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Objectives In order to develop a multiplex RT-PCR assay using
the GeXP analyser for the simultaneous detection of four different
NA serotypes of H5-subtype AIVs, effective to control and reduce
H5 subtype of avian influenza outbreak.

Design Six pairs of primers were designed using conserved and
specific sequences of the AIV subtypes H5, N1, N2, N6 and N8 in
GenBank. Each gene-specific primer was fused at the 5" end to a
universal sequence to generate six pairs of chimeric primers, and one
pair of universal primers was used for RT-PCR, and PCR product
separation and detection were performed by capillary
electrophoresis using the GenomeLab GeXP genetic analysis system.

Setting Single and mixed avian pathogen cDNA/DNA templates
were employed to evaluate the specificity of a multiplex assay with a
GeXP analyser. Corresponding specific DNA products were
amplified for each gene, revealing amplification peaks for M, H5,
N1, N2, N6 and N8 genes from four different NA subtypes of
influenza A H5 virus.

Sample A total of 180 cloacal swabs were collected from poultry at
live bird markets.

Main outcome measures The multiplex PCR assay demonstrated
excellent specificity, with each pair of specific primers generating
only products corresponding to the target genes and without cross-
amplification with other NA-subtype influenza viruses or other
avian pathogens. Using various premixed ssRNAs containing known
AlV target genes, the detection limit for the multiplex assay was
determined to be 10® copies/pl. The GeXP assay was further
evaluated using 180 clinical specimens and compared with RRT-
PCR (real-time reverse transcriptase PCR) and virus isolation.

Conclusions This GeXP analyser-based multiplex assay for four
different NA subtypes of H5 HPAI viruses is both highly specific and
sensitive and can be used as a rapid and direct diagnostic assay for
testing clinical samples.

Keywords Differential diagnoses, GeXP analyser, H5 avian influ-
enza viruses, HA typing, multiplex detection, NA typing.
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Introduction

Influenza virus serotypes are classified based on the combi-
nation of two major antigens on the virion, namely
haemagglutinin (HA) and neuraminidase (NA). To date,
16 H types and 9 N types have been acknowledged, and a
17th and 18th HA type plus a 10th and 11th NA type have
recently been discovered in bats."? Avian influenza is an
acute infectious disease caused by type A avian influenza
viruses (AIVs), and certain subtypes have public health
significance because they can also infect humans. In addition
to causing considerable economic damage to the global
poultry industry, highly pathogenic avian influenza viruses
(HPAIVs) pose a major public health hazard, especially the
H5 subtype.” Since 2003, H5N1 HPAI viruses have emerged

. . . . 45 .
in at least sixty countries worldwide,” and various NA

subtypes of H5 HPAIVs (H5N2, H5N6 and H5N8) have
recently been detected in different poultry and wild birds,
with highly pathogenic AI epidemics. For example, Hei-
longjiang, Jiangsu and Hunan provinces, as well as other
provinces in China, reported outbreaks of H5N6 on poultry
farms in 2014 and 2015; in 2014, the People’s Republic of
China, Japan, Germany, the Netherlands, the UK and the
Republic of Korea reported outbreaks of H5N8 on poultry
farms and also viral presence in migratory birds. Further-
more, earlier this year, Taiwan reported outbreaks of H5SN8
and H5N2 on poultry farms, and H5N2 HPAI viruses
appeared in at least 14 states in the USA.® These AIV
outbreaks resulted in extensive losses to the poultry industry
worldwide.”
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Laboratory diagnosis is essential when Al is suspected in
the field, and currently, RT-PCR tests are used routinely for
Al diagnosis and genotyping. Although conventional and
real-time RT-PCR protocols have been published for the
detection of H5-subtype HPAIVs in poultry,* '° none of
these methods can be applied for simultaneous detection or
for HA and NA subtyping of H5-subtype HPAI viruses such
as H5N1, H5N2, H5N6 and H5N8 in a single assay. The
GeXP analyser is a multiplex gene expression profiling
analysis platform developed by Beckman Coulter Company
(Brea, CA, USA) that was originally designed to allow for the
high-throughput, robust and differential assessment of a
multiplexed expression profile of up to 35 genes in a single
RT-PCR."" This system has been successfully used for the
rapid identification of several viral diseases of humans, such
as nine serotypes of enteroviruses associated with hand, foot
and mouth disease,'> pandemic influenza A HIN1 virus,"
sixteen human respiratory virus types/subtypes,'* and seven
enteric viruses associated with acute gastroenteritis,15 as well
as the genotyping of 11 human papillomaviruses.'® More-
over, our laboratory has successfully developed three GeXP
multiplex PCR assay for the simultaneous typing of nine
different avian respiratory pathogens, eight swine reproduc-
tive and respiratory pathogens, as well as differentiation of
eleven duck viruses.'”'? In this study, a multiplex RT-PCR
assay using the GeXP analyser was developed for the
simultaneous detection of four different NA serotypes of
H5-subtype AIVs.

Methods

Virus strains and DNA/RNA extraction

The AIV reference strains, field isolates and other avian
pathogens used in this study are listed in Table 1. Genomic
DNA/RNA was extracted from 200 pl of virus using
MiniBEST Viral RNA/DNA Extraction Kit ver. 5.0 (TaKaRa,
Dalian, China) according to the manufacturer’s protocol.
DNA and RNA were eluted in 30 pl of nuclease-free water.
The concentrations of total DNA and RNA were measured by
UV spectrophotometry (Beckman Coulter). All DNA and
RNA samples were stored immediately at —80°C until used
in experiments.

Primer design and plasmid preparation

Six pairs of gene-specific primers were designed based on
sequence information obtained from Influenza Sequence
Database (http://www.flulanl.gov). The designed primers
were analysed and filtered using the Premier 5.0 (Primer,
Montreal, Canada), NCBI Primer Blast (NCBI, Bethesda,
MD, USA) and Oligo 7.0 (Biolytic, Fremont, CA, USA) tool.
Each gene-specific primer was fused at the 5 end to a
universal sequence to generate six pairs of chimeric primers,
and one pair of universal primers was used for RT-PCR

(Table 2). The AIV universal primers were designed to
correspond to a highly conserved region of the matrix (M)
gene, and the H5 primers were designed in a specific region
of the HA gene segment for the H5 serotype. The other four
pairs of primers were designed to correspond to the specific
region of an NA gene segment for each of the NA types: N1,
N2, N6 and N8. Primer synthesis and HPLC purification was
performed by Invitrogen (Guangzhou, China).

Plasmids harbouring genes from AIV (H5NI1 AIV Re-1,
H5N2 AIV chicken/QT35/87, H3N6 AIV Duck/HK/526/79/
2B, H6N8 AIV Duck/HK/531/79) were used to produce
ssRNA via in vitro transcription using a RiboMAXTM large-
scale RNA production system-T7 kit (Promega, Madison,
WI, USA). The copy numbers of the ssRNAs for the target
genes of AIV (M, H5, N1, N2, N6 and N8) were calculated
according to previous methods.***'

Set-up of the multiplex PCR for the GeXP analyser
The reaction system was created using a total volume of
25 pl containing 2-5 pl of 10x PCR buffer, 2-5 pl of MgCl,
(25 pm), 125wl of mixed primers (containing 20—
100 nmol/l of 6 pairs of gene-specific chimeric primers),
1-25 pl of universal primers (100 nmol/l), 1-2 pl of JumpS-
tart Taqg DNA polymerase (2-5 U/ul) and 0-5 pg—0-5 ng of
cDNA or DNA template. Nuclease-free water was then
added to the PCR to achieve a final volume of 25 pl. PCR
was carried out using the GeXP system followed by three
steps of amplification according to the temperature switch
PCR (TSP) strategy:** step 1, 95°C for 3 minutes, 10 cycles
of 95°C for 30 seconds, 55°C for 30 seconds and 72°C for
30 seconds; step 2, 10 cycles of 95°C for 30 seconds, 65°C
for 30 seconds and 72°C for 30 seconds; and step 3, 20
cycles of 95°C for 30 seconds, 53°C for 30 seconds and 72°C
for 30 seconds. The details of the primers are shown in
Table 2, and all were purchased from Invitrogen. PCR
product separation and detection were performed by
capillary electrophoresis using the GenomeLab GeXP genetic
analysis system (Beckman Coulter) following previously
described protocols.”® After the amplified fragments were
separated, the peaks were initially analysed using the
fragment analysis module of the Gexp svstEm software
(Beckman Coulter, Brea, CA, USA) and matched to the
appropriate genes. The peak height for each gene is
illustrated in an electropherogram.

Single primer test for specificity of the GeXP
multiplex assay

The assay specificities of all the targets were individually
tested with pre-mixed cDNA/DNA in a multiplex PCR assay
after optimisation. Other conventional chicken viruses,
including all subtypes (except the H5 subtype, including
HA (1-16) and NA (1-9); the HA and NA genes of the
reference strains were confirmed by sequencing) of avian
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Table 1. Sources of pathogens used and GeXP assay results

Results

Pathogens/field samples Numbers of sample Source M H5 N1 N2 N6 N8

Reference samples

Inactivated H5N1 AIV Re-1 1 HVRI + + + — _
cDNA of H5N3 AIV Duck/HK/313/78 1 Cu 3 + = — — _
cDNA of AIV H5N2/chicken/QT35/87 1 Ccu + + — 4 _ _
cDNA of AIV H5N5/chicken/QT35/98 1 Ccu + + = — — _
cDNA of AIV H5N7 A/waterfowl/GA/269452-56/03 1 [@V] + + - — _ _
cDNA of AIV AIV H5N9/chicken/QT35/98 1 Cu 3 + = _ — _
cDNA of AIV H7N2 AIV Duck/HK/47/76 1 HKU 4 — = + — —
cDNA of AIV H7N2/chicken PA/3979/97 1 PU + = = + = =
AV H6N1 A/Duck/Guangxi/GXd-5/2010 1 GVRI 3 = + = = -
AIV HEN1 A/duck/Guangxi/105/2011 1 GVRI 1 = + = = =
AIV HEN2 A/goose/Guangxi/105/2011 1 GVRI 4 — _ + _ _
AV H6N2 A/goose/Guangxi/115/2012 1 GVRI 3 — - + - -
AV H6N2 A/duck/Guangxi/116/2012 1 GVRI + = = 4 _ _
AIVH6N2A/chicken/Guangxi/121/2013 1 GVRI i - - + — =
AIV HEN2 A/duck/Guangxi/121/2012 1 GVRI 3 = = + = —
AV HIN2 A/turtledove/Guangxi/49B6/2013 1 GVRI A - - + - —
AV HIN2 A/chicken/Guangxi/NN2/2011 1 GVRI + = = 4 _ _
AV HIN2 A/chicken/Guangxi/NN1/2011 1 GVRI 3 — - + = =
AV HIN2 A/chicken/Guangxi/111C8/2012 1 GVRI 3 = = + = —
AV HIN2 A/chicken/Guangxi/116C4/2012 1 GVRI + = = s — _
AIV HIN2 A/pheasant/Guangxi/49B2/2013 1 GVRI A — = + — _
AV HIN2 A/sparrow/Guangxi/3 5B15/2013 1 GVRI + = — 4+ _ _
AIV HIN2 A/dove/Guangxi/31B6/2013 1 GVRI 3 = = + = -
AV HIN2 A/chicken/Guangxi/141C10/2013 1 GVRI + = = &+ — _
AV HIN2 A/chicken/Guangxi/CX/2013 1 GVRI + — — + — —
AIV H3N2 A/Chicken/Guangxi/015C10/2009 1 GVRI 3 = = + = =
AIV H3N2 A/Duck/Guangxi/015D2/2009 1 GVRI 3 = = + = -
AV H3N6 A/pigeon/Guangxi/020P/2009 1 GVRI 3 — - — + =
AIV H3N6 A/Duck/Guangxi/175D12/2014 1 GVRI F = - = + =
AV H6N6 A/duck/Guangxi/058/2010 1 GVRI + = = — 4 _
AIV HEN6 A/chicken/Guangxi/129/2013 1 GVRI 4 - = = + =
AIV HEN6 A/duck/Guangxi/131/2013 1 GVRI 3 - = = + =
AIV HEN6 A/pigeon/Guangxi/161/2014 1 GVRI A - — — + =
AV H6N6 A/Duck/Guangxi/GXd-7 /2011 1 GVRI + = = — 4 —
AIV HEN8 A/Duck/Guaiigxi/GXd-6/2010 1 GVRI 4 - = = = +
AV H6N8 A/duck/Guangxi/113/2012 1 GVRI + — - — — +
AIV H3N8 A/goose/Guangxi/020G/2009 1 GVRI 4 - = = = +
AV H1N3 Duck/HK/717/79-d1 1 HKU + = — — _ _
AIVHINT Human/NJ/8/76 1 HKU 3 = + _ _ _
AV H2N3 Duck/HK/77/76 1 HKU + = — — _ _
AIV H3N6 AV Duck/HK/526/79/2B 1 HKU 4 - = = + =
AIV H4N5 Duck/HK/668/79 1 HKU 4 = = — — _
AIV HEN8 Duck/HK/531/79 1 HKU 3 - = = = +
AV H8N4 AIV Turkey/ont/6118/68 1 HKU + = — — _ _
AIV H10N3 Duck/HK/876/80 1 HKU + = = _ — _
AIVH11N3 Duck/HK/661/79 1 HKU 4 = — — — _
AIV H12N5 Duck/HK/862/80 1 HKU 3 = = — — _
AIV H13N5 AIV Gull/MD/704/77 1 HKU 4 = = — — _
AIV H13N6 A/Gull/Maryland/704/1977 1 PU 4 - = = + =
AV H14N5 A/Mallard duck/Astrakhan/263/1982 1 PU + = = — — _
AIV H15N9 1 PU + = = — _ _
A/wedge-tailed shearwater/Western Australia/2576/1979
AIV H16N3 A/shorebird/Delaware/168/06 1 PU + - = = = =
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Table 1. (Continued)

Pathogens/field samples

Numbers of sample

Results

Source M H5 N1 N2 N6 N8

IAV HIN1 A/ Guangxi/1415/15 1

IAV H3N2 A/ Guangxi/1632/15 1

B/Guangxi/1470/15 1
Other pathogens

NDV Lasota

IBV Massachussetts 41

ILTV (AV1231)

MGS6

MSK1415

HPGAV269

Avian reovirus (51133)

GCDC - - - - - -
GCDC = = = = = =
GCDC - - - - - -

GVRI = = = = = =
GVRI = = = = = =
GVRI = = = = = =
GVRI = = = = = =
GVRI = = = = = =
GVRI = = = = = =
GVRI = = = = = =

HVRI, Harbin Veterinary Research Institute, China; HKU, The University of HongKong, China; GVRI, Guangxi Veterinary Research Institute, China;
CIVDC, China Institute of Veterinary Drugs Control, China; PU, University of Pennsylvania, USA; GCDC, Guangxi Center for Disease Control; CU=

University of Connecticut, USA.

Table 2. Sequences of primers used for GeXP assay

Size

Primer Forward primer (5-3)* Reverse primer (5-3)* (bp)

M AGGTGACACTATAGAATATCTTGCACTTGAYA GTACGACTCACTATAGGGAACAAAATGACCATCGT 211
TTGTGGATTC** CAACATCC**

H5 AGGTGACACTATAGAATAGGAAAGTGTAAGA GTACGACTCACTATAGGGACACATCCATAAAGAYA 223
AACGGAACGTA** GACCAGC**

N1 AGGTGACACTATAGAATA CTGTAATGACTGA GTACGACTCACTATAGGGACAGGAGCATTCCTCATA 162
YGGACCAAGTA** GTGGTAA**

N2 AGGTGACACTATAGAATAATGTTATCARTTTGC GTACGACTCACTATAGGGA CATGCTATGCACACYT 188
ACTTGGGCAG** GTTTGGTTC**

N6 AGGTGACACTATAGAATACACTATAGATCCYG GTACGACTCACTATAGGGAGGAGTCTTTGCTAATW 240
ARATGATGACC** GTCCTTCCA**

N8 AGGTGACACTATAGAATAATGTGTACCAGGC GTACGACTCACTATAGGGATTTGCTGGTCCATCCG 280
AAGGTTTGA** TCATTA**

Cy5-labelled AGGTGACACTATAGAATA**

Tag-F

Tag-R GTACGACTCACTATAGGGA**

Underlined oligonucleotides are universal sequences.

*Degenerated primer abbreviations are as follows: R, A/G; W, A/T; Y, C/T.

**Primer is in the PCR primer mix.

influenza virus (AIV), Newcastle disease virus (NDV),
infectious bronchitis virus (IBV), avian reovirus (ARV),
infectious laryngotracheitis virus (ILTV), seasonal influenza
A HINI1, H3N2 and influenza B viruses and nuclease-free
water, were used as negative controls.

Evaluation of the sensitivity of the GeXP multiplex
assay

The sensitivity of the multiplex assay using the GeXP
analyser was evaluated using a previously described

method.”> The concentrated products for each target gene
were diluted to final concentrations ranging from 10°
copies to 1 copy per microlitre and then individually
subjected to the multiplex assay. The concentrations of
specific primers were optimised according to the amplifi-
cation efficiency of the assay using a single template. The
sensitivity of the optimised multiplex GeXP PCR assay was
re-evaluated three times on three different days using 6
pre-mixed RNA templates ranging from 10> copies to 1
copy per microlitre.
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Interference assay

Because high quantities of different templates could alter the
efficiency of multiplex PCR amplification, different amounts
of template (10> to 10° copies) were selected at random,
mixed and tested in the multiplex PCR assay. The results
were then compared with those of the single template
multiplex PCR assay.

Application to clinical specimens

A total of 180 cloacal swabs were collected from poultry at
live bird markets (LBMs), and the swab samples were
injected into 9- to 11-day-old embryonated specific patho-
gen-free (SPF) chicken eggs, as previously described.”* At 48—
96 hours, all allantoid fluids were recovered incubation for
virus detection and titration, as described.”® The 180 clinical
specimens were randomly divided into five groups and tested
by RRT-PCR, GeXP multiplex PCR and virus isolation,
respectively (Table 3), and the HA and NA genes of positive
samples were sequenced for demonstration of RT-PCR
compliance using previously reported primers.*®

Results

Specificity of the GeXP multiplex PCR assay

cDNA samples from four different NA subtypes of influenza
A HS5 virus (H5N1, H5N2, H5N6 and H5N8) were individ-
ually used as template to evaluate the specificity of each pair
of gene-specific primers. In mono-PCR GeXP assays, AIV
universal primers were able to amplify the target M gene of
all AIV serotypes, although each pair of specific primers
generated only the corresponding targeted gene, without
cross-amplification (Table 1). The amplicon sizes for the
viruses were as follows: AIV-H5, 223-226 bp; AIV-N1, 160—
163 bp; ATIV-N2, 188-191 bp; AIV-N6, 240-243 bp; AIV-
N8, 280-283 bp; and AIV M gene, 210-213 bp (Table 2).
These six targeted genes were detected via the multiplex
GeXP PCR assay, and specific amplification peaks were
observed (Figure 1). For example, specific amplification

GeXP analyzer |

peaks of the AIV M gene were observed for HIN1, H2N3,
H3N6, H4N5, H5N2, H5N3, H5N7, HO6NS, H7N2, H8N4,
HO9N2, H10N3, H11N3, H12N5, H13N6, H14 N5, H15N9
and H16N3.

Sensitivity of the GeXP multiplex PCR assay

When using ssRNA in vitro transcription individually, the
GeXP multiplex PCR assay detected as little as 10> copies/pl
of AIV type A, AIV-H5, AIV-N1, AIV-N2, AIV-N6 and AIV-
N8 (Figure 2, all electropherograms are not shown). The
reactions were repeated three times for each template
concentration on different days, and similar results were
obtained.

Artificial mixture and interference assay

Two specific amplification peaks were observed when two
different templates (one template with 10> copies and
another with 10° copies) were tested by the GeXP multiplex
PCR assay, and the peak value of the single template was
similar to that of the mixed template. For example, two
specific amplification peaks were observed when two differ-
ent templates (AIV-H5N1 at 10* copies and H5N2 at 10°
copies) were tested, and the peak values for AIV-H5N1 and
H5N2 were the same, regardless of whether a single (AIV-
H5NT1 or H5N2) or a mixed (AIV-H5N1 + H5N2) template
was utilised (electropherograms not shown). The results of
these experiments demonstrate that this interference had a
minimal effect on the detection of mixed infection.

Detection of clinical samples by the GeXP multiplex
PCR assay

A total of 180 random cloacal swab samples were collected
from poultry at various LBMs during May 2015; the samples
were assayed using optimised GeXP multiplex PCR
(Tables 3) and confirmed by DNA sequencing of the HA
and NA genes. Virus isolation revealed ten different geno-
types among the clinical samples, and three positive samples
of H5-subtype AIVs were isolated among 60 cloacal swab

Table 3. Comparative detection of cloacal swab samples using virus isolation, RRT-PCR and GeXP

Samples negative for
avian influenza virus

Samples positive for avian influenza virus

GeXP assay
Sample number Virus isolate RRT-PCR GeXP assay RRT-PCR M H5 N1 N2 N6 N8
1-30 H5N1 29/30 29/30 1/30 1/30 1/30 1/30 0/30 0/30 0/30
31-60 H5N2 29/30 28/30 1/30 2/30 2/30 0/30 2/30 0/30 0/30
61-102 HON2 39/42 38/42 3/42 4/42 0/42 0/42 4/42 0/42 0/42
103-137 H6N2 34/35 34/35 1/35 1/35 0/35 0/35 1/35 0/35 0/35
138-180 H6N6 41/43 41/43 2/43 2/43 0/43 0/43 0/43 2/43 0/43

© 2015 The Authors. Influenza and Other Respiratory Viruses Published by John Wiley & Sons Ltd.
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Figure 1. Specificity of the multiplex RT-PCR assay. Cy5-labeled PCR products were separated via GeXP capillary electrophoresis and detected by

fluorescence spectrophotometry, given as dye signals in arbitrary units on the y axis. Each peak was identified by comparing the expected to the actual
PCR product size on the x axis. Panels (A-F, H) show the results of amplification of target genes H5, N1, N2, N6, N8, M, and all, respectively. Nuclease-free
water was used as the negative control (G). the red peaks indicate the DNA size standard.
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samples. Of the ten positive samples according to the GeXP
PCR assay, one sample was negative by RRT-PCR but
positive when retested by virus isolation. Moreover, the HA
and NA genes of the positive samples were sequenced,
showing complete agreement for 100% of the GeXP PCR
assay results (Table 3). We also found some nucleotide
variation, which resulted in the failure of the real-time PCR
detection of an HIN2 isolate.

Discussion

Although the vaccination strategy against H5N1 influenza
has been effective at reducing the incidence of H5NI1
infection in poultry during the past decade, recent stud-
ies have highlighted the continued presence of H5N1, H5N2,
H5N6 and H5NS, posing a threat to both poultry and human
health.”*® Outbreaks of various H5 HPAIV NA subtypes are
characterised by their ~ sudden occurrence,  dissemina-
tion speed, similar clinical symptoms and highly infectious
nature with common characteristics. As such factors are
unfavourable for the implementation of rational measures to
prevent and control disease, the rapid and accurate identi-
fication of different NA subtypes circulating in different
avian species within a geographical region can provide
important epidemiological information and is crucial for the
selection of appropriate control and eradication strategies.
Although HI and NI tests have long been used as the Office
International Des Epizooties (OIE) standard for AIV sub-
typing, these methods often have low levels of specificity and
sensitivity; in addition, standardisation and reference antisera
are difficult to obtain.”> Accordingly, laboratory diagnosis of
AlV, including conventional and real-time RT-PCR proto-
cols, has been recently used for AIV detection and subtyp-
ing.”**? Indeed, multiplex PCR and multiplex fluorescence
real-time quantitative PCR techniques are widely used for the
detection and subtyping of mixed infections with multiple
pathogens.”?* However, conventional multiple PCR is

vulnerable to variations in template and primer concentra-
tion as well as concentrations of reagents that interfere with
each other during amplification; such factors will cause
different PCR efficiencies, decreasing the sensitivity of the
results.

In this study, we successfully established a GeXP method
that can simultaneously detect and identify the H5N1, H5N2,
H5N6 and H5N8 subtypes of AIV in a single reaction within
4 hours; this GeXP method utilises six different genes
primers for M, H5, N1, N2, N6 and N8. Additionally,
the specificity of the test was examined using different HA
(1-16) and NA (1-9) subtypes of avian influenza virus and
nucleic acid of seasonal influenza virus and influenza B virus
infecting humans (Table 1). The failure of the M gene primer
set in detecting human HIN1 and H3N2 is because the
primer set is based on GenBank data of avian influenza virus,
with variation in a few nucleotides between human HIN1
and H3N2. We also found no cross-reaction between
different pair primers, with specificity for detecting AIV
H5, N1, N2, N6 and N8 subtypes and a sensitivity of
10° copies/pl. When 180 specimens were analysed, the results
for the GeXP PCR assay and the reference method (Virus
isolation and sequencing) were in complete agreement for
100% of the specimens, as shown in Table 3. However, one
HON2 isolate was not detected by RRT-PCR using the N2
primer set (Table 3). The comparison of the results for NA
sequences revealed that the new HIN2 isolates exhibited
variation in the target gene of the N2 primer designed for
RRT-PCR. Considering that the genetic diversity of AIVs in
the natural ecosystem may be higher than the current
understanding, it may be necessary to develop primers for all
subtypes.

Two distinct advantages of the GeXP assay compared with
other nucleic acid-based tests are the reduced time required
and cost-effectiveness. The cost of the multiplex GeXP assay
for simultaneous detection of the four different NA subtypes
of H5 AlIVs is approximately $6 per test, including primers
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representing the HA and NA subtypes, when the entire
reaction is performed in a single tube. Utilising two 96-well
plates at the same time in the GeXP analyser will further
increase the throughput. This method will save much time
and cost compared with classical methods of ATV HA and
NA subtyping in surveillance programmes.
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