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Summary Objective: Human infections caused by avian influenza virus A(H7N9) re-emerged
in late 2013. We reported the first Hong Kong patient without risk factors for severe A(H7N9)
disease.
Methods: Direct sequencing was performed on the endotracheal aspirate collected from a
36-year-old female with history of poultry contact. Bioinformatic analysis was performed
to compare the current strain and previous A(H7N9) isolates.
Results: The influenza A/Hong Kong/470129/2013 virus strain was detected in a patient with
acute respiratory distress syndrome, deranged liver function and coagulation profile, cyto-
penia, and rhabdomyolysis. The HA, NA and MP genes of A/Hong Kong/470129/2013 cluster
with those of other human A(H7N9) strains. The PB1, PB2 and NS genes are most closely
related to those of A/Guangdong/1/2013 strain identified in August 2013, but are distinct
from those of other human and avian A(H7N9) strains. The other internal genes NP and PA
genes are more closely related to those of non-A(H7N9) avian influenza A viruses. A unique
PA L336M mutation, associated with increased polymerase activity, was found. The patient
required salvage by extracorporeal membrane oxygenation.
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Conclusions: The A/Hong Kong/470129/2013 virus is a novel reassortant derived from A/
Guangdong/1/2013 virus. The unique mutation PA L336M may enhance viral replication
and therefore disease severity.
ª 2014 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
Introduction

Human infections by avian influenza viruses A(H5N1),
A(H9N2), A(H7N7/3/2), A(H10N7), A(H7N9) and A(H6N1)
have been reported.1,2 However the influenza A(H7N9) virus
has now become the most prevalent avian influenza virus
affecting humans in China since its emergence in the spring
of 2013.3,4 The case-fatality rate of more than 30% is much
higher than that of the 2009 pandemic influenza virus and
the SARS coronavirus.5e7 Similar to other severe influenza
virus infection, A(H7N9) typically causes severe pneumonia
not responding to antibiotics covering for typical and atyp-
ical respiratory pathogens, and can lead to extrapulmonary
complications.8 Seroepidemiological study found that 13.9%
of poultry workers and 0.8% of the general population in the
Zhejiang province of China had a haemagglutination inhibi-
tion antibody titre of 40 or more.9 Furthermore epidemio-
logical and genetic studies have established the link
between direct or indirect poultry contact and human
A(H7N9) infection, with the possibility of limited person-
to-person transmission.3,10,11

Similar to the seasonality for human A(H5N1) infec-
tions, the number of human A(H7N9) infections decreased
during the summer with only four reported cases from May
to September 2013.7,12,13 However, human A(H7N9) cases
re-emerged since October 2013 with a total of eight cases
reported as of 12th December 2013.12,14 Five of these pa-
tients were from Zhejiang province, two patients from
Hong Kong and one patient from Guangdong province. In
Hong Kong, the first human case of A(H7N9) occurred in
November 2013.15 In this study, we reported the clinical
severity of this case and sequenced the viral genome
directly from the endotracheal aspirate of the patient.
We then performed phylogenetic analysis and compared
the genetic differences between the virus from this
Hong Kong patient and other human and avian A(H7N9)
viruses.

Materials and methods

Patient and microbiological investigations

The clinical data and endotracheal aspirate specimen were
collected from a 36-year-old female patient suffering from
severe bilateral pneumonia on day 3 after hospitalization in
Hong Kong. Acute respiratory distress syndrome was defined
with standard criteria.16 The endotracheal aspirate was
cultured in Madin Darby canine kidney cell line with trypsin
for seven days. It was also tested by the multiplex polymer-
ase chain reaction with ResPlex II v2.0 assay (Qiagen) for
coinfection with respiratory syncytial virus, influenza B
virus, parainfluenza viruses 1e4, human metapneumovirus,
enteroviruses, rhinovirus, adenovirus, bocavirus, and
coronaviruses NL63, HKU1, 229E, and OC43, in accordance
with manufacturer’s instructions. Nucleic acid extraction
and sequencing were performed directly from this endotra-
cheal aspirate specimen. Informed consent was obtained
from the patient.

Real time reverse transcriptase-polymerase chain
reaction (RT-PCR) for detection of A(H7N9) virus

Real time RT-PCR was performed as we described previ-
ously.8 Briefly, total nucleic acid was extracted using NucliS-
ens easyMAG� extraction system (BioMerieux, France).
Taqman real-time RT-PCR was performed under standard
thermocycling conditions to detect matrix protein (MP),
H7, and N9 genes.

Sequencing of full virus genome from endotracheal
aspirate

Sequencing was performed as we described previously using
consensus primers for all eight gene segments of influenza
A(H7N9) virus.3,17 Direct sequencing of the PCR products
was performed using an ABI Prism 3730 DNA analyzer.

Phylogenetic analysis

All sequences were assembled and edited with Lasergene
6.0 (DNASTAR, WN, USA). Bioedit 7 was used for alignment
and analysis of amino acid residues. The phylogenetic trees
of haemagglutinin (HA), neuraminidase (NA), acidic poly-
merase (PA), basic polymerases (PB1, PB2), MP, nucleopro-
tein (NP) and non-structural protein (NS) genes were
constructed using neighbour-joining method with Tamura-
Nei model of nucleotide substitution using MEGA software
package, version 5.05. The bootstrap values from 1000
replicates were calculated to evaluate the reliability of the
phylogenetic trees. Our gene sequences were deposited
within the GenBank sequence database under accession
numbers KF952506 to KF952513. All other gene sequences
were obtained from NCBI Influenza Virus Resource data-
base, except A/Anhui/1/2013 and A/Shanghai/1/2013
which were obtained from Global Initiative on Sharing All
Influenza Data (GISAID) EpiFlu� Database (Supplementary
Table).

Amino acid sequence comparison

The amino acid sequence of A/Hong Kong/470129/2013
virus was compared to that of other human and avian
A(H7N9) virus strains available in the NCBI Influenza Virus
Resource database as of 10th December, 2013. H7 and
human N9 numbering were used for denoting the amino
acid positions in the HA and NA proteins, respectively.
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Results

Patient

The patient was a 36-year-old female Indonesian domestic
helper living in Hong Kong. Her past health was unremark-
able except for some vitiligo over the neck and back which
was treated with topical steroid. Though her antinuclear
antibody titre was over 640, there is no evidence of
autoimmune disease activity as evident by negative anti-
double stranded DNA antibody and normal complement
levels. On 17th November 2013, she travelled to Shenzhen,
China, where she visited a live poultry market. On 21st
November, she developed malaise. Subsequently, she
developed fever since 23rd November, associated with
cough, sputum production, sore throat and dyspnoea. She
did not have vomiting or diarrhoea. She was hospitalized on
Figure 1 Phylogenetic trees showing the relationship of A/Hon
influenza viruses. (A) HA1. (B) NA. (C) PB2. (D) PA. (E) PB1. (F) NP.
neighbour-joining method with Tamura-Nei model of nucleotide sub
strap values from 1000 replicates were performed to evaluate the r
2013 was highlighted in bold font in red, while other human A(H7N9
this study were obtained from NCBI Influenza Virus Resource databa
obtained from Global Initiative on Sharing All Influenza Data (GISA
27th November. On admission, her body temperature was
40.0 �C. Her respiratory rate was 18 breaths per minute,
and the oxygen saturation was 97% while breathing ambient
air. The pulse rate was 116 beats per minute, and the blood
pressure was 120/63 mmHg. Her chest radiograph showed
right lower zone consolidation and blunting of right costo-
phrenic angle. Her condition deteriorated rapidly despite
intravenous amoxicillin-clavulanate 1.2 g every 8 h and oral
azithromycin 500 mg every 24 h given from day 1e2 after
hospitalization. She also received one dose of oral oselta-
mivir 75 mg on day 2 after hospitalization. Serial chest
radiographs showed progression to bilateral lower zone
consolidation. She subsequently required intubation and
positive pressure ventilation on day 2 after hospitalization.
With further deterioration and the development of acute
respiratory distress syndrome, extracorporeal membrane
oxygenation was started on day 3 after hospitalization.
g Kong/470129/2013 to other A(H7N9) and non-A(H7N9) avian
(G) NS. (H) MP. The phylogenetic trees were constructed using
stitution using MEGA software package, version 5.05. The boot-
eliability of the phylogenetic trees. The A/Hong Kong/470129/
) strains were highlighted in blue. Sequences not determined in
se, except A/Anhui/1/2013 and A/Shanghai/1/2013 which were
ID) EpiFlu� Database (Supplementary Table).
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After the diagnosis of A(H7N9) was confirmed, she was
started on intravenous zanamivir 600 mg every 12 h from
day 5 after hospitalization. On day 3 after hospitalization,
complete blood picture showed a lowish white cell count of
3.7 (normal >3.9) � 109/L (neutrophil 2.7 and lymphocyte
0.9[normal >1.1]) and a platelet count of 131 � 109/L
(normal >150). The coagulation profile was deranged with
a prothrombin time of 15.4 (normal <13.5) seconds and
an activated partial thromboplastin time of 42 (normal
<33.7) seconds. The plasma creatine kinase and lactate de-
hydrogenase peaked at 1976 (normal <161) and 990
(normal <218) U/L respectively. Urine for myoglobin was
positive. Her hepatic parenchymal enzyme, alanine trans-
aminase, peaked at 206 U/L (normal <36) on day 18 after
symptom onset.

RT-PCR for influenza A virus MP gene and H7 gene were
positive in the endotracheal aspirate sample collected on
day 3 after hospitalization. No viral co-infection was de-
tected by multiplex RT-PCR. Viral culture of this endotra-
cheal aspirate in Madin Darby canine kidney cell line was
positive for cytopathic effect on day three after inoculation.
The presence of influenza A virus in positive cell culture was
confirmed by immunostaining for NP protein and A(H7N9) by
specific RT-PCR. Bacterial cultures were negative in blood,
endotracheal aspirate and right pleural fluid.
Phylogenetic analysis

All eight gene segments of this A/Hong Kong/470129/2013
viruswere sequenceddirectly fromtheendotracheal aspirate
sample (Fig. 1). Manual inspection of the chromatogram did
not show double peaks suggesting of a mixed population.
The HA1, NA and MP genes cluster with other human
A(H7N9) isolates characterized in the 2013 spring outbreak
while the NP appears to be coming from additional donor
closely related to A(H9N2) strains found in poultries from
China. The PB2, PB1 and NS genes form a separate cluster
with the human A(H7N9) isolate A/Guangdong/1/2013 which
was identified in the Guangdong province adjacent to Hong
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Kong. Notably, the PA gene of A/Hong Kong/470129/2013
cluster with other avian A(H9N2), A(H6N2) and A(H7N7) vi-
ruses but not with those PA of other previously characterized
A(H7N9) viruses including the A/Guangdong/1/2013, suggest-
ing that the A(H7N9) virus is continuously reassorting with
other avian viruses in the field.

Important amino acid substitutions associated with
antiviral resistance, mammalian adaptation and viral repli-
cation in the A/Hong Kong/470129/2013 virus were exam-
ined and summarized in Table 1. The M2 protein contains
the S31N mutation which confers resistance to adaman-
tanes.5 However the NA does not contain the R289K substi-
tution which confers resistance to neuraminidase
inhibitors.4 In the HA, G177V and Q217L substitutions which
were reported to confer increased binding to a2,6-linked
sialic acid receptors present in the upper respiratory tract
of humans, are found.4 In the PB2 polymerase subunit, A/
Hong Kong/470129/2013 contains L89V and E627K substitu-
tions which are associated with enhanced viral polymerase
activity in mammalian cells.4 However, the PB2 T271A and
D701N substitutions associated with enhanced polymerase
activity and mammalian adaptation were not found. The
PB1 protein contains I368V, which enables droplet transmis-
sion in ferrets.18 Other mutations present only in A/Hong
Kong/470129/2013 and/or A/Guangdong/1/2013 but not
among other human or avian A(H7N9) isolates available in
NCBI Influenza Virus Resource database were summarized
in Table 2. Surprisingly, the PA L336M substitution of the po-
lymerase subunit, which was reported in one study to be
associated with enhanced polymerase activity,19 is found
in the A/Hong Kong/470129/2013 but not other human or
avian A(H7N9) isolates (Table 2 and Table 3). The mutations
V236I, K261E, N322T, N341D, and K460R of the NA gene,
that were first identified in the A/Zhejiang/22/2013 and
A/Zhejiang/DTID_ZJU10/2013 strain isolated from patients
in October 2013,14 are not found in A/Hong Kong/470129/
2013.
Discussion

We reported the first case of severe A(H7N9) infection in a
Hong Kong patient returning from Shenzhen, China, who had
contact with poultry. She developed acute respiratory
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distress syndrome and rhabdomyolysis which were known
complications of A(H7N9) influenza.8 She also developed
elevated level of alanine transaminase, cytopenia, and
derangement in clotting profile. From our previous clinical
and histopathological studies of fatal cases, these may be
related tohepatic steatosis, disseminated intravascular coag-
ulation and reactive haemophagocytosis.3,8 If not for the sup-
portwith extracorporealmembrane oxygenation, the patient
may have developed other extrapulmonary complications
such as renal tubular dysfunction leading to renal failure. Un-
like most other previously reported fatal cases who were
elderly or had active underlying chronic illnesses, our patient
is young with no active autoimmune process and not on sys-
temic immunosuppressives. While two out of 18 cases of
A(H5N1) infections in Hong Kong in 1997 were domestic
helpers with history of visiting live poultry market,20 the
Hong Kong A(H7N9) patient was also a domestic home helper
with a history of visiting live poultry market in Shenzhen,
slaughtering and cooking of chicken.

Although influenza virus A(H7N9) has been isolated from
avian species for many years, it was not until March 2013
when the first human case was reported.21 Phylogenetic
studies using A(H7N9) viruses isolated from spring and early
summer of 2013 showed that the human A(H7N9) virus was a
reassortant of different avian influenza A viruses.4,22,23 The
HA gene was most closely related to A(H7N3) viruses and
A(H7N9) viruses in wild birds. The NA gene was most closely
related to influenza A(H2N9) and A(H11N9) viruses of wild
birds from Hong Kong and mainland China. The internal
genes MP, NP, NS, PA, PB1 and PB2 were most closely
related to avian A(H9N2) viruses circulating in the domestic
poultry of China. In earlier studies comparing human
A(H7N9) isolates obtained from patients in spring 2013, it
was found that the internal genes appeared to come from
multiple sources.21,24 The PB2 gene of the human A(H7N9)
strains isolated during spring and early summer of 2013
clusters closely together.22,23 To monitor the evolution of
the A(H7N9) virus, we have analysed the genomic sequence
of the A(H7N9) virus (A/Hong Kong/470129/2013) causing
severe pneumonia in a 36-year-old lady from Hong Kong in
November 2013. We have shown that while the HA, NA,
and MP gene of A/Hong Kong/470129/2013 cluster with
other human A(H7N9) isolates, the PB2, PB1, and NS genes
are closely related to the A/Guangdong/1/2013 isolated in
August 2013 but distinct from other human and avian
A(H7N9) viruses detected during the spring outbreak in
China. The PA gene of A/Hong Kong/470129/2013 does
not cluster with any human or avian A(H7N9) strains but
clusters with avian A(H9N2), A(H6N2) and A(H7N7) viruses.
Taken together, the phylogenetic analysis indicates that



Table 1 Amino acid substitutions well known to be associated with mammalian adaptation, viral replication and antiviral
resistance.

Date of
collection

Significance Site Virus strain

A/Hong Kong/
470129/2013

A/Guangdong/
1/2013

A/Zhejiang/
DTID_ZJU10/2013

30 November
2013

10 August 2013 14 October 2013

HA (H7 numbering) Mammalian adaptation 177 V V V
Increased binding to a2,6-linked sialic
acid receptor

217 L L L

NA
(human N9
numbering)

Resistant to neuraminidase inhibitors 289 R R R

M2 Resistant to adamantanes 31 N N N

PB1 Enables droplet transmission in ferrets 368 V V V

PB2 Enhanced polymerase activity 89 V V V
Enhanced polymerase activity 271 T T T
Improved viral replication at 33 �C 627 K K E
Mammalian adaptation 701 D D D
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the A/Hong Kong/470129/2013 is a novel reassortant pre-
sumably originated from reassortment event involving A/
Guangdong/1/2013 (H7N9) and other avian influenza A vi-
ruses in the field.

Many of the amino acid differences between the A/Hong
Kong/470129/2013 and A/Guangdong/1/2013 isolates lie in
the polymerase proteins which may affect the polymerase
function and virus replication efficiency in mammalian
hosts including humans (Table 3).25 In the PA protein, the
Table 2 Unique amino acid substitutions present in the A/Hong

Protein Site A/Hong Kong/
470129/2013

HA (H7 numbering) 122 A

NA (human N9 numbering) 259 V

PB2 139 I
283 I
286 G
569 A
676 V

PB1 178 D
682 V

PA 336 Mb

NP 313 L
359 A
433 A

NS1 20 R
a Only virus isolates available on NCBI Influenza Virus Resource data

quences available (except A/Guangdong/1/2013) was: HA, 123; NA, 1
b Associated with enhanced polymerase activity in one study.23
L336M was only present in the A/Hong Kong/470129/2013
but not A/Guangdong/1/2013 strains or other human or
avian A(H7N9) strains. In fact, L336M substitution is
conserved among the 2009 pandemic A(H1N1)pdm09 virus
isolates but rarely found in other human or avian influenza
viruses.19 PA L336M substitution has been shown to increase
the polymerase activity. Mice challenged with recombinant
A(H1N1) virus containing PA L336M substitution had more
body weight loss and higher lung viral titres than those
Kong/470129/2013 and/or A/Guangdong/1/2013.

A/Guangdong/1/2013 Other human and
avian A(H7N9) virusesa

A T

I I

I V
M M
S S
T T
V M or T

E E
I I

L L

F F
S S
T T

K K

base before 10 December 2013 were analysed. The number of se-
18; PB2, 104; PB1, 99; PA, 98, NP, 100; NS1, 101.



Table 3 Differences between A/Hong Kong/470129/2013
and A/Guangdong/1/2013.

Protein Site A/Hong Kong/
470129/2013

A/Guangdong/
1/2013

HA
(H7 numbering)

47 R K
267 N D
282 S N

NA (human H9
numbering)

259 V I

PB2 283 I M
286 G S
292 I V
569 A T

PB1 105 H N
171 M V
178 D E
374 A V
397 I M
682 V I
694 N S

PA 100 V A
336 M L
343 A T
356 K R
394 D N
519 N T

NP 313 L F
359 A S
371 M I
375 D E
433 A T
482 S N

NS1 20 R K

M1, M2, NS2 No
difference
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infected with the wild type virus, suggesting that PA L336M
substitution is associated with higher pathogenicity in
mammals.19 This may have important clinical significance
because our patient had no risk factors for severe influenza
but she developed very severe pneumonia with rapid pro-
gression to acute respiratory distress syndrome which
finally required respiratory support by extracorporeal mem-
brane oxygen. Moreover she also had multi-organ dysfunc-
tion as evident by impaired liver function and coagulation
profile, cytopenia and rhadomyolysis. Another substitution,
PB2 V139I, was identified only in the A/Hong Kong/470129/
2013 and A/Guangdong/1/2013 strains, but not in other hu-
man or avian A(H7N9) strains. A previous study has also
shown that V139I was enriched in human A(H7N7) viruses
when compared to avian A(H7N7) viruses.26 Further studies
should be performed to ascertain the importance of these
substitutions in A(H7N9) in terms of viral polymerase activ-
ity, viral load and cytotoxicity in infected cell lines or chick
embryo, and virulence in animal challenge.
Monitoring for mutations associated with antiviral resis-
tance is important for treatment decisions. Previous studies
have shown that R289K mutant, which confers reduced
susceptibility to neuraminidase inhibitors, could emerge
quickly after treatment with neuraminidase inhibitors.27,28

However, R289K mutation was not found in the A/Hong
Kong/470129/2013 strain, suggesting that this strain remain
susceptible to neuraminidase inhibitors. We have per-
formed direct sequencing from the endotracheal aspirate
sample to decrease the chance of mutations being enriched
during viral replication in the cell or chicken egg culture.29

We have also manually inspected the sequence chromato-
gram to observe for double peaks which signify the pres-
ence of quasispecies in the original specimen. Although
we did not observe any double peaks, we cannot exclude
the possibility of a mutant quasispecies population present
in low frequency.

Since our study analysed gene sequences only from
publicly accessible database, one limitation is that there
may exist other human or poultry A(H7N9) strains that is
closely related to our present isolate. In summary, our
results showed that the A(H7N9) virus continues to evolve in
nature and novel reassortants are likely to emerge in the
future. Further studies are necessary to understand the
virulence and transmissibility of this novel reassortant.
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