) was first isolated 
from mallards by García et al. in 1975 (2). Influenza vi-
ruses continue to evolve and reassort to generate novel, 
highly pathogenic viruses. Novel H5 highly pathogenic 
avian influenza virus subtypes, such as H5N2, H5N5, 
and H5N8, have been reported (3,4). Highly pathogen-
ic influenza A viruses are endemic to many countries  
(http://www.oie.int/en/animal-health-in-the-world/up-
date-on-avian-influenza/2015/), cause tremendous eco-
nomic losses to the poultry industry, and represent a seri-
ous threat to public health.

In March 2014, an influenza A(H5N6) outbreak 
caused the death of 457 birds in Laos (http://www.oie.
int/wahis_2/public%5C..%5Ctemp%5Creports/en_
imm_0000015052_20140507_182757.pdf). During the 
same month, a flock of ducks in Guangdong Province in 
southern China exhibited typical respiratory signs of influ-
enza A virus infection. This flock also had 70% decreased 
egg production and a slightly increased mortality rate. 
Throat swab specimens were taken from the symptomatic 
and dead ducks, and the samples were used to inoculate 
chicken embryos for virus isolation. Hemagglutination 
(HA) and neuraminidase (NA) inhibition assays were per-
formed to identify the subtype of the isolated virus, which 
was designated A/duck/Guangdong/GD01/2014 (H5N6) 
(GD01/2014). The complete RNA genome was amplified 
by reverse transcription PCR and cloned into the pMD-19T 
vector for sequencing (5). The complete genome sequence 
of the GD01/2014 virus was submitted to GenBank (acces-
sion nos. KJ754142–KJ754149).

Multiple-sequence alignments showed that the HA 
gene of GD01/2014 shared 97.5% nt identity with A/
wild duck/Shandong/628/2011 (H5N1) and NA genes 

shared 96.6% and 98.3% nt identity with A/swine/Guang-
dong/K6/2010 (H6N6) and A/duck/Shantou/1984/2007 
(H6N6), respectively. All internal genes shared high levels 
of nucleotide identity (97.6%–98.5%) with A/wild duck/
Fujian/2/2011(H5N1). The whole genes of GD01/2014 
and the H5N6 viruses in Laos (LAO/2014) shared 
98.2%–99.7% nt identity, indicating the same genotype. 
Phylogenetic analysis of the HA gene revealed that the 
isolated virus belonged to clade 2.3.4.6 (online Technical 
Appendix Figure, panel A, http://wwwnc.cdc.gov/EID/
article/21/7/14-0838-Techapp.pdf) (6). The NA gene of 
GD01/2014 was clustered with some H6N6 viruses circu-
lating in China (online Technical Appendix Figure, panel 
B). The 6 internal genes of GD01/2014 were closely re-
lated with A/wild duck/Fujian/2/2011(H5N1) and A/wild 
duck/Fujian/1/2011(H5N1) (online Technical Appendix 
Figure, panels C–H). Phylogenetic analysis showed that 
all 8 genes of GD01/2014 and LAO/2014 were closely 
related although genetically distant from the earlier iso-
lated H5N6 viruses (online Technical Appendix Figure). 
These findings suggest that GD01/2014 and LAO/2014 
are reassortants of wild duck H5N1 and H6N6 viruses, 
both of which have pathogenic and potential pandemic ca-
pacity in southern China. A previous report that H5N1 and 
H6N6 co-infected a duck suggests that GD01/2014 might 
be generated from the co-infection of H5N1 and H6N6 in 
the same host (7).

The intravenous pathogenicity index of GD01/2014 
was 3.0, which indicates that the isolate is highly patho-
genic for chickens. GD01/2014 had multiple basic amino 
acids (LRERRRKR/GLF) at the cleavage site between 
HA1 and HA2; this characteristic is typical of highly viru-
lent influenza viruses (8). The HA protein contained E190, 
R220, G225, Q226, and G228 (H3 numbering) residues 
at the receptor-binding pockets, indicating that the virus 
preferentially binds to the sialic acid-2,3-NeuAcGal of 
the avian-like receptor (9). The HA protein has 7 poten-
tial N-glycosylation sites (PGSs); the HA1 protein has 5 
PGSs; the HA2 protein has 2 PGSs. The NA protein of 
GD01/2014 and LAO/2014 had a deletion of 11 aa residues 
at positions 59–69 (N6 numbering) in the NA stalk region. 
Moreover, a deletion of 5 aa residues from positions 80–84 
in the nonstructural 1 protein was found in GD01/2014 and 
LAO/2014. The position 627 and 701 of the polymerase 
basic 2 protein were E and D, respectively, characteristics 
of the avian influenza virus (10)

In summary, in 2014, outbreaks of H5N6 virus oc-
curred in China, Laos, and Vietnam and caused the 
deaths of infected humans in Sichuan province, China  
(http://www.oie.int/en/animal-health-in-the-world/update-
on-avian-influenza/2014/; http://www.wpro.who.int/china/
mediacentre/releases/2014/20140507/en/). We characterized 
the novel reassortant H5N6 virus in China and found that it 
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was the same genome type as and was highly homologous 
with the H5N6 virus in Laos. The findings in this study are 
also supported by the previous genetic characterization of 
these viruses by Wong et al. (11). However, the adaptation, 
host range, and virulence of this reassortant H5N6 virus are 
still unclear and should be further investigated. Furthermore, 
the potential for infection, outbreaks, and pandemic in other 
poultry and mammals should be carefully monitored.
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To the Editor: Prokaryotes typically have a single cir-
cular chromosome. However, some bacteria have >1 chro-
mosome. Vibrio bacteria, for example, have 2 circular chro-
mosomes: 1 (Ch1) and 2 (Ch2) (1–3). Most recognizable 
genes responsible for essential cell functions and pathoge-
nicity are located on Ch1. Ch2 is also thought to encode 
some genes essential for normal cell function and those 
associated with virulence. Both chromosomes are con-
trolled coordinately in their replication and segregation (4). 
Evidence suggests that Ch2 was originally a mega-plasmid 
captured by an ancestral Vibrio species (2,5). We report the 
characterization of recent isolates of V. cholerae O1 from 
Thailand that carry a novel gigantic replicon (Rep.3) in ad-
dition to Ch1 and Ch2.

Cholera outbreaks occurred in Tak Province, Thailand, 
during March–December 2010. We obtained 118 isolates of 
V. cholerae O1 and subjected their NotI digests to pulsed-
field gel electrophoresis (PFGE), which differentiated the 
isolates into 8 different patterns (6). The profile of PFGE type 
A6 was identical to that of PFGE type A4, except that a large 
DNA band existed in type A6. The PFGE profile of the intact 
(undigested) DNA of the type A6 isolates exhibited a unique 
genome structure consisting of 3 large replicons (Figure, 
http://wwwnc.cdc.gov/EID/article/21/7/14-1055-F1.htm).

Three isolates of PFGE type A6 (TSY216, TSY241, 
and TSY421) were obtained during June 3–July 5, 2010, 
from 3 unrelated residents of a village near the Thailand–
Myanmar border. The isolates were classified as multilocus 
variable-number tandem-repeat analysis type 16, suggest-
ing that they are of clonal origin (6). Next, we performed 
whole-genome sequencing of TSY216, as a representative 
of PFGE type A6 isolates, by using the GS FLX Titanium 
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Technical Appendix 

Technical Appendix Figure (following pages). Phylogenetic relationship of genes of 

A/duck/Guangdong/GD01/2014 (H5N6), a novel virus isolated from ducks in Guangdong Province in 

southern China during March 2014, compared with reference strains from GenBank. Phylogenetic 

relationship of specific genes are shown by panel: A) HA, hemagglutinin; B) NA, neuraminidase; C) PB2, 

polybasic protein 2; D) PB1, polybasic protein 1; E) PA, polymerase acidic protein; F) NP, nucleocapsid 

protein; G) M, matrix protein; H) NS, nonstructural protein. Triangles indicate the virus characterized in this 

study. Circles indicate other H5N6 viruses available in GenBank. The tree was constructed by using the 

neighbor-joining method of MEGA5.05 (www.megasoftware.net/) with 1,000 bootstrap replicates. 
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