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We report infection of humans with highly pathogenic avian
influenza A(H7N9) virus in Shaanxi, China, in May 2017.
We obtained complete genomes for samples from 5 pa-
tients and from live poultry markets or farms in 4 cities. Re-
sults indicate that H7N9 is spreading westward from south-
ern and eastern China.

vian influenza A(H7N9) virus caused 5 waves of hu-

man infection in China from its emergence in 2013
(1) through May 17, 2017. During that period, 1,564 lab-
oratory-confirmed human cases and 612 deaths were re-
ported; about half occurred during the fifth wave (2). The
fifth wave not only infected many more persons but also
spread north; previous H7N9 outbreaks had been docu-
mented only in eastern and southern China. Moreover, vi-
ruses recently isolated from human case-patients in Guang-
dong Province (A/Guangdong/17SF003/2016 and A/
Guangdong/17SF006/2017) in southern China have been
confirmed as highly pathogenic avian influenza (HPAI)
A(H7NO) viruses, on the basis of their molecular (3) and
biologic (4) characteristics.

We report cases of human infection with H7N9 vi-
rus, including in 1 person who was infected with a highly
pathogenic variant, in Shaanxi Province, western China,
during April and May 2017. We obtained complete genome
sequences of H7N9 viruses from 5 patients and from 21
environmental samples obtained from live poultry markets
(LPMs) and from poultry farms in 4 cities.
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The Study

A case of HPAI H7N9 virus infection in a human from
Shaanxi Province was identified in the city of Yulin on
May 26, 2017. On day 1 of illness onset, fever and fa-
tigue developed; after 2 days, the patient received medi-
cal attention. On day 4, the patient was admitted to an
intensive care unit, and on day 6, HPAI H7N9 infection
was laboratory confirmed. After treatment with oselta-
mivir, the patient recovered. An additional 4 cases of
infection with low pathogenicity avian influenza (LPAI)
A(H7N9) virus among humans were identified during
April 30-May 13, 2017, in Shaanxi Province: 2 in Xian-
yang, 1 in Baoji, and 1 in the capital city, Xi’an. Record-
ed symptoms included fever (100%); cough and fatigue
(75%); and productive cough, diarrhea, and shortness of
breath (50%). Patients received medical attention at an
average of 3.75 (range 1-5) days after illness onset and
were admitted to a hospital at an average of 6 (range 4—8)
days after onset. Samples were laboratory confirmed as
H7N9 virus at an average of 9 (range 6-14) days after
onset. Of the 5 patients, 4 were treated with oseltamivir;
2 of those died.

Respiratory tract specimens (throat swab or sputum
sample) were collected from patients and transferred to the
national laboratory at the Chinese Center for Disease Con-
trol and Prevention (China CDC) for confirmation. Viral
RNA was extracted from each sample by using nucleic acid
isolation magnetic beads, according to the manufacturer’s
instructions (TianLong Science and Technology Co. Ltd.
Xi’an, China). Avian influenza virus H7 and N9 gene seg-
ments were detected in the total RNA by using an H7N9
dual-channel Tagman probe reverse transcription PCR kit
(BioPerfectus Co. Ltd. Taizhou, China).

During May 2017, we collected 496 environmental
samples (poultry feces and poultry cage swabs from LPMs
and poultry farms) from 4 cities (Xi’an, Baoji, Xianyang,
and Yuli) in Shaanxi Province (online Technical Appendix
Table 1, https://wwwnc.cde.gov/EID/article/24/6/17-1135-
Techappl.pdf). A total of 14 samples from LPMs were
positive for H7NO virus.

We extracted total RNA from the patient respira-
tory specimens and from H7N9-positive environmental
samples and sequenced avian influenza virus genomes by
using next-generation sequencing on an I[llumina MiSeq
(Illumina Inc., Shanghai, China). Sequence comparisons
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showed that the viruses we isolated from 1 patient in Yulin
and from the 15 environmental samples had the same poly-
basic (PB) amino acid sequence (PEVPKRKRTAR/GL) at
the hemagglutinin (HA) cleavage site as that in previously
confirmed HPAI H7NO viruses (A/Guangdong/17SF003,
A/Guangdong/17SF006, and A/Taiwan/1/2017) (3-5), in-
dicating that the viruses we isolated are also HPAI viruses.
In addition, the HPAI viruses we isolated appear to have
inherited the HA amino acid mutation G186V from LPAI
viruses and reverted to 226Q from 226L, as observed in
previously confirmed HPAI H7NO viruses (4—6). Because
G186V and Q226L indicate an increased level of binding
to human-type influenza receptors (7,8), the ability of the
HPALI viruses we isolated here to infect humans is likely
similar to that of previously reported HPAI H7N9 viruses.
Furthermore, the HA genes of all Shaanxi HPAT H7N9 vi-
ruses we isolated were >99% identical to those of previ-
ously isolated HPAT H7NO viruses.

We analyzed each of 8§ gene segments of H7N9 vi-
ruses by using phylogenetic methods, together with avail-
able sequences from the GISAID EpiFlu database (http://
platform.gisaid.org/; accession numbers in online Techni-
cal Appendix Table 3). The HA and neuraminidase (NA)
phylogenies indicate that the viruses isolated in Shaanxi
belong to clade W2-C (9). In the HA tree (Figure 1; on-
line Technical Appendix Figure 1), the 16 HPATI H7N9 vi-
ruses we isolated clustered with previously detected HPAI
H7NO viruses from Guangdong Province. The HA gene of
the Shaanxi HPAI H7N9 viruses has a common ancestor
with the Guangdong HPAI H7N9 viruses, indicating that
HPAI H7NO viruses have spread from Guangdong to other
provinces (online Technical Appendix Figure 2, panel B).
Further, the 7 LPAI H7NO viruses we identified in Shaanxi
Province clustered with LPAI H7NO viruses isolated from
various districts in eastern (Anhui, Fujian, Zhejiang, Ji-
angsu), central (Chongqing, Henan, Hunan, Hubei), and
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Figure 1. Detail of highly
pathogenic avian influenza
A(H7N9) viruses isolated from
human and environmental
sources, Shaanxi Province,
China, 2016-2017, showing
Shimodaira-Hasegawa-like
local bootstrap support values.
Amino acid changes within the
hemagglutinin cleavage site are
indicated on basal branches.
The low pathogenicity

strain A/Environment/
Guangdong/15120/2016 is
used as an outgroup. Colors
indicate sampling locations

of the H7N9 viruses obtained
in this study: red, Yulin;

blue, Baoji; orange, Xi'an.

An expanded version of this
figure showing comparisons to
reference viruses is available in
online Technical Appendix
Figure 1 (https://wwwnc.
cdc.gov/ElD/article/24/6/17-
1135-Techapp1.pdf). Scale
bar indicates amino acid
substituions per site.
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southern (Guangxi, Guangdong, Hong Kong) China, indi-
cating that LPAT H7NO viruses have been spreading from
eastern and southern China into western China (Figure 2).
In the NA phylogeny, the phylogenetic positions of the NA
genes of all viruses we sequenced were similar to those
observed in the HA phylogeny (online Technical Appen-
dix Figure 2). Phylogenies of the 6 internal genes (online
Technical Appendix Figure 3) show that the viruses from
Shaanxi Province belong to clades 1 and 2 (9) of the ZJ-
HJ/07 lineage of HON2 viruses (/0) (online Technical Ap-
pendix Table 2).

Phylogenetic analyses of HA and NA gene segments
reveal that the viruses obtained from human cases in Yulin
and Baoji were genetically similar to those from envi-
ronmental samples collected from local farms or LPMs
in Yulin and Baoji (online Technical Appendix Figure 1,
panel A; online Technical Appendix Figure 2), suggesting
that the human H7N9 infections are related to viruses cir-
culating in local farms or LPMs. This hypothesis is also
supported by most internal gene segments, except for the
NS segments of viruses from Yulin (no internal gene seg-
ments were obtained for isolate A/Environment/Shaanxi/
BJ2/2017 sampled in Baoji). Most of the gene segments of
the viruses from human cases in Baoji and Xianyang were
similar to those of A/Environment/Shaanxi/XA4/2017, the
virus isolated from LPMs in Xi’an (with the exception of
PB1 from the human case in Baoji and PB2, PB1, and ma-
trix of the viruses from human cases in Xianyang). The NS
and polymerase acidic segments of the LPAI virus from a
human case in Xi’an (A/Shaanxi/XA1/2017) were geneti-
cally similar to the HPAI viruses we isolated; other gene
segments were close to LPAI viruses from Anhui Province
in southern China.
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Figure 2. Geographic distribution of the avian influenza A(H7N9)
viruses isolated in Shaanxi Province, China, 2016-2017 (solid
circles), and of HPAI H7N9 viruses detected in other provinces of
China (open circles).
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Conclusions

We report emerging HPAI H7N9 variants in Shaanxi Prov-
ince, western China. Our phylogenetic analyses support
that the LPAI H7NO viruses in Shaanxi Province originated
from eastern and southern China, and the Shaanxi HPAI
H7N09 isolates probably originated in Guangdong Province
and were transmitted either directly or indirectly through
other provinces.

Our results provide evidence that H7NO viruses infect-
ing humans in Shaanxi Province derived, directly or indi-
rectly, from strains circulating in local farms and LPMs.
Previous studies suggest that poultry trade between LPMs
may play a key role in spreading H7N9 viruses (/7). Simi-
larly, we hypothesize that live poultry or poultry product
transport may facilitate the spread of HPAI H7N9 viruses
out of Guangdong Province and within Shaanxi Province.
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