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Abstract

A novel H10N8 influenza A virus has been detected in three humans in China since December
2013. Although this virus was hypothesized to be a novel reassortant among influenza viruses
from wild birds and domestic poultry, its evolutionary path leading to human infection is
unknown. Sporadic surveillance at the live poultry market (LPM) suspected to be the source of
infection for the first HLONS8 patient has shown a gradual increase in influenza virus prevalence
culminating with a predominance of HLIONS viruses. Influenza viruses detected in the LPM up to 8
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months prior to human infection contributed genetic components to the zoonotic virus. These
H10NB8 viruses have continued to evolve within this LPM subsequent to the human infection, and
continuous assessments of these H10N8 viruses will be necessary. Serological surveillance
showed that the virus appears to have been present throughout the LPM system in Nanchang,
China. Reduction of the influenza virus burden in LPMs is essential in preventing future
emergence of novel influenza viruses with zoonotic and pandemic potential.

H10NS8; avian influenza virus; human infection; live poultry market

In December 2013, a novel H10N8 influenza virus emerged, causing three human infections
in Nanchang, China (Chen et al., 2014). Albeit it was apparent that the virus was a
reassortant with the endemic H9N2 viruses circulating in poultry in the region, the source of
the infection remained undetermined (Garcia-Sastre and Schmolke, 2014). The first index
female patient had visited a live poultry market (LPM) four days before illness onset. LPMs
have been well recognized as high-risk areas for zoonotic transmission of avian influenza
viruses (Mounts et al., 1999; Wan et al., 2011; Zhou et al., 2009).

The particular LPM that the first index case visited was in the Donghu district of Nanchang
City, a market where we have been conducting sporadic virologic surveillance since April
2013. The number of poultry retailers within this LPM ranged from 20 to 30, and a total of
around 1,500 birds were sold per day; and the number of poultry retailers and birds being
sold varied with season change and other factors. Typically about 90% of birds sold in this
market were chickens and ducks with wild birds occasionally being sold as well. Here, we
report that the epidemiological surveillance at this particular LPM is suspected to be the
source of infection for the first HLON8 case as well as the presence of H10 subtype virus
among four other LPMs in this region.

Between April 5, 2013, and January 1, 2014, we collected 361 samples from the market on
ten separate sampling occasions (Supplementary Table S1). These samples included 192
paired oropharyngeal and cloacal swabs from chickens, pheasant, guinea fowl, pigeon, and
turtle doves, as well as 122 cloacal swabs from ducks and geese. In addition, 47
environmental samples were also collected by swabbing feces in the cages and from the
floor of this LPM, especially when the samples from live birds were inaccessible.

The proportion of influenza A virus positive samples among these samples as measured by
M-gene real time PCR(WHO, 2011), increased from 4.3% on April 5, to 38.5% on August
24, and to 87.0% on December 12, 2013. The proportion of influenza A virus positive
samples, albeit still high, dropped to 48.0% on January 1, 2014, sampling. Among these M-
gene positive specimens, ten were subtyped as H7 by H7 specific real time PCR (Spackman
et al., 2002) and sixteen as H10 by H10 specific hemagglutination inhibition assays
(Supplementary Table S1).

To determine if the HLONS viruses, had been and had continued to circulate in this market,
we sequenced positive samples collected on the April, December, and January sampling
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occasions (the first index case was admitted to the hospital in late November). From the
April sampling we sequenced all five positive samples and detected H7 and H9
hemagglutinin (HA) genes in conjunction with N2 and N9 neuraminidase (NA) genes.
Although no H10 or N8 genes were detected, we found PB2, PA, NP, MP, and NS genes
were genetically similar to the human H10N8 virus. From the December sampling, we
successfully generated sequences from 44 of the 86 positive samples. Twelve samples
contained H10 genes, all of which also contained N8 genes, though some did appear to be
mixed infections containing gene segments from other viruses such as HON2. From the
January sampling results, six samples had both H10 and N8 genes (Supplementary Table
S2).

The presence of mixed infections makes it difficult to determine the exact genotypes of the
viruses circulating. For example, there were sixteen samples that contained H10 genes,
twelve that contained H9 genes, two that contained H6 genes, and three that contained two
genes (two H10/H9 and one H7/H9). Among the sixteen samples that contained H10
viruses, only two were of the N8 subtype; the remaining fourteen samples were mixed
infections with both N2 and N8 NA genes present. The two mixed H10/H9 samples had both
N2 and N8 NA genes as well. Besides the mixed HA and NA samples, 12 had at least two
copies of the same gene segments, such as PB2, PB1, NP, MP, and NS, and these segments
were genetically distinct. Of the 57 samples sequenced, 25 samples were determined to have
at least two genetically distinct influenza viruses.

Phylogenetic analyses of the generated sequences showed that eighteen H10 and nineteen
N8 genes were present with these genes forming a monophyletic clade with the
corresponding genes of the human H10N8 virus (Figure 1). The H10 and N8 genes were
genetically close to those of viruses isolated from migratory birds: H10 from the Eurasian
lineage and N8 from the North American lineage. In contrast, the internal genes sequenced
were closer to those genes derived from avian influenza viruses circulating in domestic
poultry with some also being similar to those present in the human H10N8 virus (Figure 2).
These data confirm that nucleotide sequences of the viruses more than 99% identical to
those of the human H10NS8 virus were circulating in this LPM, supporting the likelihood that
the zoonotic transmission had occurred here.

The diversity of internal genes detected revealed that multiple distinct viruses were
circulating in this individual LPM. The PB2 genes were clustered into seven distinct genetic
lineages, PB1 into five, PA into four, NP into six, MP into six, and NS into three (Figure 2).
Among these genes, PB2 from these eighteen samples alone belong to five distinct genetic
lineages. In contrast, NP, MP, and NS of these samples with H10 genes were similar. None
of the internal genes of these HLON8 samples were unique from those found in H9 and other
subtypes of influenza A viruses from this LPM. The genetic lineages from the samples
collected on April 5, 2013, were surprisingly active in these emerging H10 viruses in
December 2013.

The residues at the receptor binding sites of the H10 proteins encoded by the identified
genes from this market were identical to those in the human H10NS8 isolate, and the majority
of these sites except 128 (137, H3 position) and 181 (193, H3 position) were shown to be
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divergent from those H10 avian viruses from public databases: the emerging H10 viruses
had R128 (100%) and 1181(61%) while those in public databases were predominantly K
(67.8%) and T(97.7%), respectively (Supplementary Tables S3 and S4). The human H10N8
isolate has R128 and T181. The impact of 1181T on host or tissue tropism of the HLONS
virus is unknown, nevertheless, the receptor binding properties are predicted to be avian-like
(Chen et al., 2014).

Analysis of NA gene sequences (Supplementary Table S4) suggests that these viruses are
sensitive to oseltamivir and other neuraminidase inhibitors (Hurt et al., 2009). However,
94.1% of the M2 sequences have S31N(Hay et al., 1985) (Supplementary Table S4)
indicating that they are resistant to amantadine, as is the human H10N8 isolate (Wan et al.,
2013). All PB2 genes had E627 whereas the PB2 gene of the human H10N8 isolate had
K627, a marker of mammalian adaptation(Shinya et al., 2004) (Supplementary Table S4).

That we were able to detect the HLONS virus in December and early January following
human infection raised the question of how widely this virus might be spread within LPM in
the region. To estimate this, we conducted serologic surveillance within four additional
LPMs in Nanchang city. We collected a total of 800 sera from chickens and ducks from five
LPMs, from February 25, 2014, to March 27, 2014 (Figure 3). These five LPMs cover a
geographic area of about 160 square kilometers and the major metropolitan area of
Nanchang. Using hemagglutination inhibition assays with a HLONS virus isolated from the
surveillance described above and a cutoff of 1:20, we found that 9.4% of the 800 sera were
positive. The H10 positive sera were distributed across all five sampled LPMs and from both
ducks and chickens. The highest H10 positive percentile on a single market and a single
sampling period (34.0%) was detected on March 9, at LPM A, which the index patient
visited. Of note, LPM B located across the Gan River from LPM A, had close to 50% H10
positivity by the end of March. These data showed that H10 viruses were widespread in the
region’s LPMs. Although we are unable to determine from these serologic studies the exact
nature of the H10 virus, two further human cases with the HLONS virus in Nanchang (in
January and February 2014) are consistent with it being the zoonotic virus. Of these two
additional human cases, the second human case was documented with a visit to a local LPM
prior to illness onset whereas the exposure history of the third human case was unclear.

In summary, we show here that the LPM visited by the index HLON8 female patient was
very likely the source of her infection and that the virus appears to have been present
throughout the LPM system in Nanchang, China. However, the findings in this study were
limited by the small number of samples we collected and by the fact that the HLION8 virus
prior to the emergence of the first human case was lack. It is still unclear whether these
H10NB8 viruses were generated in the LPM or prior to being introduced into the LPM
system. Continuous influenza surveillance is needed to monitor the epidemiology of this
novel H10NS8 virus in Nanchang as well as those areas that share poultry movements with
Nanchang. In addition to those minor poultry species, there are a variety of chicken and
duck species in the LPM; further studies will be needed to identify the reservoir for the
H10NS8 virus among these bird species, and such information will be useful for developing
effective strategies for prevention and control of the H1ONS virus at the LPM.
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Avian influenza viruses were identified in LPMs in China many decades ago. The first
HINZ2 low pathogenic avian influenza virus was initially isolated from domestic poultry in
1994 (Guo et al., 2003), and has since been found to be endemic in domestic poultry in
China (Li et al., 2005). Besides infecting poultry, this HON2 virus has caused sporadic
infections in humans (Cheung et al., 2007; Yoon et al., 2005). The HIN2 virus has
undergone rapid evolution, and contemporary HIN2 viruses are both genetically and
antigenically diverse (Choi et al., 2004; Chu et al., 2011; Cong et al., 2007; Liu et al., 2003).
The internal genes of HIN2 viruses contributed largely to the genomic diversity of HSN1
highly pathogenic avian influenza viruses in China (Guan et al., 2000; Lin et al., 2000). The
recent emergence of H7N9 low pathogenic avian influenza viruses in Yangze Delta has six
genes derived from HON2 viruses, and mixed infections with H7N9 and HON2 were very
common (Gao et al., 2013; Liu et al., 2013).

This study suggested further that novel H1ON8 influenza A virus were frequently co-
infected with HON2 viruses, and their internal gene constellations were similar to each other.
It seems that this diverse genetic pool is potentially more dangerous than any other single
virus. With any chance to interact with other subtypes of HA and NA genes, novel
reassortants could emerge, including some antigenically distinct from those contemporary
human influenza viruses. These emerging viruses, including H5N1, H7N9, HIN2, and
H10NS8, have posed and will continue to pose potential threats to public health.

A large influenza vaccine campaign against highly pathogenic H5N1 viruses has been
conducted in China since 2004. HON2 vaccines have also been distributed to domestic
poultry farms but their implementation has been comparatively less effective. With the
substantial subtype and genetic diversity of viruses within LPMs, vaccination is not a
realistic strategy to reduce the levels of virus circulation and subsequent zoonotic infections.
Other intervention strategies must, therefore, be used to control viral flow into the LPMs. As
it seems impossible to close all LPMs simultaneously, more practical policies and
approaches such as routine surveillance and regular market disinfection should be urgently
implemented.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

1. Our surveillance showed that the live poultry markets were likely the infection
source of H1ONS8 influenza virus;

2. H10NS8 virus appears to present throughout the live poultry market system in
Nanchang, China.
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Figure 1. Phylogenetic analysis of H10 (A) and N8 (B) genes recovered from the samples collected
from the LPM which the index patient visited

The phylogenetic analyses were performed using maximum likelihood by GARLI (Gutell
and Jansen, 2006) and bootstrap resampling analyses using PAUP* 4.0 Beta (Wilgenbusch
and Swofford, 2003) to apply a neighborhood joining method, as described earlier (Wan et
al., 2008). The genes from this surveillance are marked in red, and those from the human
H10NS8 isolate in green. The bootstrap values for representative lineages are marked.
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b{PB1}

Figure 2. Phylogenetic analysis of PB2 (A), PB1 (B), PA (C), NP (D), MP (E), and NS (F) genes
recovered from the samples collected from the LPM which the index patient visited

The details of these genes are shown in Supplementary Table S2. The genes from this
surveillance are marked in red, and those from the human H10N8 isolate in green. The
bootstrap values for representative lineages are marked.
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Figure 3. Distribution of H10 seropositive samples collected from February 25 to March 27, 2014
and across five LPMs in Nanchang city

The seropositive samples were determined by hemagglutination inhibition assays with a
H10NS8 virus isolated from the surveillance described above and a cutoff of 1:20. LPM A
was the one that the first index HLONS patient visited in November 2013. The highest H10
positive percentile in a single sampling period was marked for each LPM.
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