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Clinical presentation and sequence analyses of HA and
NA antigens of the novel H7N9 viruses

Jiankang Han1,*, Furong Niu2,*, Meihua Jin1,*, Lili Wang3,*, Jia Liu3, Peng Zhang1, Bo Xie2, Xiaofang Wu1,

Dong Wen1, Lei Ji1, Guangtao Liu1, Zhongrong Yang1, Chiyu Zhang3, Dongming Zhou3, Qibin Leng3 and Ke Lan3

Recently, a novel H7N9 avian influenza A virus has led to a human influenza outbreak in China. Here we report a 64-year old man with

possible history of chronic bronchitis died from the H7N9 infection inHuzhouCity, ZhejiangProvince inEasternChina. The patient hadbeen

exposed to poultry before disease onset. Phylogenetic analyses of hemagglutinin and neuraminidase genes showed a close genetic

relationshipbetweenviruses fromthepatientand frompoultryboothswherehehadvisited, indicating that thepatientmayhavebeenexposed

from the infected poultry. Two poultry venders and close contacts of the patient were negative for H7N9, suggesting that there are some

unknown mechanisms to prevent them from being infected by the novel H7N9 virus. Furthermore, we found five novel H7N9 virus-specific

sequence variations in receptor-binding site of hemagglutinin, which may be associated with the acquisition of the ability to infect humans.
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INTRODUCTION

Since February 2013, a novel avian-origin influenza A (H7N9) virus

has emerged in clinical patients in Yangtze River Delta of China

(including Shanghai, Jiangsu, Zhejiang and Anhui Provinces).1,2 It

represents the first time of human infection with the H7N9 avian

influenza virus. Up to April 22nd, it has caused 104 infected cases

including 21 deaths. Soon after the identification of the H7N9 virus

in humans,3 it was further detected in some poultry samples (includ-

ing chicken and pigeon), but not from other animal sources such as

pigs, indicating that the poultry may be the reservoir of this new

reassortant influenza virus. However, epidemiological surveillance

data showed that not all the patients had a history of close contact

with poultry.1,2,4 Therefore, whether the H7N9 virus was transmitted

directly from poultry to human remains to be determined.

Here we report a 64-year old man died from the H7N9 infection in

Huzhou City, Zhejiang Province. The patient had been exposed to

H7N9 infected poultry before disease onset. Phylogenetic analyses of

hemagglutinin (HA) and neuraminidase (NA) genes showed a close

genetic relationship between viruses from the patient and from the

poultry booth where he had visited, supporting the possible acquisi-

tion of the infection from the infected poultry. Furthermore, two

poultry venders and close contacts of this patient were negative for

H7N9, suggesting that there are some unknown mechanisms in selec-

ting who may be susceptible to H7N9 virus infection.

MATERIALS AND METHODS

The patient

A 64-year old man in Huzhou City, Zhejiang Province, felt sick with

cough, occasionally with low grade fever from March 29th to 30th,

2013. He had been engaged in mining work and had a history of

smoking more than 20 cigarettes per day for over 20 years. Initially,

it was not unusual for him to have the respiratory symptom, especially

in spring and autumn, and he believed that the symptom was caused

by the smoking-related chronic respiratory illness. On March 31st, he

was admitted to hospital due to dyspnea. On the same day, the patient

was intubated in Intensive Care Unit due to severe pneumonia and

respiratory failure, and treated with antibiotics and steroids. On April

4th, he died from acute respiratory distress syndrome and multi-organ

failure.

RNA extraction and real-time RT-PCR

On April 3rd, swab of respiratory tract from this patient was collected

and sent to the Huzhou Centers for Disease Control and Prevention

for the detection of avian influenza A/H7N9 virus. A simple question-

naire on demographic characteristics, recent exposures to poultry and/

or other animals, recent visits to a live animal market, and clinical signs

and symptoms was conducted. Since the patient had visited two

poultry booths nearby before his hospitalization, 39 samples including

avian feces, waste, and sewage from two poultry booths near the

patient’s home and the upstream wholesale market that directly

supplies poultry for the booths were also collected.

RNA was extracted from the swab from the patient and the samples

from the poultry booths and wholesale market using QIAamp Viral

RNA Mini Kit. A real-time reverse transcription-polymerase chain

reaction (RT-PCR) for the detection of avian influenza A (H7N9)

virus was performed according to the protocol recommended by

the World Health Organization (available at: http://www.who.int/

influenza/gisrs_laboratory/a_h7n9/en/). In addition, HA and NA
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genomic fragments were amplified from the patient’s respiratory tract

swab and the samples from the poultry booths and wholesale market

using universal primer sets as described previously,5 and subjected to

sequencing.

Phylogenetic analysis

Nucleotide sequences of HA and NA were aligned with available

sequences from avian influenza HA subtype 7 and NA subtype 9 using

Clustal W program implemented in MEGA 5.05. The H7N9 sequences

reported recently were included in the analyses. Phylogenetic trees of HA

and NA sequences were constructed with MEGA 5.05 by using the

neighbor-joining method. The stability of the nodes was assessed by using

maximum likelihood with a bootstrap value of 1000 replications.

RESULTS

Clinical presentation

At admission (March 31st), the patient was conscious with a heart

rate of 138/min, body temperature 38.8 6C, breath rate 33/min,

blood pressure 218/103 mmHg, SaO2 88%, PaO2 56 mmHg and

PaCO2 58.3 mmHg. White blood cell count was 7.03109/L,

lymphocyte count was 0.13109/L, and C-reactive protein was

177.6 mg/L. Prothrombin time was 15.1 seconds. Prothrombin

ratio was 1.26 and D-dipolymer was 1235.0 ng/L. Occult blood

was positive in stool and urine, and urine protein was also positive.

Moist rales from both lungs were noted. The chest radiograph

revealed severe infiltration, especially in the right lower lobe

(Figure 1), and hydrothorax in right lung.

During the five days of hospitalization before the patient died on

April 4th, the patient was closely monitored for clinical symptoms

and with a wide range of lab studies, including biochemical,

immunological and cytological parameters. Fifty-nine parameters

were measured daily. Of them, 13 appeared unusual compared to

the normal reference ranges (Table 1). The levels of serum glucose,

glutamic oxalacetic transaminase, glutamic-pyruvic transaminase,

adenosine deaminase, neutrophil percentage, mean corpuscular

hemoglobin, and high-sensitivity C-reactive protein continued to
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Figure 1 Chest radiographs. Computed tomographic scans of the chest of the patient on March 31st (panel A); Chest X-rays on April 1st–3rd (panels B–D, respectively).

Table 1 Dynamic changes of 13 clinical parameters possibly associated with the death

Variable Mar. 31 Apr. 1 Apr. 2 Apr.3 Apr. 4 (death) Reference range Unit

Calcium 1.88 1.89 1.92 1.97 2.54 2.17–2.75 mmol/L

Serum glucose NA 14.71 7.69 8.77 8.34 3.90–6.10 mmol/L

Retinol conjugated protein NA 2.8 7.7 7.4 NA 18.0–70.0 mg/L

Glutamic oxalacetic transaminase NA 41.7 56.8 96.1 NA 8.0–10.0 U/L

Glutamic-pyruvic transaminase NA 44.9 59.7 87.2 57 5.0–10.0 U/L

Total protein NA 48.4 48.3 59.9 NA 60.0–85.0 g/L

Albumin NA 25.6 26 28.1 NA 35.0–50.0 g/L

Albumin/globulin ratio NA 1.12 1.17 0.88 NA 1.20–2.50 —

Adenosine deaminase NA 22.6 24.4 27.9 NA 0.0–21.0 U/L

Neutrophil percentage NA 93.8 91.8 96.6 NA 51.0–75.0 %

Lymphocyte percentage NA 3.9 3.6 3 NA 20.0–40.0 %

Mean Corpuscular Hemoglobin NA 32.6 32.4 33.1 NA 27.0–31.0 pg

High-sensitivity C-reactive protein NA 175.3 151.9 159 NA 0.0–10.0 mg/L

NA: not available.
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 FJ767713 (A/Northern shoveler/Seongdong/175/2008(H7N3))
 JX444843 (A/mallard/Korea/21-9/2008(H7N8))

 JN244229 (A/pintail/Korea/1173/2009(H7N7))
 JX307147 (A/duck/Thailand/CU-LM7284C/2010(H7N6))

 AB558254 (A/duck/Shimane/83/2006(H7N3))
 AB481212 (A/duck/Mongolia/119/2008(H7N9))

 FJ750875 (A/wild bird feces/Korea/HDR22/2006(H7N7))
 AB517641 (A/northern pintail/Akita/1370/2008(H7N7))

 JN029543 (A/environment/Mongolia/1-51/2007(H7N7))
 JX444835 (A/mallard/Korea/5-80/2005(H7N8))
 EU158101 (A/duck/Jiangxi/1760/03(H7N7))

 AB473543 (A/duck/Mongolia/867/2002(H7N1))
 JQ906576 (A/duck/Zhejiang/12/2011(H7N3))

 JQ906574 (A/duck/Zhejiang/10/2011(H7N3))
 A/Shanghai/1/2013
 A/Shanghai/2/2013
 A/Anhui/1/2013
 A/Huzhou/A1/2013
 A/Hangzhou/1/2013
 A/Chicken/Shanghai/S1053/2013
 A/Environment/Shanghai/S1088/2013
 A/Pigeon/Shanghai/S1069/2013
 A/Chicken/Huzhou/A2/2013

Novel A/H7N9 Influenza virus

 AJ584647 (A/Chicken/Italy/1067/99(H7N1))
 CY099613 (A/turkey/Italy/4042/1999(H7N1))

 GU053143 (A/mallard/Sweden/105/2002(H7N7))
 AY999981 (A/Mallard/Sweden/91/02(H7N9))
 GQ240813 (A/mute swan/Hungary/5973/2007(H7N7))
 CY031028 (A/duck/Italy/4609/2003(H7N2))

 AB450448 (A/duck/Mongolia/720/2007(H7N6))
 FN386467 (A/Anas crecca/Spain/1460/2008(H7N9))
 HQ244407 (A/Anas crecca/Spain/1460/2008(H7N9))

 JQ973643 (A/Baers pochard/HuNan/414/2010(H7N1))
 JN029686 (A/wild duck/Mongolia/1-241/2008(H7N9))
 GU060482 (A/goose/Czech Republic/1848-K9/2009(H7N9))
 HQ244415 (A/goose/Czech Republic/1848-T14/2009(H7N9))

 JN244230 (A/mallard/Korea/822/2010(H7N7))
 KC190170 (A/mallard/Republic of Georgia/3/2010(H7N3))

 AB755793 (A/duck/Mongolia/47/2012(H7N7))
 JX307132 (A/duck/Thailand/CU-10530C/2011(H7N4))

 JN244236 (A/spot-billed duck/Korea/447/2011(H7N9))
 JN244235 (A/mandarin duck/Korea/468/2011(H7N3))

 JN244234 (A/wild bird/Korea/A9/2011(H7N9))
 JN244232 (A/wild bird/Korea/A3/2011(H7N9))
 JN244233 (A/wild bird/Korea/A4/2011(H7N3))

 CY014612 (A/duck/Nanchang/1904/1992(H7N1))
 AF202229 (A/fairy bluebird/Singapore/F92/94(H7N1))

 AF202244 (A/ostrich/South Africa/1069/91(H7N1))
 AF202230 (A/chicken/Pakistan/CR2/95(H7N3))

 GU052961 (A/softbill/California/33445-136/1992(H7N1))
 AY724257 (A/chicken/Hebei/1/2002(H7N2))

 L43914 (A/goose/Leipzig/187/7/1979(H7N7))
 AF202236 (A/chicken/England/71/82(H7N1))

 CY015065 (A/turkey/England/1963(H7N3))
 EU559270 (A/duck/Hubei/126/1985(H7N8))

 U20461 (A/duck/Hong Kong/293/78(H7N2))
 CY067686 (A/swine/KU/16/2001(H7N2))
 DQ003216 (A/duck/Hongkong/301/72(H7N1)).

 Z47199 (A/chicken/Victoria/75(H7N7))
 CY024786 (A/chicken/Victoria/1976(H7N7))

 AY943924 (A/chicken/NSW/1/97(H7N4))
 AF202237 (A/FPV/Egypt/45(H7N1))

 AB307735 (A/chicken/Japan/1925(H7N7))
 AB297925 (A/duck/Taiwan/Ya103/1993(H7N7))

 M24457 (A/FPV/Rostock/1934(H7N1))
 Z12617 (A/FPV/Dutch/27(H7N7))

 CY014992 (A/fowl/Dobson/1927(H7N7))
 L37794 (A/FPV/Weybridge(H7N7))

 X62552 (A/equine/prague/56(H7N7))
 JX983548 (A/equine/Kirgiziya/26/1974(H7N7))
 X62560 (A/equine/London/1416/73(H7N7))
 CY014587 (A/mallard duck/Alberta/435/1985(H7N3))
 CY014786 (A/turkey/Minnesota/1/1988(H7N9))
 K00429 (A/seal/Mass/1/80(H7N7))

 DQ870894 (A/turkey/Oregon/1971(H7N3))
 AB450437 (A/duck/Alaska/3111/1993(H7N3))

 CY127253 (A/ruddy turnstone/Delaware Bay/220/1995(H7N9))
 JQ988864 (A/duck/Guangdong/1/1996(H7N3))

 EU684261 (A/ruddy turnstone/DE/1538/2000(H7N9))
 CY029849 (A/environment/New York/22067-1/2005(H7N2))

 CY095044 (A/chicken/New York/31621-7/2005(H7N2))
 GU051854 (A/ruddy turnstone/New Jersey/604/2006(H7N4))
 JX899803 (A/guinea fowl/Nebraska/17096-1/2011(H7N9))
 JX899805 (A/goose/Nebraska/17097-4/2011(H7N9))

 CY133274 (A/American black duck/Wisconsin/10OS3949/2010(H7N8))
 CY133649 (A/northern shoverl/Mississippi/11OS145/2011(H7N9))

 JX908509 (A/chicken/Jalisco/12283/2012(H7N3))
 CY138834 (A/green-winged teal/New Brunswick/00392/2010(H7N7))

 CY067670 (A/blue-winged teal/Guatemala/CIP049-01/2008(H7N9))
 CY067678 (A/blue-winged teal/Guatemala/CIP049-02/2008(H7N9))

 CY125373 (A/black scoter/New Brunswick/00014/2009(H7N6))
 CY024818 (A/blue-winged teal/Ohio/566/2006(H7N9))
 CY122531 (A/environment/Colorado/NWRC186223-18/2007(H7N9))
 CY076413 (A/American green-winged teal/California/44287-305/2007(H7N6))
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be above the higher limits of the reference ranges, while the other six

indexes including calcium concentration, retinol conjugated protein,

total protein, albumin, albumin/globulin ratio, and lymphocyte per-

centage were substantially below the lower limit of the reference ranges

(Table 1).

Detection of avian influenza A/H7N9 virus

On April 1st, the patient’s sputum smear was tested negative for acid-

fast bacilli, fungus and haemophilus. It was suspected that the patient

might be infected with the novel H7N9 influenza virus based on

reports from other similar cases.1–3 On April 3rd, we performed

specific real-time RT-PCR to determine the presence of avian

influenza A/H7N9 virus in patient’s swab of respiratory tract.

The result showed that the patient was positive for the novel

H7N9 virus. At the same time, 11 samples, including five from

one poultry booth, and six from the upstream wholesale market,

were also found to contain H7N9 virus using the real time RT-

PCR.

Figure 2 Phylogenetic tree of influenza HA (A) and NA (B) sequences. The phylogenetic trees were constructed with MEGA 5.0 using the neighbor-joining method.

The stability of the nodes was assessed by bootstrap analysis with 1000 replications, and only bootstrap values of o80 were shown at the corresponding nodes. The

sequences from this patient and the poultry in Huzhou are highlighted by red circle and triangles, respectively. The blue diamonds indicate the sequences of A/H7N9

viruses from other regions of China.

 A/Chicken/Huzhou/A8/2013
 A/Chicken/Huzhou/A3/2013

 A/Pigeon/Shanghai/S1069/2013
 A/Hangzhou/1/2013
 A/Shanghai/2/2013
 A/Huzhou/A1/2013
 A/Anhui/1/2013
 A/Chicken/Shanghai/S1053/2013

 A/Environment/Shanghai/S1088/2013
 A/Shanghai/1/2013

Novel A/H7N9 Influenza virus

 JN244222 (A/wild bird/Korea/A14/2011(H7N9))
 JN244225 (A/wild bird/Korea/A9/2011(H7N9))

 JN244223 (A/wild bird/Korea/A3/2011(H7N9))
 JN244224 (A/spot-billed duck/Korea/447/2011(H7N9))

 AB481213 (A/duck/Mongolia/119/2008(H7N9))
 HQ244409 (A/Anas crecca/Spain/1460/2008(H7N9))

 GQ184333 (A/Baikal teal/Hongze/14/2005(H11N9))
 AB298284 (A/duck/Hokkaido/W245/2004(H11N9))
 CY029883 (A/sharp-tailed sandpiper/Australia/10/2004(H11N9))

 JX679164 (A/wild duck/Korea/SH20-27/2008(H7N9))
 EU263337 (A/shorebird/Korea/S8/2006(H11N9))

 HM144727 (A/wild duck/Shantou/311/2001(H6N9))
 GU060484 (A/goose/Czech Republic/1848-K9/2009(H7N9))

 CY122246 (A/mallard/Netherlands/11/1999(H2N9))
 AB274305 (A/pintail/Shimane/324/98(H1N9))

 CY005432 (A/Duck/Nanchang/2-0486/2000(H2N9))
 CY077058 (A/mallard/Netherlands/42/2006(H11N9))

 HM136576 (A/mallard/Sweden/36/2003(H11N9))
 CY122222 (A/mallard/Sweden/103/2005(H2N9))

 AB545600 (A/duck/Vietnam/OIE-2386/2009(H11N9))
 CY094881 (A/red-necked stint/Western Australia/5745/1982(H12N9))

 GU051967 (A/turkey/Ontario/7732/1966(H5N9))
 AB292780 (A/duck/Memphis/546/1974(H11N9))

 M17812 (A/whale/Maine/1/1984(H13N9))
 CY004826 (A/laughing gull/NJ/72/1985(H4N9))

 CY117471 (A/gull/Maryland/18/1977(H2N9))
 JX899806 (A/goose/Nebraska/17097-4/2011(H7N9))

 CY133787 (A/mallard/Missouri/10MO084/2010(H5N9))
 EU557593 (A/northern pintail/Alaska/44184-144/2006(H5N9))

 CY067672 (A/blue-winged teal/Guatemala/CIP049-01/2008(H7N9))
 HM060036 (A/king eider/Alaska/44397-858/2008(H10N9))

 CY053799 (A/northern shoveler/California/K168/2005(H1N9))
 GU050801 (A/mallard/Miesota/34/1998(H2N9))
 CY101226 (A/shorebird/Delaware Bay/260/1996(H9N9))

 AY633390 (A/teal/Alberta/16/97(H2N9))
 CY004701 (A/mallard/Alberta/31/2001(H3N9))

 CY125575 (A/blue-winged teal/Prince Edward Island/03910/2009(H4N9))
 CY125351 (A/ring-necked duck/New Brunswick/03449/2009(H11N9))
 CY097103 (A/mallard/Ohio/1686/2009(H6N9))

 CY042083 (A/mallard duck/Miesota/Sg-00113/2007(H1N9)) sequence
 CY042142 (A/mallard/Miesota/Sg-00177/2007(H12N9)) sequence

 EU523137 (A/kelp gull/Argentina/LDC4/2006(H13N9))
 CY022623 (A/chicken/Italy/22A/1998(H5N9))

 GQ247871 (A/shearwater/Australia/2576/1979(H15N9))
 AB292782 (A/duck/Hong Kong/562/1979(H10N9))
 AB292786 (A/duck/Hong Kong/278/1978(H2N9))
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Phylogenetic analysis and comparison of HA amino acid

sequences

Phylogenetic trees of HA and NA fragments showed that the novel

H7N9 strains form a well-supported clade (with a bootstrap value of

100%) and the sequence from this patient clusters closely with those

from the patients in Shanghai, Auhui and Zhejiang, as well as those

from the poultry (including chickens and pigeon) from the local area

and Shanghai (Figure 2). These results not only support that this

patient was infected by the novel H7N9 virus, but also suggest that

the novel H7N9 virus was present in the environment where the

patient was exposed.

Comparison of amino acid sequences of the receptor-binding site

(RBS) (amino acids 105–319) in HA showed that there are five variants

K181R, D183S/N, I188V, I211V and V298I occurring between H7N3

and H7N9 (Figure 3). In addition, three additional variants G195V,

Q235L/I and D285N were found in all the novel H7N9 strains except

A/Shanghai/1/2013, which has identical amino acids to H7N3 virus in

the three sites.

DISCUSSION

HA of influenza virus is the receptor-binding and membrane fusion

glycoprotein that is responsible for viral attachment and entry into

target cells by binding to sialic acids, the functional receptor of influ-

enza virus.6,7 The RBS in HA plays a dominant role in determining the

forms of receptors and thus the host tropism. Most avian influenza

viruses preferentially bind to sialic acids in the a-2,3 linkage, whereas

human viruses preferentially bind to sialic acids in the a-2,6 linkage.8

Sporadic human infection with avian influenza virus (e.g. highly

pathogenic H5N1, H7N2, H7N3, H7N7 and H9N2) had been

observed since 1997.9 To acquire the potential to infect humans, these

avian viruses evolve a binding affinity of HA for the a-2,6 linkage,

which is preferentially involved in the mutations in the RBS regions of

HA.8

Since February 2013, the infection with the novel H7N9 virus has

led to at least 21 deaths. The patient reported in this study was con-

firmed to be infected with the novel H7N9 virus by possible exposure

to H7N9 infected poultry before disease onset. Recently, the novel

H7N9 virus was demonstrated to originate from the assortment

between avian H7N3, H7N9 and H9N2 viruses, which were circulating

in Korea and East China including Zhejiang, respectively.3 The HA

genomic fragment of the novel H7N9 was directly derived from H7N3.

Comparison of amino acid sequences showed that there was no dif-

ference in the RBS sequence of HA between the H7N9 virus from this

patient and those from other patients. However, the comparison

between H7N3 and the novel H7N9 suggested that variants K181R,

D183S/N, I188V, I211V and V298I in RBS of HA may be crucial for the

novel H7N9 virus to evolve the ability to infect humans (Figure 3).

Furthermore, we observed three additional variants G195V, Q235L/I

and D285N occurring in all the novel H7N9 viruses except A/

Shanghai/1/2013, which has identical amino acids to H7N3 virus in

the three sites. Among them, at least Q235L had been demonstrated to

be involved in a change of HA receptor specificity from the a-2,3

linkage to the a-2,6 linkage.7,10 Whether the variants mentioned above

105

319

254

179

Novel
H7N9

Novel
H7N9

Novel
H7N9

H7N3

H7N3

H7N3

Figure 3 Sequence comparison of RBS in HA between the novel H7N9 and avian H7N3. The red stars indicate the H7N9 virus-specific variants. The red triangles

indicate variants occurring in all H7N9 viruses except A/Shanghai/1/2013.
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contribute to the acquisition of HA binding to a-2,6 linkage needs to

be determined by further experiments.

A/Shanghai/1/2013 was isolated from the first H7N9 infected

patient3 and located in the basal position of the clade of the novel

H7N9 virus in the phylogenetic trees (Figure 2). These findings not

only indicate that A/Shanghai/1/2013 represents a relative early

form of the novel H7N9 virus after accomplishing poultry-to-

human transmission, but also imply that the novel H7N9 has a

too short history to adapt human host and to evolve the ability of

human-to-human transmission, which provides a possible explanation

for the reason why no human-to-human transmission was observed so

far.

We tested the samples from two poultry venders and 55 close

contacts of the patient (including his family) using the real time

RT-PCR. Interestingly, none was tested positive for the H7N9 virus.

This result confirmed two observations. First, two venders were not

infected by the virus in despite of their extremely frequent exposure

to the infected poultry. Second, the patient did not spread the virus

to his close contacts. These further imply that there are some

unknown mechanisms which determine why only some people

are more readily infected by the novel H7N9 virus but not others.4

The patient reported here was 64 years old, had a long history (over

20 years) of heavy smoking and a clinical history compatible with

the chronic bronchitis. His relative poor health condition may have

contributed to the infection or clinical outcome. However, it is yet

to be proved whether the susceptibility to H7N9 infection is

depended on a person’s health condition.
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