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enzymes involved in glucose and cholesterol me-
tabolism between the various intestinal seg-
ments of RYGB-treated rats and corresponding
segments of the intestine of sham-operated rats.
A gradient in the change in RNA levels of key
factors and enzymes involved in glucose uptake
and utilization and in cholesterol biosynthesis
and uptake was observed along the altered nu-
trient flow path in the intestine of RYGB-treated
rats (figs. S11 and S12). The highest increase was
detected in the Roux limb, which is exposed to
undigested nutrients, but no change was found in
the biliopancreatic limb, which is exposed to the
gastric, hepatic, and pancreatic secretions but no
nutrients, or in the distal common limb, which is
exposed to fully digested nutrients.

The effectiveness of RYGB in the resolution
of type 2 diabetes attests to the important role
of the gastrointestinal tract in glycemic control.
Most studies have attributed the improved glu-
cose metabolism to a number of advantageous
changes in the levels of gastrointestinal hormones
that control glucose homeostasis and occur after
RYGB, with enhanced postprandial glucagon-
like peptide-1 (GLP-1) secretion being cited as
the most important (3, 8, 24). However, the pri-
mary role of GLP-1 as a mediator of the beneficial
effect of RYGB on glycemic control is debated
(25, 26). It has also been reported that release of
glucose, via intestinal gluconeogenesis, into the
portal vein of mice that underwent enterogastric
anastomosis (EGA), resulted in improved insulin
sensitivity of hepatic glucose production; thus, it
has been hypothesized that intestinal gluconeo-
genesis could account for the improvement in
glucose homeostasis after RYGB (27). It should
be noted that EGA is not similar to RYGB, be-
cause the Roux-en-Y configuration is not con-
structed and no intestinal segment is representative
of the Roux limb. Also, two recent reports in
obese diabetic animals and in humans with
type 2 diabetes and our study did not find evi-
dence for induction of intestinal gluconeogenesis
after RYGB (28, 29). A decrease in intestinal
glucose absorptive capacity due to the exclusion
of the duodenum after RYGB has also been pro-
posed as a mechanism underlying the improve-
ment in glycemic control (11), but other studies
have found that RYGB does not suppress glucose
absorption from the intestinal lumen (10, 30–32).

Our study shows that changes in the metab-
olism of the Roux limb itself may play a direct
role in the improvement in glucose homeostasis
after RYGB. We report that the Roux limb ex-
hibits reprogramming of intestinal glucose me-
tabolism to meet the increased bioenergetic
demands of intestinal remodeling. We show that
intestinal remodeling and reprogramming of in-
testinal glucose metabolism are triggered by the
exposure of the Roux limb to undigested nutri-
ents. We demonstrate that reprogramming of in-
testinal glucose metabolism renders the intestine
amajor organ for glucose disposal, contributing
to the improvement in glycemic control after RYGB.
Enhancing intestinal glucose uptake and utiliza-

tion could offer an opportunity to regulate whole-
body glucose disposal and improve glycemic
control in type 2 diabetes. Exploitation of the
changes that occur in intestinal metabolism after
RYGB could represent an approach to bypass the
bypass, that is, to replace the gastric bypass by
equally effective, but less invasive, treatments for
obesity-related diabetes.
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H7N9 Influenza Viruses Are
Transmissible in Ferrets by
Respiratory Droplet
Qianyi Zhang,1,2* Jianzhong Shi,1* Guohua Deng,1* Jing Guo,1* Xianying Zeng,1* Xijun He,1
Huihui Kong,1 Chunyang Gu,1,2 Xuyong Li,1 Jinxiong Liu,1 Guojun Wang,1,2 Yan Chen,1 Liling Liu,1
Libin Liang,1 Yuanyuan Li,1 Jun Fan,1 Jinliang Wang,1 Wenhui Li,1 Lizheng Guan,1 Qimeng Li,1,2
Huanliang Yang,1 Pucheng Chen,1 Li Jiang,1 Yuntao Guan,1 Xiaoguang Xin,1 Yongping Jiang,1
Guobin Tian,1 Xiurong Wang,1 Chuanling Qiao,1 Chengjun Li,1 Zhigao Bu,1 Hualan Chen1,2†

A newly emerged H7N9 virus has caused 132 human infections with 37 deaths in China since
18 February 2013. Control measures in H7N9 virus–positive live poultry markets have reduced the
number of infections; however, the character of the virus, including its pandemic potential, remains
largely unknown. We systematically analyzed H7N9 viruses isolated from birds and humans. The viruses
were genetically closely related and bound to human airway receptors; some also maintained the ability
to bind to avian airway receptors. The viruses isolated from birds were nonpathogenic in chickens, ducks,
and mice; however, the viruses isolated from humans caused up to 30% body weight loss in mice. Most
importantly, one virus isolated from humans was highly transmissible in ferrets by respiratory droplet.
Our findings indicate nothing to reduce the concern that these viruses can transmit between humans.

The influenza A virus genome comprises
eight genes: basic polymerase 2 (PB2),
basic polymerase 1 (PB1), acidic polymer-

ase (PA), hemagglutinin (HA), nucleoprotein (NP),

neuraminidase (NA),matrix (M ), and nonstructural
protein (NS). On the basis of differences in the
antigenicity of the two surface glycoproteins, HA
and NA, influenza Aviruses are categorized into
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different subtypes. Currently, 17 HA subtypes
and 10 NA subtypes have been identified. All sub-
types were identified initially from avian species,
except for the H17N10 subtype, which was found
in bats (1).

Animal influenza viruses continue to present
a challenge to human health. On 31 March 2013,
the National Health and Family Planning Com-
mission of China announced that human infec-
tions with a previously undescribed influenza A
(H7N9) virus had occurred in Shanghai andAnhui
province, China. Additional infections were sub-
sequently reported in seven other provinces. As
of 30May, 132 human infections have been iden-
tified, 37 of which were fatal (2). Because the
H7N9 virus has not previously been detected in

humans or other animals, the situation raises many
urgent questions and global public health con-
cerns. We performed active surveillance in ani-
mals to identify the source of human infection and
evaluated the virulence and transmission potential
of H7N9 viruses isolated from birds and humans
in poultry and mammalian models.

To investigate the possible origins of theH7N9
viruses that caused these human infections, we
collected 10,703 samples from poultry mar-
kets, poultry farms, wild bird habitats, and poul-
try and swine slaughterhouses in Shanghai and in
Anhui, Zhejiang, Jiangsu, Shandong, Hubei,
Henan, Jiangxi, Guangdong, Fujian, and Hunan
provinces from 30 March to 2 May 2013 (3).
All samples were inoculated individually into
10-day-old embryonated chicken eggs for virus
isolation; 136 Newcastle disease viruses and
238 influenza viruses were isolated from these
samples, of which 52 viruses were confirmed
as the H7N9 subtype (table S1). Except for one
virus isolated from a homing pigeon farm and
one virus isolated from a wild pigeon, all of the
H7N9 viruses were isolated from samples col-
lected from live poultry markets (4) (table S1).

To understand the genetic relationship of these
viruses, we fully sequenced the genome of 37
representative H7N9 viruses that came from dif-
ferent bird species, markets, and locations in the
markets for the environmental samples (table S1)
and compared the sequences with those of the
five human isolates that have been reported

(5, 6). The genome similarities of the 37 avian vi-
ruses and four human viruses were comparedwith
the human isolateA/Anhui/1/2013 (AH/1) as shown
in table S2. TheHA genes and NA genes of these
41 H7N9 viruses shared 99.29 to 100% homol-
ogy and 99.36 to 99.93% homology, respective-
ly, with those of the AH/1 virus at the nucleotide
level and were closely clustered in the phyloge-
netic tree (table S2 and fig. S1, A and B). The
PB2, PB1, PA, NP, M, and NS genes of the 41
viruses shared 96.67 to 99.96%, 96.79 to 99.96%,
97.95 to 99.95%, 97.66 to 100%, 97.66 to 100%,
and 97.61 to 100% homology, respectively, at
the nucleotide level, with those of AH/1 virus,
indicating that the internal genes of the H7N9
viruses are more diverse than their HA and NA
genes and that the viruses are still subject to fre-
quent reassortment and rapid evolution. Of note,
in the phylogenetic trees, the six internal genes of
the H7N9 viruses were mixed with those of the
H9N2 viruses that were previously found in chick-
ens in Shanghai, Zhejing, Jiangsu, Anhui, and
Shandong provinces and in a brambling in Beijing
(fig. S1, C to H).

Two amino acids in PB2, lysine at position
627 (627K) (7) and 701N, are important for in-
fluenza virulence and transmission in mammals
(8–11). A detailed comparison of the amino acid
differences among the H7N9 viruses indicated
that all of the viruses isolated from birds or the
environment had the amino acid combination
627E/701D in their PB2; however, all of the

1State Key Laboratory of Veterinary Biotechnology, Harbin Vet-
erinary Research Institute, Chinese Academy of Agricultural Sci-
ences, Harbin 150001, People’s Republic of China. 2College of
Veterinary Medicine, Gansu Agricultural University, Lanzhou
730030, People’s Republic of China.

*These authors contributed equally to this work.
†Corresponding author. E-mail: chenhualan@caas.cn

Fig. 1. Characterizationof the receptor-binding
properties of H7N9 viruses. The binding of the
viruses to four different biotinylated glycans (two
a-2,3 glycans, blue and Cambridge blue; two a-2,6
glycans, red and pink) was tested. (A) CK/S1053;
(B) CK/S1410; (C) PG/S1069; (D) PG/S1421; (E)
SH/1; (F) SH/2; (G) AH/1. Data shown are themean of
three repeats; the error bars indicate the standard
deviations. Significant differences were detected be-
tween the affinity of each two of the four glycans with
two exceptions: (i) no significant difference was de-
tected between the affinities to 3′SLN and 3′S-Di-LN
of the CK/S1053 virus (a), and (ii) no significant dif-
ference was detected between the affinities to 3′S-Di-
LN and 6′S-Di-LN of PG/S1069 virus (b).

Fig. 2. Replication of H7N9 viruses inmice. Virus titers in organs of mice on day 3 p.i. with 106 EID50
of the test virus. (A) CK/S1053; (B) PG/S1069; (C) PG/S1421; (D) SH/1; (E) SH/2; (F) AH/1. The data shown
are the mean T standard deviation for each group. a, P < 0.01 compared with the corresponding value for
the SH/1-, SH/2-, or AH/1-inoculated group; b, P < 0.01 compared with the corresponding value for the
PG/S1421-inoculated group; c, P < 0.05 compared with the corresponding value for the PG/S1069-
inoculated group; d, P< 0.05 compared with the corresponding value for the PG/S1421-inoculated group;
e, P < 0.05 compared with the corresponding value for the SH/1-, SH/2-, or AH/1-inoculated group. The
dashed lines indicate the lower limit of detection.
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human isolates had either 627K or 701N in their
PB2 (table S3), suggesting that the PB2 627K or
701N mutations may have occurred during rep-
lication of the virus in humans.

The receptor-binding preference of HA has im-
portant implications for influenza virus replication
and transmission (12–16). The HA of human-
infective influenza subtypes preferentially recog-
nizes a-2,6-linked sialic acids (SAs) (humanlike
receptors), whereas the HA of avian-infective influ-
enza subtypes preferentially recognizes a-2,3-linked
SAs (avian-like receptors) (15,17).Mutations at 158D
or 160A (H3 numbering used throughout), which
result in the absence of glycosylation at position
158 to 160 in HA, combined with mutations at
224K and 226L or at 226L and 228S are impor-
tant for H5N1 avian influenza virus binding to
a-2,6-linked SAs (10, 14). All 42 of the H7N9
viruses isolated from poultry markets and hu-
mans had conserved 160A, 224N, and 228G in
their HA; 36 isolates had 226L, one had 226I,
and the remaining six had 226Q. The amino acid
I at position 243 in HA was detected in six iso-
lates, whereas the other 36 viruses had Vat 243
in HA (table S3). We, therefore, tested the recep-
tor specificity of seven H7N9 viruses by using a
solid-phase binding assaywith four different glycans
[twoa-2,6 glycans:Neu5Aca2-6Galb1-4GlcNAcb-
SpNH-LC-LC-Biotin (6′SLN) and Neu5Aca2-
6[Galb1-4GlcNAcb1-3]2b-SpNH-LC-LC-Biotin
(6′S-Di-LN); two a-2,3 glycans: Neu5Aca2-
3Galb1-4GlcNAcb-SpNH-LC-LC-Biotin (3′SLN)
and Neu5Aca2-3[Galb1-4GlcNAcb1-3]2b-SpNH-
LC-LC-Biotin (3′S-Di-LN)] as described previ-
ously (18): four isolated from birds, A/chicken/
Shanghai/S1053/2013 (CK/S1053), A/pigeon/
Shanghai/S1069/2013 (PG/S1069) (containing
HA243I), A/chicken/Shanghai/S1410/2013 (CK/
S1410) (containing HA 226Q), and A/pigeon/
Shanghai/S1421/2013 (PG/S1421), and three iso-
lated from humans, A/Shanghai/1/2013 (SH/1)
(containingHA226Q),A/Shanghai/2/2013 (SH/2),
and AH/1. CK/S1053, PG/S1421, SH/2, and AH/1
(Fig. 1, A, D, F, and G) have the same HA, and all
four viruses bound to a-2,6-linked SA, 6′S-Di-LN,
with high affinity and to a-2,3-linked SAs with
very low affinity. However, their affinity for a-2,6-
linked SA, 6′SLN, was variable. The factors that
contributed to this variability remain unknown.
CK/S1410 and SH/1 bound to both a-2,3-linked
and a-2,6-linked SAs, with significantly higher
affinity for a-2,3-linked SAs than for a-2,6-linked
SAs (Fig. 1, B and E). PG/S1069 bound to both
a-2,3-linked and a-2,6-linked SAs, and its affin-
ity for the glycans 6′S-Di-LN and 3′S-Di-LNwas
similar (Fig. 1C). The I toV change at 243 (I243V)
is the only amino acid difference in HA between
PG/S1069 and AH/1, SH/2, or CK/S1053, and the
Q to L change at 226 (Q226L) is the only amino
acid difference in HA between CK/S1410 and
AH/1, SH/2, or CK/S1053. We therefore specu-
lated that, similar to the Q226L mutation in HA,
the I243V mutation may play an important role in
the exclusive binding of CK/S1053, PG/S1421,
AH/1, and SH/2 to a-2,6-linked SAs.

All H7N9 viruses have a single basic amino
acid in their HA genes, a characteristic of low
pathogenic influenza virus in chickens (4, 6, 19).
To confirm their virulence, we selected two early
isolates, one chicken virus (CK/S1053) and one
pigeon virus (PG/S1069), which have different
receptor binding properties, and tested their intra-
venous pathogenicity index (IVPI) in chickens
(20). Groups of 10 6-week-old specific-pathogen-
free (SPF) chickens were inoculated intravenous-
ly with 0.1 ml of a 1:10 dilution of bacteria-free
allantoic fluid containingCK/S1053 or PG/S1069.
None of the chickens showed signs of disease or
died during the 10-day observation, yielding an
IVPI value of 0 (with 3.0 being the most patho-
genic and 0 being the least pathogenic), indicat-

ing that these H7N9 viruses are nonpathogenic in
chickens (table S4).

Infection experiments (3) indicated that chickens
are easily infected byH7N9 viruses and efficiently
shed virus for up to 7 days, suggesting that these
birdsmay be one of themajor carriers and spreaders
of H7N9 viruses in the live poultry markets.

H7N9 virus infection of humans has caused a
21%mortality rate among hospitalized cases (21);
however, the wide clinical spectrum of these in-
fections in humans, from mild infection to death,
prompted us to investigate the virulence of these
viruses in mammals. Mice have been widely used
to evaluate the virulence of influenza viruses, and
correlations of virulence in mice and in humans
have been observed with H5N1 viruses (22, 23).

Fig. 3. Replication and respiratory droplet transmission in ferrets of H7N9 viruses. Virus
replication: (A) CK/S1053; (B) PG/S1421; (C) SH/1; (D) SH/2; (E) AH/1. Virus respiratory droplet trans-
mission: (F) CK/S1053; (G) PG/S1421; (H) SH/1; (I) SH/2; (J) AH/1; (K) AH/1 (replicate). Each color bar
represents the virus titer from an individual animal. The dashed red lines indicate the lower limit
of detection. Asterisks indicate that transmission efficacy was significantly higher than that of the
CK/S1053 virus.
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We therefore used BALB/c mice to evaluate
the replication and virulence of six of the H7N9
viruses: three isolated from poultry, CK/S1053,
PG/S1069, and PG/S1421, and three isolated from
humans, SH/1, SH/2, and AH/1 (5). PG/S1421
and AH/1 are similar in their genome and only
differ by a single amino acid at position 627 in
their PB2 (table S3).

Mouse lethal dose (MLD50) values were de-
termined by intranasally (i.n.) inoculating groups
of five mice with 101.0 to 106.0 50% egg infec-
tious dose (EID50) of the virus, and body weight,
disease signs, and death were monitored daily for
2 weeks. No disease signs or deaths were ob-

served among mice inoculated with the three
viruses isolated from birds, and all mice gained
body weight during the observation period (fig.
S2, A to C and G to I); in contrast, mice infected
with high doses (>104 EID50) of the three human
isolates experienced weight loss (fig.S2, D to F),
and the mice inoculated with 106 EID50 of
SH/1 were killed because they became very sick
and lost over 30% of their body weight on day 7
postinfection (p.i.). SH/1 was lethal for mice with
anMLD50 of 5.4 logEID50, and onemouse in each
of the 105 and 106EID50 ofAH/1-inoculated groups
and the 106 EID50 of SH/2-inoculated group died
(fig. S2, J to L).

To evaluate the replication of the viruses in
mammals, we inoculated groups of three mice
i.n. with 106 EID50 of virus. Mice were killed on
day 3 p.i., and their organs, including nasal turbi-
nates, lungs, spleen, kidneys, and brain, were col-
lected for virus titration. Replication of CK/S1053,
PG/S1069, PG/S1421, SH/2, andAH/1was detected
in the nasal turbinates and lungs of mice but not
in their spleens, kidneys, or brains (Fig. 2, A to C,
E, and F); however, SH/1 was detected in the tur-
binates, lungs, and brains of all three mice and
also in the spleen of one mouse (Fig. 2D). Viral
titers in the nasal turbinates and lungs of the three
human isolate–inoculated mice were significantly

Fig. 4. Histological lesions caused by H7N9 viruses in the lungs of
ferrets. Ferrets were killed on day 4 p.i. with 106 EID50 of the test virus, and
the lungs were collected for pathological study. The lungs from the AH/1
virus-infected ferrets developed prominent features of bronchointerstitial
pneumonia with massive recruitment of lymphocytes into the lumen and
surrounding alveoli and peribronchus, as well as sloughing and necrosis of
the respiratory epithelium in the peribronchiolar lumen and submucosal
edema of the bronchiolar wall [hematoxylin and eosin (H&E) staining] (A

and B). Viral antigen of AH/1 virus was detected in the epithelial cells of
alveoli by means of immunohistochemical (IHC) staining (C and D). The
lungs of a CK/S1053 virus–inoculated animal showed only mild histopatho-
logical changes (H&E staining) (E and F). Limited viral antigen was detected
in the lung tissues from CK/S1053 virus–inoculated animals (IHC staining)
(G and H). Normal lung tissues from PBS-inoculated animals [H&E staining
(I); IHC staining (J)]. Scale bars in (A), (C), and (E) to (G), 50 mm; in (D) and
(H), 30 mm; in (I) and (J), 100 mm.

Table 1. Virulence and transmission of H7N9 viruses in ferrets. Data
shown are from the animal in that group with the maximum body-temperature
increase or maximum body-weight loss..Seroconversion was confirmed from

the sera of ferrets collected on day 14 (the repeat AH/1 experiment) or on day
21 p.i. The AH/1 transmission experiment was conducted twice; the combined
data are presented.

Virus
Maximum body temperature

increase (°C)
Maximum body
weight loss (%)

Seroconversion
(HI antibody titer range) Respiratory droplet

transmission
Inoculated Exposed Inoculated Exposed Inoculated Exposed

CK/S1053 1.5 0.5 2 1.1 3/3 (160–320) 0/3 None
PG/S1421 2 1.0 7.6 5.8 3/3 (160–320) 1/3 (160) Lowly efficient
SH/1 1.5 1.3 3.1 2.1 3/3 (160–320) 1/3 (160) Lowly efficient
SH/2 2.3 1.8 3.5 2.8 3/3 (160–320) 1/3 (80) Lowly efficient
AH/1 1.7 1.4 3.7 3.1 6/6 (160–640) 6/6 (80–320) Highly efficient
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higher than those in the three bird isolate–inoculated
mice (Fig. 2). These results indicate that the H7N9
human isolates replicated much more efficiently
and were more lethal in mice than were the viruses
isolated from birds and that the PB2 627K mu-
tation likely contributed to the increased virulence
of the human isolates to mice, as was observed
with H5N1 viruses (11).

The H7N9 viruses have caused in excess of
100 human cases in a relatively short period, and
the biggest concern around the world is whether
these viruses can transmit efficiently from human to
human. If these viruses acquire the ability to effi-
ciently transmit amonghumans, there is a high chance
of an influenza pandemic, because humans have
no immunity toH7N9 viruses. Therefore, evaluation
of the transmissibility of these viruses is important.

Ferrets and guinea pigs have beenwidely used
as animal models for influenza virus transmission
studies (10, 14, 15, 24, 25), and human influenza
viruses transmit similarly in these twomodels (24,26).
Transmission studies of influenza mutants with
changes in their HA indicate that respiratory
droplet transmission appears to be restricted in
ferrets if the virus does not exclusively or pref-
erentially bind to a-2,6-linked SA (24, 27); the
same may be true for humans, because all widely
circulating human influenza viruses preferentially
bind to a-2,6-linked SA (15, 17). We therefore
tested the replication and respiratory droplet trans-
mission of two avian H7N9 viruses, CK/S1053
and PG/S1421, that preferentially bind to a-2,6-
linked SAs and that of the three human H7N9
viruses, SH/1, SH/2, and AH/1, in ferrets.

Two ferrets were inoculated i.n. with 106 EID50

of each virus, and the nasal turbinates, tonsils,
trachea, lungs, spleen, kidneys, brain, and liver
from each ferret were collected on day 4 p.i. for
virus titration in eggs. The five viruses replicated
to similar levels in the nasal turbinates, but the
viral titers in the tonsils, trachea, and lungs of
ferrets inoculated with CK/S1053 were nota-
bly lower than those in ferrets inoculated with
PG/S1421 or the three human isolates (Fig. 3, A
to E). Virus was also detected in the brains of
the ferrets inoculated with the three human iso-
lates but was not detected in the spleen, kidney,
or liver of any ferret (Fig. 3, A to E).

Pathological studies were performed on lung
samples from the virus-infected ferrets. The lungs
of PG/S1421-, SH/1-, SH/2-, and AH/1-infected
ferrets showed severe bronchopneumoniawith prom-
inent viral antigen expression (Fig. 4,A toD, and fig.
S3). By contrast, most of the lung appeared nor-
mal after infectionwith CK/S1053 (Fig. 4, E to H).

To investigate respiratory droplet transmis-
sion, we inoculated three ferrets i.n. with 106 EID50

of test virus and then housed them separately in
solid stainless-steel cages within an isolator (fig.
S4). Twenty-four hours later, three naïve ferrets
were placed in adjacent cages. Each pair of ani-
mals was separated by a double-layered net di-
vider (4 cm apart) as described previously (18)
(fig. S4). Nasal washeswere collected every 2 days
from all of the animals beginning 2 days p.i. [1 day

postexposure (p.e.)] for the detection of virus
shedding. Sera were collected from all animals on
day 21 p.i. for hemagglutinin inhibition (HI) anti-
body detection. Respiratory droplet transmission
was confirmedwhen virus was detected in the nasal
washes and by seroconversion of the naïve exposed
animals at the end of the 3-week observation period.

Virus was detected in all directly infected an-
imals (Fig. 3, F to J). In the exposed groups, virus
was not detected in any of the animals exposed to
the CK/S1053-inoculated ferrets. However, virus
was detected in one ferret exposed to the ferrets
that had been inoculated with PG/S1421, SH/1,
or SH/2 and in all three ferrets exposed to the
ferrets that had been inoculated with AH/1 (Fig.
3J). Because there have been no reports to date of
transmission of H7N9 virus among humans, we
repeated this respiratory droplet transmission study
with AH/1 virus in ferrets and found the results
to be reproducible (Fig. 3K). We sequenced the
viruses recovered from the inoculated animals on
day 6 postinoculation and the viruses recovered
from the exposed animals on day 7 p.e. and did not
detect any amino acid changes in any of the viruses.
Infection of ferrets with the five viruses did not
cause marked changes in body temperature (Table
1). The ferrets that were exposed or inoculated
with PG/S1421 experienced a 5.8 to 7.6% weight
change, and the body-weight loss of ferrets inoc-
ulated with the other four viruses was 1.1 to 3.7%
(Table 1). Seroconversion occurred in the virus-
inoculated animals and in all exposed animals that
were virus-positive (Table 1). These results indicate
that four of the five H7N9 viruses tested can trans-
mit between ferrets, and one virus, AH/1, transmits
highly efficiently between ferrets by respiratory droplet.

Transmission of influenza virus is a polygenic
trait. The mutations in HA that confer binding to
a-2,6-linked SAs are important for transmission;
however, CK/S1053 and AH/1 had similar HA
genes and bound similarly to the a-2,6-linked
SAs, but their transmissibility in ferrets was to-
tally different. PB2 627K is also important for
transmission, but SH/1 and SH/2, which both bear
PB2 627K, transmitted similarly to PG/S1421,
which does not have PB2 627K. Therefore, it is
difficult to concludewhich amino acid substitution
alonemakes the virus highly transmissible.However,
the amino acid differences between the avian viruses
and the AH/1 virus range from 1 to 27 (table S3),
suggesting that only a few amino acid changes
would be needed to make the avian H7N9 viruses
highly transmissible in mammals. Moreover, these
changes can occur easily during replication in humans.

In summary, our studies characterized the
H7N9 viruses isolated from poultry and humans
and demonstrated that these naturally isolated
viruses can bind humanlike airway receptors and
replicate efficiently in ferrets. Most importantly,
one virus isolated from humans is able to transmit
efficiently between ferrets by respiratory droplet.
The widespread detection of H7N9 viruses from
live poultry markets in Shanghai and eight other
provinces in a relatively short time period in-
dicates that the viruses transmit efficiently among

poultry, especially chickens, and have spread across
a wide geographic area in China. Currently, im-
plementation of compulsory control measures in
H7N9 virus–positive live poultry markets is pre-
venting further human infections; however, the
elimination of the H7N9 virus from nature is a
huge and long-term challenge. Its nonpathogenic
nature in poultry enables the avian H7N9 virus
to replicate silently in avian species and to trans-
mit to humans. Its replication in humans will pro-
vide further opportunities for the virus to acquire
more mutations and become more virulent and
transmissible in the human population.
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