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Abstract: In March 2013, a novel avian influenza A H7N9 virus was emerged in
China, which cause rapidly progressive pneumonia and with a high fatality rate.
Serologic studies to evaluate neutralizing antibodies of infected patients and birds are
invaluable tools for immunogenicity research of H7N9 and epidemiological
investigation. Conventional neutralization assays are laborious and time-consuming
which also hampered by biosafety requirement. In this study, We construct and
produce pseudovirus bearing the full-length hemagglutinin (HA) of H7N9 virus in the
Env-defective, luciferase-expressing HIV-1 backbone. The production of lentiviral
pseudovirus was analysed by HA gene specific real-time reverse-transcription PCR,
transmission electron microscopy (TEM), and Western Blot assay to prove the nucleic
acid replication, the morphology of virus, and the expression of HA protein in
pseudovirus. After that pseudovirus based inhibition assay was established to detect
neutralizing antibodies of a panel of serum samples. Our results demonstrated that
H7N9 pseudovirus which had single-cycle infection was generated. By comparing the
neutralization antibody titers, pseudovirus based neutralization test could be
recognized as an alternative of conventional microneutralization (MN). Hence, we
conclude that it is possible to use pseudovirus inhibition assay to screen sera samples,
as well as evaluate vaccine-induced neutralizing antibodies against H7N9 virus.
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1. Introduction
Since March 2013 an outbreak caused by the avian-originated influenza A virus
H7N9 subtype was emerged in eastern China[1]. Patients were characterized by
rapidly progressive pneumonia, respiratory failure, acute respiratory distress
syndrome and even with 35% fatality rate [2-4]. It has caused serious concerns for
public health throughout the world.
Influenza A virus (IAV) are enveloped RNA viruses which belongs to the family
Orthomyxoviridate. Its genome consists of eight negative-sense RNA segments that
together code for a minimum 10 proteins. Classification of IAV is based on the two
surface proteins hemagglutinin (HA) and neuraminidase (NA). To date, 16 HA (H1H16) and 9 NA (N1-N9) subtypes have been identified in avian natural
reservoirs[5].This novel avian influenza A H7N9 virus originated from re-assortment
of at least four avian influenza viruses. The H7 gene is derived from avian influenza
viruses of duck origin, and N9 gene transferred from migratory birds infected with
avian influenza viruses. Other six gene segments are from two different groups of
avian H9N2 viruses. After re-assortment, the novel H7N9 virus has acquired some
characteristic mutations that facilitate viral recognition of human-type receptors and
efficient replication in mammals. [6, 7]
The real-time reverse-transcription PCR (RT-PCR) is a recommended method to
detect the shedding of viral RNA which is often performed in early diagnosis [8, 9].
After the virus shedding period, serologic assays are performed to detect virus
specific antibodies [10, 11].
The haemagglutination-inhibition (HAI) assay is a traditional, reliable and
relatively simple method for serological screening of influenza virus [12] even
through it is well know that HI titers can vary between laboratories. As an alternative,
HA subtypes specific enzyme-linked immunosorbent assays (ELISA) are used to
detect specific antibodies for HA [13]. Both these two assays cannot detect virusspecific neutralizing antibodies. Virus neutralization assays, which are represented by
microneutralization (MN), aims to evaluate neutralizing antibodies. Moreover, MN is
limited for the need of biosafety-level 3 (BSL-3) containment facilities [14], and the
process is time-consuming and laborious.
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Lentivirus mediate pseudovirus bearing heterologous viral glycoproteins have been
described for several avian influenza viruses including H7N7 [15], H5N1[16,
17],H3N2[18] and H1N1[19]. Pseudovirus particles have the ability of a single round
infection and do not produce live virus. Therefore it can be produced in lower
biosafety requirements than the wild type virus. Pseudovirus based assay for detecting
subtype H7N9 neutralizing antibodies have been recognized as reliable and safe
alternatives for MN.
Here we describe a system to produce lentiviral pseudotype particles with H7
hemagglutinin isolated from a patient in WuXi in 2013. H7N9 pseudovirus shows
similar characteristics as live virus. Our data indicate that this pseudovirus will be a
useful tool in serodiagnostic assay, evaluation of neutralizing antibodies,
identification of drug-resistant mutations.
2. Results
2.1 Production of infectious lentiviral H7N9 pseudovirus.
To obtain pseudoviruses bearing HA segment of H7N9, full-length of HA genes
were constructed to pcDNA3.0 vector to form pcDNA3.0-HA recombinant plasmid.
293T cells cultured in dish were co-transfected with lentivirus vector pCD-HR’8.3,
pCD-HR-Luc and pcDNA3.0-HA by using lipofectamine 2000. 48h after transfection,
supernatant was clarified by centrifugation and stored at -80℃ in aliquots.
RNA of supernatant was extracted and RT-PCR was performed to test the
amplification of HA segments. By using specific primers and probes, HA genes in
pseudovirus were amplified and the average Ct value was 14.3. It suggested that after
co-transfection the mRNA of pseudovirus carrying HA gene was transcribed and
translated in host cells.
To further understand the morphology of pseudovirus, the supernatant of
transfected 293T cells was characterized by electron microscopy. As shown in Figure
1, the morphology of pseudovirus resembles the morphology of influenza virus with
spikes on the surface, and the size ranged from approximately 100 to 120 nm.
To confirm the HA expression in pseudovirus particles, Western Blot was
performed. As shown in Figure 2, the band with sizes of 75 kD corresponding to the
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size of HA protein was revealed by using H7N9 virus immunized mouse sera. It
demonstrated that HA protein had been expressed in lentiviral particles successfully.
2.2 Infectivity kinetic pattern and CCID50 detection of pseudovirus
As described in former, pseudovirus particles bearing HA segment of H7N9 were
generated. Pseudovirus particles have the ability of a single round infection and do not
produce live virus. As the luciferase reporter gene was carried in the genomic RNA of
the pseudovirus, its infectivity can be quantified by luciferase activity in virusinfected cells. The kinetic pattern of H7N9 pseudovirus was determined by measuring
luciferase activity of infected MDCK cells over a time course. The value of RLU
peaked at 16 hours post-infection which about 106 RLU/mL and decreased gradually
with time (Figure 3).
For CCID50 detection, MDCK cells were infected by serially diluted pesudovirus.
16 hours post-infection, which was the peak point of RLU, cells were harvested and
RLU was tested. By using the Reed-Muench method, the 50% cell culture infective
dose was 103.88.
2.3 Pseudovirus particle neutralization test
The Pseudovirus particle based neutralization assay was carried out on 8 human
serum and 8 mouse serum samples. Neutralizing antibodies of these samples were
also detected by microneutralization assay using live virus. Eight convalescent-phase
serum samples confirmed by clinical diagnosis and real-time RT-PCR were all able to
inhibit the single infection of pseudovirus by reducing RLU values of luciferase
reporter genes (Fig 4A). Pseudovirus neutralization had no species-specificity, the
same results were also found in mouse samples (Fig 4B). Comparing results of
neutralizing antibody titers, these two methods had a good correlation, and no
statistically significant difference was found both in human and mouse serum samples.

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 January 2017

doi:10.20944/preprints201701.0033.v1
5 of 14

3. Discussion
Pseudovirus has the ability to express heterologous protein in the surface of
particles. As live virus, it could undergo the steps of attachment, fusion and
expression of reporter gene, but it cannot form infectious virus due to lacking of
structural genes [20]. In this study we demonstrated that H7N9 HA pseudovirus
exhibited similar characters as wild type H7N9 live viruses in replication, morphology
and HA expression on the surface of particles.
We have confirmed that H7N9 HA pseudovirus based neutralization assay is an
alternative approach for serologic screening when H7N9 emergent in China. Results
of pseudovirus neutralization assay have no difference in antibody titers with
conventional microneutralization. Besides, pseudovirus neutralization assay is more
convenient and time-saving than the former. The process of pseudovirus package and
neutralizing antibodies test could be completed about 2 weeks. However, traditional
virus isolation, TCID50 detection and neutralization may need several months even
years.
Pseudovirus based inhibition could be used in high pathogenicity virus in a lower
BSL laboratories. The propagation and operation of avian H7N9 virus need BSL-3
containment facilities, but pseudovirus related assay can be performed in laboratories
equipped with BSL-2 facilities. And it could be used for some viruses which are hard
to culture or isolate or even impossible to get live virus [21, 22], as genes of target
virus could be downloaded and synthesized for psedovirus package
In this study, RLU values were used as the endpoint of H7N9 neutralization assay.
RLU values were measured by using Fluorometer, which is suited for automated high
throughput screening in 96-well even 384-well plates. So it is convenient to get largescale seroprevalence studies on human and animal sera.
Therefore, in this manuscript, the pseudovirus of provides a safe, time-saving,
quantitative, and high-throughput tool for many basic researches of H7N9 avian virus
viruses.
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4. Materials and methods
4.1 Cells, viruses and sera
293T cells and Madin-Daby canine kidney (MDCK) cells were both cultured in
Dulbecco’s Modified Eagle Medium (DMEM; Gibco) supplemented with 10% fetal
bovine serum (FBS), penicillin (100 U/ml) and streptomycin (100 μg/ml) at 37°C
with 5% CO2. Avian influenza H7N9 viruses A/Wuxi/1/2013 (H7N9) (GenBank:
KF034914.1) which was isolated by our laboratory was grown in MDCK cells and
used for cDNA in this study. BALB/c mice were immunized with inactived H7N9
virus and sera were collected in the former paper [23]. Human sera (n=8) were
collected at convalescent-phase of H7N9 infected patients confirmed by viral RNA
detection using real-time polymerase chain reaction kit ( World Health Organization
TaqMan assay) provided by WHO Collaborating Center for Reference and Research
on Influenza at Chinese National Influenza Center. Negative human sera were
collected and kept by our laboratory.
4.2 Recombinant plasmid construction
The QIAamp Viral RNA kit (Qiagen, Santa Clarita, CA, USA) was used to extract
genomic RNA of H7N9 virus from supernatant of infected MDCK cells. The
extracted RNA was subjected to reverse transcription PCR (RT-PCR) using
Transcriptor High Fidelity cDNA Synthesis Kit (Roche, Penzberg, Germany) to
generate cDNA. The HA gene was amplified with primers containing KpnⅠ and Xho
Ⅰ enzyme sites: F-HA, 5’- GGGGTACC CACCATGAACACTCAAATCCTG-3’ and
R-HA 5’ CCGCTCGAGTTATATACAAATAGTGCACC-3’. The PCR segments
were digested with specific enzymes and cloned to pcDNA3.0 vector to form
pcDNA3.0-HA recombinant plasmid.
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4.3 Production of H7N9 pseudovirus bearing HA
To generate H7N9 pseudovirus, we carried the procedure as ViraPower™
Lentiviral Expression Systems kit (Invitrogen, USA). Briefly, 6х106 293T cells
cultured in a 10cm dish were co-transfected with 3μg pcDNA3.0-HA and 3μg pCDHR 8.3 and 3μg pCD-HR-Luc by using 36μl lipofectamine 2000 (Invitrogen, USA).
Cells were washed once with phosphate-buffered saline and the medium was replaced
with DMEM (10% FCS) at 6 h post-transfection. The pseudovirus containing
supernatant was harvested at 48 h and stored at -80℃ in aliquots until used in the later
assay.
4.4 Reverse transcription-PCR (RT-PCR)
Supernantants from the co-transfected 293T cells were collected and RNA was
extracted using QIAamp Viral RNA Mini Kit (Qiagen, Germany) according to the
manufacturer’s instructions. RT-PCR was performed using the SuperScript III
Platinum One-Step Quantitative RT-PCR kit (Invitrogen, USA) on an
ABI 7900 real-time PCR system (ABI, USA) with WHO issued primers and probes
according to the WHO recommended protocol.
4.5 Transmission electron microscopy (TEM)
To perform electron microscopy, 48 hours post-transfection, 293T cells were fixed
with 0.25% glutaraldehyde and 1% osmium tetraoxide, dehydrated with ethanol, and
then embedded in epon resin. Thin sections were stained with lead citrate and uranyl
acetate and observed by electron microscope.
4.6 Western Blot Analysis
Culture supernatants were harvested without concentration, then electrophoresed in
NuPAGE 4%–12% Bis-Tris gradient gel and transferred to nitrocellulose membrane
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(GE Healthcare, Piscataway, USA). Membranes were blocked by 10% skimmed milk
for 1 h at room temperature (RT), and incubated with diluted (1:1000) H7N9 virus
immunized mouse sera for another hour at RT. After intensive washing, the
membranes were incubated with HRP- conjugated second antibodies. Protein bands
were visualized by 3,3’diaminobenzidine (DAB) (Boster Bio, Wuhan, China)
according to the manufacturer’s instructions.
4.7 Determination of CCID50
A tube of pseudovirus was taken out of the -80℃ refrigerator and thawing in room
temperature for use. MDCK cells were infected by adding pseudovirus, and the
infectivity of pseudovirus was reflected by testing the relative luciferase units (RLU）
of cell lysis. After infection, the value of RLU was tested at an interval of 4 hours.
The titration of pseudovirus particles was determined by measuring the 50% cell
culture infective dose (CCID50) using a microtitration assay. Briefly, 100μl of
pseudovirus supernatants were diluted serially 5-fold in quadruplicate in 96-well
plates. About 2х104 MDCK cells were added and mixed gently to each well. After
incubation at 37°C with 5% CO2 for 16h, cells were harvested for measuring
luciferase activity using a luciferase assay kit (Promega, Madison,WI,USA) according
to the manufacturer’s instructions. Briefly, cells were lysed by adding 100μl of
reporter lysis buffer (Promega), and the RLU in cell lysates were measured using
Fluorometer. The RLU value which exceeds the mean + 2 standard deviation (S.D.)
of negative control was considered positive. The CCID50 which was determined as
the median (50%) tissue culture infective dose could be calculated by the ReedMuench method.
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4.8 Pseudovirus particle neutralization test
Each human sample need to be heat-inactivated at 56℃ for 30 min. 50μl of serum
was diluted serially 2-fold in triplicate from 1:8 to 1:1024 in 96-well plates. H7N9
pseudovirus (200 CCID50 per 50μl) were added to each well to the plate and
incubated at 37°C with 5% CO2 for 1 h. After the incubation, MDCK cells (2х104
cells in 100μl) were added to each well and incubation at 37°C with 5% CO2 for 16h.
The RLU values of the infected cells were measured at the end time. The 50%
inhibitory concentration (IC50) titer was determined by the reciprocal of the last
dilution that resulted in ≥50% reduction of luciferase activity. The inhibition
percentage was calculated as follows:
=

−

×

%

4.9. Statistical Analysis
Statistical significance of the serum neutralizing antibody titer datum was assessed
using the one-way ANOVA and Tukey HSD test. A p-value < 0.05 was considered
significant. Statistical analyses were done using GraphPad Prism 5.0 software.
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Fig. 1. Electron microscopy image of pseudovirus particles. Transfected 293T cells
were fixed, dehydrated, embedded, stained with lead citrate and uranyl acetate, and
observed by electron microscopy.

Fig. 2. Analysis of HA expressed in pseudovirus by Western blotting using H7N9
virus immunized mouse sera. The band with the molecular weight of 75kD is equal to
the size of hemagglutinin (HA).
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Fig. 3. To detect the kinetic pattern of pseudovirus infection processes. Pseudovirus
was added to cells in 96-well plates. The RLU values were tested at an interval of 4
hours in 24 hour. Each performed in quadruplicate. Data was expressed as mean with
a standard deviation (SD) bar.
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Fig. 4. Compare neutralizing antibody titers between microneutralization and
pseudovirus neutralization. Eight human serum samples in convalescent-phase (A)
and eight H7N9 virus immunized mice serum (B) were all evaluated by
microneutralization and pseudovirus neutralization. Data from each group were
expressed with a S.D. bar.
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