
Journal of Clinical Laboratory Analysis 27: 450–460 (2013)

A One-Step RT-PCR Array for Detection and Differentiation of
Zoonotic Influenza Viruses H5N1, H9N2, and H1N1

Yao Chen, Tiancai Liu, Lijuan Cai, Hongyan Du, and Ming Li∗
School of Biotechnology, Southern Medical University, Guangzhou, People’s Republic of China

Background: Rapid and comprehensive
pathogen identification is crucial in zoonotic
influenza diagnosis. Methods: By optimiz-
ing the design of primers and probes and
reverse-transcriptase polymerase chain re-
action (RT-PCR) conditions, we achieved si-
multaneous detection of multiple influenza
and zoonotic influenza viruses, including
H1N1, H5N1, and H9N2 strains, in a one-
step, quantitative real-time RT-PCR array
(rRT-PCR array) of RNA from multiple in-
fluenza strains utilizing a single set of con-
ditions for RT-PCR amplification. The tar-
get sequences from all targeted zoonotic
influenza viruses were cloned into recombi-
nant RNA virus particles, which were used
to evaluate sensitivity, specificity, and repro-
ducibility of the zoonotic influenza viruses
RT-PCR array. Results: The detection limit
of the array was shown to be between 100

and 101 copies per reaction, and the stan-
dard curve demonstrated a linear range
from 10 to 106 copies. Thus, the analytical

sensitivity of this zoonotic influenza viruses
RT-PCR array is 10–100 times higher than
conventional RT-PCR. Specificity of the
one-step zoonotic influenza viruses RT-
PCR array was verified by comparison of
results obtained with retroviral-like particles
(RVPs), which contained RNA from iso-
lates of seasonal influenza viruses, zoonotic
influenza viruses, and other pathogens
known to cause acute respiratory disease.
Conclusion: The high sensitivity, rapidity, re-
producibility, and specificity of this zoonotic
influenza viruses rRT-PCR array has been
verified as being sufficient to detect the
presence of multiple zoonotic influenza
viruses in a single assay. The zoonotic in-
fluenza viruses RT-PCR array might provide
rapid identification of emergent zoonotic
influenza viruses strains during influenza
outbreaks and disease surveillance initia-
tives. J. Clin. Lab. Anal. 27:450–460,
2013. C© 2013 Wiley Periodicals, Inc.
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INTRODUCTION

Influenza A viruses belong to Orthomyxoviridae, a
family of enveloped, negative-sense, segmented, single-
stranded RNA viruses. Genetic reassortment of avian,
swine, and human influenza viruses could cause novel
viruses containing animal virus genes transmitting to
humans (1–3). The two major antigens used to distin-
guish between strains of influenza A are surface antigens,
hemagglutinin (HA or H), a protein that causes red blood
cells to agglutinate, and neuroaminidase (NA or N), an
enzyme that cleaves the glycosidic bond of neuraminic
acid. There are multiple subtypes of both H and N pro-
teins expressed on influenza envelopes, each with distinct
amino acid sequence characteristics. However, each in-
fluenza virus typically expresses a single H subtype and N
subtype, so influenza strains are often classified according

to their expressed H & N subtypes (4–7). This combina-
tion of the H subtype and N subtype not only helps to
identify different strains of influenza A, but it provides
clues to the origin of the virus, which may be zoonotic.
For example, influenza A viral subtypes H1N1 H1N2,
H2N1, H3N1, H3N2, and H2N3 are commonly associ-
ated with influenza infections in pigs. Other influenza A
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viral subtypes, including H9N2 and H5N1, are almost
exclusively found in avian populations (1, 3, 8–10).

While H1N2 and H3N2 influenza A subtypes are com-
monly seen in seasonal influenza disease surveys, during
the flu season of 2009 “swine flu,” a number of human
cases was caused by influenza with an H1N1 subtype
(6, 11, 12). More recent influenza virus epidemic in Asia
and Europe, caused by H5N1 and H9N2 subtypes, respec-
tively, indicates that zoonotic influenza viruses are capa-
ble of infecting humans directly (4,13,14). The prevalence
and pandemic potential of zoonotic influenza has raised
concern among public health authorities.

Influenza A viruses of the H1N1 subtype are known
to infect birds and pigs. However, several incidences of
influenza in the 20th century have been attributed to the
H1N1 subtype, including an outbreak in the United States
in 1976 and a zoonotic infection in Wisconsin (USA)
in 1988 during a swine influenza outbreak (1). Also, the
global “Spanish flu” pandemic of 1918 appears to have
been due to the H1N1 subtype (4,16). This pandemic was
particularly virulent and had a high mortality rate, leading
to 50–100 million people dead worldwide. In the 21st cen-
tury, a new outbreak of H1N1 in the human population
emerged (2). This zoonotic, emergent H1N1 viral subtype
demonstrated an exceptionally rapid geographical spread
with sustained human–human transmission. This led the
World Health Organization (WHO) to declare this event
the first influenza virus pandemic of the 21st century on
11 June 2009. Although the threat to human population
from H1N1 is significant, previous exposures of the hu-
man population to H1N1 viral subtypes provide some
inherent immunity (4,10,15,17). This is evidenced by the
fact that, at the present time, H1N1, H1N2, and H3N2
are the only known influenza A virus subtypes commonly
circulating among humans (3).

It is feared that zoonotic influenza outbreak associated
with a novel subtype could be much more virulent or have
a much higher mortality rate in the human population.
Fortunately, most zoonotic influenza infections in humans
are not readily transmissible to other humans. However,
should a particular zoonotic strain gain human-to-human
transmissibility, an influenza pandemic of zoonotic origin
could be much more virulent, due to a lack of immu-
nity to the novel influenza virus in the general population
(17–20).

The threat posed by highly pathogenic avian influenza A
H5N1 viruses to humans is also significant. A total of 499
human cases in 15 countries with a high case fatality rate
(approximately 60%) had been reported and confirmed by
laboratory testing (11,14,21,22). Although the H9N2 has
a lower fatality rate than H5N1, the WHO earlier warned
that H9N2 could trigger a global influenza outbreak in
humans and, therefore, needs to be closely monitored.
H9N2 subtype of avian influenza in China is currently

still the main type of bird flu pandemic (13,23,24). H7N7
virus is another highly pathogenic avian influenza virus
(AIV) that has been reported to be responsible for iso-
lated zoonotic infections in China, but it had not been
isolated or confirmed by laboratory tests (25, 26). Most
recently, in early 2013, reports of zoonotic infections by
an H7N9 strain of AIV has been reported with a fairly
high mortality rate (6) deaths in 14 cases reported on the
eastern coast of China, as of early April 2013)

The diagnosis of zoonotic influenza is made according
to epidemiological history, clinical manifestations, and
laboratory test results. Ideally, it should be differential di-
agnosis of influenza versus the common cold, severe acute
respiratory syndrome (SARS), infectious mononucleosis
syndrome, cytomegalovirus infection, bacterial pneumo-
nia (associated with Streptococcus pneumonia in roughly
50% of cases, Haemophilus influenzae in 20%, Chlamy-
dophila pneumoniae in 13%, and Mycoplasma pneumoniae
in 3% of cases, as well as other bacteria in rare instances),
viral pneumonia, fungal pneumonia, and other diseases
(6, 25, 27, 28). However, the most convincing evidence of
influenza infection is positive detection of influenza viral
proteins or genes by immunologic or polymerase chain
reaction (PCR) detection methods, respectively.

A variety of techniques had been used for the detection
and identification of influenza viruses. Many standard lab-
oratory methods depend upon viral isolation and growing
isolated virus particles in tissue or chicken embryos (in
fertilized eggs) (4). Once the virus is isolated and grown
in sufficient quantities, further tests can be performed.
Hemagglutination inhibition (HI), an immunologic test
procedure, is commonly used for subtyping and identi-
fying antigenic variation of influenza A viruses (29–31).
HI is a very sensitive assay, but it depends upon the pres-
ence of infectious particles in the original sample and
upon successful extraction and preservation of viable vi-
ral specimens, as well as a 1- to 2-week incubation period
is needed for growing influenza virus particles. Addition-
ally, laboratory safety regulations that require viral iso-
lation of highly pathogenic AIV be performed in P2 or
P3 laboratory (biosafety level 2 or 3, respectively) (5).
Therefore, the HI method has limited usefulness in most
emergency cases. More rapid tests, based on antigen de-
tection by enzyme-linked immunosorbent assay or direct
immunofluorescence, are carried out for the detection of
the virus as well. Although the sensitivity and specificity of
these techniques make them suitable for many diagnostic
applications, they have limited applications in detection
of influenza A virus infection of zoonotic origin, as novel
virus antigens may remain undetected, resulting in false-
negative diagnoses (20, 29, 32).

PCR is one of the most sensitive and specific techniques
that have been developed for typing and subtyping of
influenza viruses. Identification of influenza viral type,
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subtype, and virulence of different strains by DNA se-
quencing and structure analysis of PCR-generated ampli-
cons can be accomplished using template DNA or RNA
obtained from clinical patient samples or virus isolated
and grown in embryonic culture (33, 34). However, PCR-
based detection of pathogenic microorganisms has its own
difficulties and limitations. First, it is well known that the
sensitivity and specificity of a PCR assay is highly de-
pendent on the sequence of the target gene(s), primer
sequences, DNA extraction procedures, and the specific
PCR techniques and PCR product detection methods em-
ployed. Also, standard methods of PCR do not represent
a quantitative analysis of the nucleic acid template. To
solve this latter problem, quantitative, fluorescence-based
real-time PCR assays (often referred to as qPCR or RT-
PCR) have been developed in different formats (27,28,35).
In quantitative PCR techniques, quantification is deter-
mined based upon the number of amplification cycles
necessary to generate a fluorescent signal intensity high
enough to be significantly above the background, that is,
a signal threshold. The number of cycles required to reach
the signal threshold is often referred to as the Ct or Cq (“t”
referring to threshold and “q” to quantitation). The rela-
tionship between the Ct value and the template concen-
tration is inversed. Thus, a higher Ct value corresponds
to a larger number of amplification cycles, indicating a
lower initial concentration of template, and vice versa.
The change in Ct (�Ct) can be used to describe differ-
ences in template concentration when comparing samples
Ct values to that of a known standard. These methods
exhibit good sensitivity, broad dynamic range, and are ca-
pable of detecting all influenza virus subtype (9,30,33,36).
However, a PCR-based assay that can be used to analyze
multiple DNA/RNA amplicons, representing multiple in-
fluenza virus subtypes, in a large volume of samples had
yet to be developed (34).

PCR “gene arrays,” (PCR methods based on the
fluorescence-based real-time PCR (RT-PCR) assay and
intended to amplify multiple amplicons in parallel), are
newer, miniaturized, and automatic techniques that pro-
vide a rapid, simultaneous analysis of multiple amplicons
in large number of samples. Its outstanding feature is its
integration of multiple PCR reactions in parallel, minia-
turization (low reaction volumes), high throughput, and
automated detection of fluorescent signal intensities after
every amplification cycle and generation of amplification
plots and calibration curves (for quantification) (37, 38).
By detecting the fluorescent signal intensity of multiple
amplicons simultaneously, an RT-PCR array could de-
termine the presence and abundance of low-abundance
DNA and/or RNA from various microorganisms simul-
taneously. This would allow researchers to distinguish be-
tween multiple potential pathogen species, strains and/or,
subtypes that might be present in the samples in a single

rapid, sensitive, and high-throughput assay (28,33,37,39).
Therefore, this technology has great potential for epidemi-
ological screening for microbial pathogens.

In this study, influenza type A virus specific
primer/probe sets were designed for the rapid detection
of influenza virus A, while specific primer pairs and flu-
orogenic probes for the identification of zoonotic viruses,
such as the zoonotic influenza virus H1N1, H5N1, and
H9N2 subtypes, were also designed to create a novel, one-
step, real-time PCR array system, which could be used for
qualitative and quantitative analysis of zoonotic influenza
viral subtypes in a simple experiment and that could pro-
vide a highly specific, highly sensitive method for zoonotic
influenza virus detection.

MATERIALS AND METHODS

Viruses and Samples

The reference-laboratory strains used in this study
were obtained from the Chinese Centers for Disease
Control and Prevention (CDC), in the FuJian province
of China, including zoonotic influenza virus subtypes
(H1N1, H5N1, and H9N2), endemic seasonal influenza
virus subtypes (parainflueza/influenza A/H1N1, in-
fluenza A/H3N2, influenza B/Victoria, and influenza
B/Yamagata), Legionella pneumophila, Brucella species,
and Streptococcus suis. RNA/DNA was extracted from
each sample using silicon-based spin columns, according
to the manufacturer’s instruction. Briefly, 140 μl of clinical
samples was loaded on each spin column for RNA/DNA
isolation, and the RNA/DNA bound to the spin column
was eluted with 40 μl of elution buffer.

Primers and Probes

All virus primers and/or probes were designed by us-
ing the published sequences of the endemic seasonal in-
fluenza viruses and zoonotic influenza virus subtypes (the
latter being defined in this study as H1N1, H5N1, and
H9N2). To assure specificity of the primers, an alignment
of similar genes from related organisms was performed
using National Center for Biotechnology Information’s
Basic Local Alignment Search Tool (BLAST R©) queries
to the GenBank database. Two primer and probe sets for
each virus (Table 1) were designed using the Primer 3.0 or
Primer 5.0 software. In our study, the best possible PCR
primers and probes had been designed through a series
of strict principles. To allow for using a single anneal-
ing temperature for every well in each PCR array, only
primer pairs with similar GC contents, melting tempera-
ture (Tm), and other chemical and physical properties are
used, and all of the amplified fragments were limited to
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TABLE 1. Sequences of Primers and Probes used in rRT-PCR Array

Target/gene Oligonucleotide Nucleotide sequence (5′→3′) Amplicon size (bp)

HA HA-f CTTGTCTTTAGCCATTCCATGAG 140
HA-r CTTCTAACCGAGGTCGAAACGT
HA-p (FAM)-CCTCTAGATCGGTGTTCTTCCCTGCA-(BHQ)

H1N1/NA H1N1-f TCAGAATGCAGATACATGTTTTTGT 126
H1N1-r CATATGTCTGATTTACCCAAGTGTT
H1N1-p (FAM)-TACAGCAAGAAGTTCAAGCCGGAAATAGC-(BHQ)

H5/HA H5-f ACGGCCTCAAACTGAGTGTTC 89
H5-r GCAGACAAAGAATCCACTCAAA
H5-p (FAM)-CAATAGATGGAGTCACCAATAAGGTCAAC-(BHQ)

H9/HA H9-f CAGATTTGTTGCACACAGCATC 110
H9-r GCTACCAGTCAACAAACTCCACAG
H9-p (FAM)-CCCATTGTGCTCTGTGTGGAGCAATTC-(BHQ)

Forward (f) and reverse (r) primers and probes (p) are indicated.
Detection probes were labeled with FAM at 5′ and BHQ at 3′.

95–150 bp. Detection probes were labeled with FAM at 5′

and BHQ at 3′ (Table 1).

Description of the Zoonotic Influenza Virus
Real-Time PCR Array

Since nucleic acid detection is the only available method
for the determination of suspected zoonotic influenza
virus cases at present, the array was designed to validate
and enhance ability of detecting zoonotic influenza virus
subtypes H1N1, H5N1, amd H9N2, while avoiding mis-
diagnosis of acute respiratory infections (ARI) caused by
other Influenza A virus subtypes and other pathogens.
Target-specific primer pairs and probes were added to ap-
propriate PCR wells, as intended to detect their respective
targets. Also added to each well was a set of universal
primers and probe specific for a region of HA gene that
is strictly conserved for most influenza A sequences avail-
able, as well as sets of primers and probes for H1N1, H5,
and H9 serum subtypes. The four-tube assay also took
into consideration the specificity and sensitivity of the
tests. The first tube contained primers for the influenza
A HA gene to screen for the presence of any zoonotic
influenza virus subtype, while the other three tubes en-
gaged sets of primers and probes for the H1N1, H5N1,
and H9N2 subtypes to screen for these zoonotic influenza
virus subtypes. We optimized the assay to use a single,
uniform set of real-time PCR conditions to achieve the
high levels of sensitivity, specificity, and reproducibility
expected of real-time PCR for each target in the zoonotic
influenza virus RT-PCR array.

Real-Time PCR (RT-PCR) Conditions

Total RNA was extracted using an E.Z.N.A. R© Viral
RNA Kit (Omega, Guangzhou, China) in accordance
with the manufacturer’s protocol. Purified RNA was

frozen at −80◦C in aliquots. One-step real-time PCR (RT-
PCR) analysis was performed using Applied Biosystems
7500 Real-time PCR System. RT-PCR reactions were
performed in capillary tubes in 25 μl volumes with 10
pM primers and 5 pM probe each reaction. The reac-
tion mixture, containing reaction buffer, MgCl2 buffer,
dNTPs, DTT, RNase-free H2O, and M-MLV and Hot-
start Taqman R© DNA polymerase, was incubated with
5 μl RNA sample per capillary tube. In vitro tran-
scribed RNA virus particles containing the target se-
quence were introduced as the positive control sample
and H2O was utilized as negative control sample. Be-
fore DNA amplification cycles were begun, the RNA
templates were reverse transcribed to produce the cor-
responding dsDNA templates during a two-step reverse
transcription procedure: 40◦C for 15 min and 50◦C for
30 min. DNA templates for the gene targets were then
subjected to an initialization step (1 cycle at 94◦C for
10 min), followed by 40 cycles of amplification: denatu-
ration at 94◦C for 30 s and annealing and elongation at
58◦C for 45 s.

In Vitro Nucleic Acid Synthesis and Standard RNA
Virus Standard Production

To validate the zoonotic influenza virus RT-PCR ar-
ray, RNA virus standards were constructed by inserting
a synthetic nucleic acid fragment containing the target
sequences into pLNCX, a retroviral expression vector,
according to the manufacturer’s instructions (Clontech).
An invalid coding fragment was also cloned to pLNCX
as the negative control. Gene sequence was confirmed by
gene sequencing (Applied Biosystems, USA). The plas-
mid pLNCX-flu and pLNCX-NA was propagated in Es-
cherichia coli DH5α cells, and serial ten-fold dilutions
were made to obtain samples containing 108–100 plasmids
per microliter. These dilutions were performed both to
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generate the standard curve for the real-time PCR and to
evaluate the titer of the recombination virus.

To create a cell line that could generate the virus-
like particles containing the target sequence stably, the
pLNCX-flu and pLNCX-NA were co-transfected in
GP2–293 cells with pVSVG vector, and the cells were cul-
tured with G418 selective medium for 7 days. The genes
encoding the viral gag and pol proteins are stably inte-
grated into GP2–293., but because the VSV-G envelope
protein causes toxicity by fusing cellular membranes, it
must be expressed transiently from pVSV-G during viral
packaging. Virus production was confirmed by PCR and
RT-PCR 48 hours later, and the virus titer was evaluated
once a week for three months by comparison of a stan-
dard curve generated by real-time PCR using the diluted
plasmid as the template.

Validation of the Sensitivity, Reproducibility, and
Specificity of the Assay

It is important to address the zoonotic influenza virus
RT-PCR array’s specificity and sensitivity with samples
obtained from natural specimens. The laboratory in-
fluenza virus isolates of zoonotic influenza virus sub-
types H1N1, H5N1, H9N2 were detectable using the
zoonotic influenza virus RT-PCR array. The specificity
of the zoonotic influenza virus RT-PCR array was con-
firmed by direct sequencing of the PCR amplicons from
the positive controls (obtained from reference laboratory
influenza A virus isolates of zoonotic influenza virus sub-
types H1N1, H5N1, and H9N2).

To test the specificity of the array, the primers and
probes for zoonotic influenza virus were tested using real-
time PCR under optimal conditions with templates con-
taining nucleic acid sequences from other pathogens that
typically cause ARI, such as isolates of endemic sea-
sonal influenza viruses in China (A/N1N1, A/H3N2,
B/Victoria, and B/Yamagata), L. pneumophila, Brucella
species, and S. suis PCR amplicons obtained with these
isolates were also verified by DNA sequencing. H2O was
utilized as a negative control.

To establish the limit of quantization (LOQ) of the as-
say, recombinant virus-like particles (RVLPs) containing
106, 105, 104, 103, 102, and 101 copies RNA per sample
were used as standard samples and run in triplicate. Sam-
ples containing 10 copies (101) and one copy per sample
(100) were also tested to estimate the limit of detection
(LOD) of the assay. We also compared the sensitivity of
the combined zoonotic influenza virus RT-PCR “array”
technique with those obtained using individual real-time
PCR (IRTP) or standard PCR techniques.

RNA virus standards with 107, 105, and 103 copies per
sample were used to evaluate the coefficients of variation
(CVs) of the zoonotic influenza virus RT-PCR array and

IRTP techniques. Intra- and interassay CVs for Ct values
were both included.

Data Analysis

The data and standard curves were obtained with in
vitro transcribed RNA virus particles containing the tar-
get sequence. Raw data were exported from the ABI 7500
software v.2.0.5 into Microsoft Excel 2007 (Microsoft,
Redmond, Washington, USA) for graphical and statistical
analysis. Results were expressed as means (average) and
standard deviation (SD). The intra- and interassay varia-
tions were expressed as CV, based on the mean Ct values.
Standard curve analysis was performed to determine the
LOD. The LOD was determined as 95% probability of ob-
taining a positive result. Correlation coefficients (R) were
calculated for linearity data.

RESULTS

Standard RNA Virus Like Particle Preparation

To validate the extraction and/or PCR procedures, in
vitro transcribed RNA virus particles containing the tar-
get sequence were introduced into the array and H2O was
utilized as a blank control (Fig. 1). DNase was added to
RNA virus particles prior to RT-PCR to avoid DNA con-
tamination. The standards for each assay were prepared in
duplicate to assess self-reproducibility. The reaction con-
dition of one step real-time RT-PCR was optimal and uni-
formed to detection of three kinds of high pathogenic AIV
through an experiment. Ct values for the four zoonotic in-
fluenza virus positive controls ranged from 12 to 20, while
Ct values for the negative control approached 40 cycles
(i.e., practically undetectable).

Sensitivity

In order to optimize the sensitivities of the zoonotic
influenza virus, RT-PCR array, recombinant RNA virus
particles (rRVPs) containing the target sequences were
prepared and tested by using the zoonotic influenza virus
RT-PCR array. The LOD was calculated using serial 10-
fold dilutions of the rRVP standard. Figure 2 presents the
experiments that indicate a linear correlation between the
Log (base 10) of the gene copy number and the Ct, with
a regression line showing a slope of −3.43 (R2 = 0.998),
−3.468(R2 = 1), −3.747 (R2 = 0.966), −3.274 (R2 = 0.965)
for HA, H1N1, H5N1, and H9N2, respectively. The LOD
of the rRVP standards corresponded to 101 or 100 RNA
copies per reaction (Table 2). These results demonstrated
that the zoonotic influenza virus RT-PCR array demon-
strated high sensitivity in detecting all four zoonotic
influenza virus subtypes tested. We also compared the
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Fig. 1. Identification of recombination RNA-virus-like particles. (A) PCR results for RNA virus like particles. (B) RT-PCR results for RNA virus
like particles. 1©-HA gene for all influenza A virus, 2©-H1N1subtype, 3©-H5N1 subtype, and 4©-H9N2 subtype. (C) The virus titer was validated
by real-time PCR with standard curve, and the virus titer were almost 107 copies per milliliter.

sensitivity of our zoonotic influenza virus RT-PCR array
with results using the same primers, probes, and templates
using IRTP and standard PCR techniques. The sensitivity
of standard PCR techniques was about 102 or 103 copies
per reaction. Thus, the zoonotic influenza virus RT-PCR
array had 10-fold advantage in sensitivity of zoonotic in-
fluenza virus detection compared to standard PCR. No
significance has been observed between our zoonotic in-
fluenza virus RT-PCR array compared with individual
real-time RT-PCR results for the zoonotic influenza virus
H1N1, H5N1, H9N2 subtypes.

Cross-Reactivity and Specificity Testing

The specificity of our zoonotic influenza virus RT-PCR
array was examined with the reference laboratory in-

fluenza virus isolates of zoonotic influenza virus (H1N1,
H5N1, and H9N2) and other pathogens that are also
known to cause ARI, including influenza virus isolates of
endemic seasonal influenza viruses in China (A/N1N1,
H3N2, B/Victoria, and B/Yamagata), L. pneumophila,
Brucella species, and S. suis from the Sino Centers for
Disease Control and Prevention (CDC), in the FuJian
province of China. No cross-reactivity had been observed
in the array as shown in Table 3. Three reference lab-
oratory clinical samples for H1N1, H5N1, and H9N2
virus, respectively, were used to validate the RT-PCR ar-
ray system, All samples also showed positive results when
tested using the zoonotic influenza virus RT-PCR array
platform. The specificity of the zoonotic influenza virus
RT-PCR array was also confirmed by direct sequencing
of the PCR amplicons from each assay well. BLAST anal-
ysis of the PCR products confirmed that the amplicons of
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Fig. 2. Standard curve of each virus of the RT-PCR array. Tenfold dilution series of RNA virus like particles (from 105–101 copies/μl) was plotted
against the threshold cycle. The coefficient of determination (R2) and equation of regression curve (y) calculated.

all assays were specific for their intended targets (data not
shown). These results indicated that the ability to detect
mixed zoonotic influenza virus infections is valuable.

Reproducibility

The intra- and inter-assay coefficients of variation (CV)
were calculated using three dilutions of rRVP, correspond-
ing to 107, 105, and 103 copies per sample, in order to sim-
ulate positive samples with a wide range of concentrations
(Table 4 presents the copy number, Ct values, intraassay
CV, and interassay CV based on the optimized primers
and probes used in our zoonotic influenza virus RT-PCR

array. The SD and CV values for detection of zoonotic
influenza virus subtypes H1N1, H5N1, and H9N2 were
in triplicate by real-time PCR, revealing that the our
zoonotic influenza virus RT-PCR array was reliable and
accurate.

DISCUSSION

The epidemics of zoonotic influenza in Asia and more
recently, in some parts of Europe, have caused consid-
erable public concern and raised the need for a means
of rapid determination of viruses subtypes in cases of
zoonotic disease outbreaks (1, 8).
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TABLE 2. Validation of rRT-PCR Array Sensitivity

Ct value

Assay Number of RNA (copies/reaction tube) RT-PCR array Individual RT-PCR Standard PCR

HA 100,000 21.79 21.19 +
10,000 25.54 26.07 +
1,000 30.78 29.77 +
100 34.16 33.84 −
10 37.67 37.23 −
1 − − −

H1N1 100,000 19.50 19.77 +
10,000 22.50 22.61 +
1,000 25.13 26.48 +
100 28.34 28.30 −
10 35.37 34.97 −
1 − − −

H5N1 100,000 21.77 21.46 +
10,000 25.33 25.43 +
1,000 29.13 29.38 +
100 33.54 32.73 +
10 37.08 36.36 −
1 − − −

H9N2 100,000 19.97 20.14 +
10,000 23.28 23.49 +
1,000 27.33 27.41 +
100 31.24 31.38 −
10 36.04 35.18 −
1 − − −

Positive (+) and negative detections (−) are indicated

PCR arrays are the most reliable—and most sensitive—
tools available for analyzing the presence and abundance
of various specific microorganisms in a focused, multi-
targeted panel (33,34). High-quality primer/probe design
and master mix formulations enable the RT-PCR array
format to amplify multiple gene-specific products simulta-
neously under uniform cycling conditions. In this report,
we describe the development of a novel zoonotic influenza
virus detection method, based on real-time PCR array us-

ing Taqman R© polymerase. that enabled multiple zoonotic
influenza virus subtypes targets to be distinguished simul-
taneously in a single assay (36, 40).

Successful design of a PCR array requires selecting the
primers and probes capable of being used with the same,
uniform PCR amplification conditions. First, we designed
several sets of universal primers and probes specific for
the influenza virus HA gene. Second, we designed dis-
tinct sets of primers and probes for conserved regions of

TABLE 3. Validation of rRT-PCR and AIV RT-PCR Array Specificities to Different Pathogens

AIV RT-PCR array results

Pathogen isolate Serum subtype HA H1N1 H5N1 H9N2

Influenza
A/Swine /Shanghai/07/1999 H1N1 + + − −
A/Chiken/Fujian/1/2001 H5N1 + − + −
A/Duck/Fujian/107/2007 H9N2 + − − +
A/ Swine/Fujian/ 01/ 2009 H1N1 + − − −
A/Chiken/Yunnan/1145/2005 H3N2 + − − −
B(Victoria)/Shanghai/361/2002 NA − − − −
B(Yamagata)/Zhejiang/02/2002 NA − − − −

L. pneumophila/Fujian/05/2005 NA − − − −
Brucella melitensis/ Fujian /06/2009 NA − − − −
Streptococcus suis/Fujian/07/2010 NA − − − −

+, positive detection; −, negative; NA, Not Applicable.
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TABLE 4. Intra- and Interassay Reproducibility of the rRT-PCR and AIV RT-PCR Arrays

Intraassay Interassay

Assay Number of RNA copies Mean Ct SD CV (%) Mean Ct SD CV (%)

HA 106 18.95 0.325 1.71 19.31 0.629 3.26
104 27.78 0.241 0.87 27.62 0.617 2.23
102 34.88 0.096 0.28 34.86 0.181 0.51

H1N1 106 15.86 0.341 2.15 15.98 0.235 1.47
104 22.50 0.401 1.78 23.06 0.742 3.21
102 28.30 0.453 1.6 29.13 0.979 3.36

H5N1 106 18.08 0.118 0.65 18.81 0.631 3.35
104 25.33 0.278 1.1 25.62 0.625 2.44
102 32.20 0.780 2.42 33.22 0.792 2.38

H9N2 106 21.61 0.306 1.42 21.226 0.908 4.28
104 28.77 0.158 0.55 28.559 0.580 2.03
102 35.77 0.173 0.48 35.556 0.300 0.84

three zoonotic influenza virus subtypes (H1N1, H5N1,
and H9N2). Finally, we optimized the real-time quanti-
tative PCR array system by choosing primers and probes
sets that were compatible for use under uniform PCR
conditions.

To achieve reliable results of the PCR detection, a strict
quality control standard for quantitative determination
of the virus is extremely important. Currently, the fluo-
rescent quantitative RT-PCR detection of RNA virus is
always evaluated by using the plasmid, RNA fragment as
standard. While the fatal disadvantage of these kinds of
standards was either unstable or there was failure in mon-
itoring the virus lysis and transcript effect of the RNA
(40–43).

Therefore, the second purpose of this study is to create
an appropriate standard to validate the transcription and
amplication of zoonotic influenza virus RNA sequences in
the RT-PCR reaction. In this report, the target sequences
from all viruses packaged in recombinant virus-like parti-
cles (rRVPs) could also be contributed by PCR amplifica-
tion of the corresponding DNA fragment. However, the
original template DNA concentration in the supernatant
is very low cell culture and was easily removed in our study
by the addition of DNase prior to PCR amplification. Our
assay was easily adapted to a quantitative format, by us-
ing rRVPs to create a standard curve to which results from
unknown samples could be compared.

We also used these rRVPs as standard to evaluate the
sensitivity of our RT-PCR array platform compared with
IRTP or standard PCR techniques. Using the rRVP stan-
dards, the detection limits for zoonotic influenza A virus
subtypes H1N1, H5N1, and H9N2 in this RT-PCR ar-
rays were validated and ranged from 100–101 copies/ml.
These limits were similar to that previously published by
others using IRTP assays. We used an IRTP kit (Daan
Gene Co., Guangzhou, China) and standard PCR meth-
ods to detect the same target of same standard sample.

The results indicate that no difference of the sensitivity
had been observed between IRTP and our array, whereas
it is much better than the standard PCR.

These results indicate our real-time RT-PCR array de-
tected three different subtypes of a highly pathogenic
zoonotic influenza virus in a simple assay at the same
level in sensitivity and specificity as the IRTP.

The suitability of the zoonotic influenza viruses RT-
PCR array test described in this study as a diagnostic
and epidemiological tool for zoonotic influenza viruses
detection was confirmed by testing isolated strains and
clinical samples. The RNA virus standard with 107, 105,
and 103 copies was used to evaluate the reliability of the
zoonotic influenza viruses RT-PCR array. Results indicate
that our test has a good reproducibility, as shown by a low
inter- and intraassay CV.

In summary, our zoonotic influenza viruses RT-PCR ar-
ray could offer an efficient, flexible, and reliable platform
for identification of several zoonotic influenza viruses sub-
types (H1N1, H5N1, and H9N2) in a single assay. The
addition of an RNA virus-like particle control would fur-
ther improve the assay as a diagnostic tool, as each sample
could be checked for the quality of the nucleic acid extrac-
tion, transcription, and PCR performance.
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