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Abstract

Beladi  S.P. ,  S .A.  Ghorashi ,  D.  Morshedi : Using Nested-PCR for Detection of Avian
Influenza Virus. Acta Vet Brno 2005, 74: 581-584.

Avian influenza virus can infect all poultry species. Infection of Broilers and layers with this virus
can cause heavy economic loss to poultry industry annually. In this study a RT-PCR was optimized
to detect avian influenza virus, regardless of its subtype. A part of matrix gene which is conserved
among avian influenza viruses was amplified. The PCR product was cloned in pTZ57R/T vector
and sequenced. The sequence data confirmed the specificity of the test. The sensitivity of PCR was
determined to be 3 × 10-2 EID50/ml. Using internal primers, a nested-PCR was carried out and the
sensitivity was increased to 3 × 10-4 EID50/ml. Due to high sensitivity of the test for detection of
avian influenza viruses, this technique can be used as a robust diagnostic method for detection of
avian influenza virus.

Avian influenza virus, PCR

Influenza viruses are of three types A, B and C. The typing is based on antigenic
differences on the nuclear and matrix proteins of the virus (Podda r 2002). Avian
influenza (AI) is a viral disease spread worldwide and is caused by influenza A viruses
of the family Orthomyxoviridae. Influenza A viruses are classified into subtypes on the
basis of two surface glycoproteins: haemagglutinine (HA) and neuraminidase (NA).
These two proteins are highly variable, therefore, a great number of AI virus subtypes
occur. In AI viruses, 15 antigenically different HA and 9 antigenically different NA
glycoproteins are recognized (S t a r i c k et al. 2000). In each subtype, a range of non-
pathogenic to highly pathogenic strains may be present. Although most AI viruses in
chickens cause mild and localized infections of the respiratory and intestinal tracts,
highly pathogenic strains become dispersed throughout the body and produce an acute,
systemic, and often fatal disease (W ood et al. 1996; Senne et al. 1996). Among AI
viruses, only H5 and H7 subtypes are particularly important because they are known
to be highly pathogenic (Bosch et al. 1979; Senne et al. 1996). The control of
influenza transmission in chickens is dependent upon immunizations, the rapid
identification of cases, movement control, culling infected birds and strict disinfection.
Avian influenza (AI) is diagnosed by virus isolation or by serological methods. The
standard laboratory method for diagnosis of influenza is based on isolation and
characterization of the virus (Ha rmon 1992). However, the virus isolation is a tedious
and time-consuming technique. Immunofluorescence assay (IFA) and enzyme-linked
immunosorbent assay (ELISA), have been applied for rapid detection of influenza
infection (R e i n et al. 1996). However, antibodies against AI virus may not be
detectable in less than 7 - 14 days after virus exposure. In addition, in countries like
Iran where mass immunization of birds with inactivated vaccine is practiced, using
serological methods may not be practical. The polymerase chain reaction (PCR) is an
alternative rapid detection method of the virus and is more sensitive than standard virus
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isolation (C h e r i a n et al. 1994). Also the sensitivity and specificity of detection by
PCR is higher compared with the other available method mentioned above (A t m a r et
al. 1996). For this reason, but also in order to improve diagnosis of avian influenza,
reverse transcriptase PCR (RT - PCR) assay is considered to be a helpful tool (W ood
et al. 1993; Senne et al. 1996; Banks et al. 1998). The objective of this study is to
optimize a rapid, sensitive and specific RT-PCR and nested-PCR assay for detection
of all strain variants of avian influenza viruses regardless of haemagglutinin and
neuraminidase subtypes.

Materials and Methods

Virus  s t ra in
A prototype influenza virus type A (H9N2) was provided by the Razi Institute (Karaj, Iran). The virus was

propagated in embryonating chicken eggs via the allantoic sac, had a titer of 108 EID50/ml.

RNA extrac t ion
Viral RNA from allantoic-amniotic fluid was extracted using phenol-thiocyonate based method

(Chomczynsk i and Sacc i 1987). Briefly, 1 ml of RNA extraction solution was added to 0.3 ml of virus
suspension sample in a 1.5 ml microfuge tube. This was followed by 0.2 ml chloroform extraction and
precipitation of supernatant by adding equal volume of cold isopropanol and subsequent centrifugation at
10000 rpm for 15 minutes. Thereafter, the resulting pellet was washed with 70% ethanol, dried and resuspended
in 20 µl of DEPC–dH2O. Extracted RNA was immediately used or stored at -70 °C until needed.

Reverse  t ranscr ip tase-  polymerase  chain  react ion (RT-PCR)
Oligonucleotide primers for RT reaction and subsequent PCR amplification were chosen from matrix gene of

virus genome as previously published (S tar ick et al. 2000). The sequence of oligonucleotide primers are IVA-
M1 (5’-AGCGTAGACGCTTTGTC-3’) and IVA-M2 (5’-GACGATCAAGAATCCAC-3’). For cDNA
synthesis, 4 µl of extracted RNA, 0.25 µg of reverse primer and 5µl of DEPC-dH2O was denatured at 70 °C for
5 min and cooled on ice. The following was added to the reaction, 8µl RT buffer (5X), 1 µl (10 mM) dNTP, 2
µl RNase inhibitor (40 U) and incubated at 37 °C for 5 min. Finally 40 U reverse transcriptase (M-mulv) and
DEPC-dH2O to give a final reaction volume of 40 µl was added and mixture was further incubated at 37 °C for
60 min followed by 70 °C for 10 min. PCR amplification of cDNA was carried out in a total volume of 50 µl
containing 5 µl cDNA, 5 µl of 10X PCR buffer, 0.25 µg of each forward and reverse primer, 1.5 mM MgCl2, 1
µl of dNTP (10 mM), 1 unite of Taq DNA polymerase and dH2O to the final volume of reaction. The mixture
was overlaid with 30 µl of mineral oil and subjected to the following programme using a thermocycler: 94 °C for
3 min  (1 cycle), 94 °C 30 sec, 58 °C 30 sec, 72 °C 30 sec (30 cycles) and 72 °C 10min (1 cycle). Results were
observed after 7 µl of PCR product was mixed with 2 µl of gel loading buffer and visualized after electrophoresis
on an ethidium bromide stained 1% agarose gel using a UV transilluminator.

Sequencing the  PCR products
The PCR product was cloned into a T–vector (pTZ57R) based on manufacturer’s instructions. Recombinant

plasmids were sequenced and data were compared to that of the AIV strain using the DNASTAR program package.

Sensi t iv i ty  of  the  RT-PCR
To determine the sensitivity of PCR, 10 fold dilutions of virus stock (108 EID50 to 10-5 EID50/ml) were prepared

in dH2O. RNA was extracted from diluted virus suspensions and was examined in RT-PCR.

Nested-PCR
Nested primers were selected from the PCR sequence and second round of PCR was carried out.

Oligonucleotides AIV-N-F (5’-ATA TAC AAC CGG ATG GGG ACA-3’) and AIV-N-R (5’-CCT AGC CTG
ACT TGC GAC TTC-3’) were designed for nested-PCR amplification. In nested-PCR 1 µl of first round PCR
was used as template DNA and annealing temperature was increased to 58 °C. The rest of materials and procedure
were similar to the PCR protocol as described above.

Sensi t iv i ty  of  nes ted-PCR
Each amplicon of first round PCR from 10 fold dilutions of virus stock were tested in the second round PCR.

Seven microliter of PCR and nested-PCR products was separately examined by agarose gel electrophoresis.

Results

A highly conserved region within the matrix gene of avian influenza virus was amplified
and a single DNA fragment of 600 bp was observed while no DNA bands were produced
in negative control sample (data not shown).
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Specif ic i ty  of  the  RT–PCR
The nucleotide sequence for PCR amplicon was determined by direct sequencing (Fig.1).

Results were compared with the published sequence of the matrix gene of avian influenza
virus. The two sequences were found identical.

Sensi t ivi ty  of  the RT-PCR
Serial 10 fold dilutions from the virus stock with a titer of 3 × 109 EID50/ml were prepared

and RNA extraction followed by RT–PCR was carried out. Positive DNA bands of expected
size were detected in ethidium bromide stained agarose gel covering a range from 3 × 108 to
3 × 10-2 EID50/ml. No signal was observed when RNA extracted from samples with lower
dilutions or negative control (Plate VIII, Fig. 2).

Sensi t ivi ty  of  Nested-PCR
Each PCR product from 10 fold dilutions of virus stock was tested in nested-PCR. A 240

bp DNA fragment was observed in 3 × 108 to 3 × 10-4 EID50/ml samples. DNA was not
amplified from lower dilutions or from PCR and nested-PCR negative controls. Nested-PCR
was found to be 100 times more sensitive than PCR since the viral genome was detectable
in samples with lower dilutions (Plate VIII, Fig. 3).

Discussion

Some strains of avian influenza A virus are lethal to poultry, while majority of field
isolates are nonlethal. Due to economic impact of influenza infection on poultry industry,
rapid diagnosis of causative agent is important in control of virus transmission to other
poultry farms (Horimoto and Kawaoka 1995). Influenza infection is diagnosed by virus
isolation and identification or serological tests. However, virus isolation and identification
is tedious and time consuming and serological tests are less practical since mass vaccination
is practiced. The RT-PCR assay is a sensitive and specific method that can detect influenza
virus in a shorter time (Reina et al. 1996; Atmar et al. 1996). Using primers selected from
a highly conserved region of the matrix protein coding gene of AIV, it was possible to
amplify an expected size of the matrix gene of virus RNA in RT-PCR assay. The sequence
analysis of PCR product indicated that a part of AIV matrix gene has been amplified.
Therefore, the assay was found to be specific for screening of AIV genome in the sample.
Since primer pairs used in the PCR were chosen from a conserved region of the matrix gene
of AIV genome, the assay is expected to detect influenza A virus RNA regardless of virus
subtypes. The sensitivity of PCR was determined to be 10-2 EID50/ml. This sensitivity might
be good enough for the detection of AIV genome in the clinical samples. However, the
detection limit of nested-PCR was found to be 10-4 EID50/ml which is 100 fold more
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AGCGTAGACGCTTTGTTCAAAATGCCCTTAATGGAAATGGGGATCCAAACA
ACATGGATAGAGCAGTCAAACTGTACAGGAAGCTAAAAAGGGAAATAACA
TTCCATGGGGCAAAAGAAGTTGCACTTAGTTATTCAACTGGTGCACTTGCC
AGTTGCATGGGCCTCATATACAACAGAATGGGGACTGTGACCACCGAAGTG
GCATTTGGCCTGGTATGCGCCACATGTGAGCAGATTGCTGACTCCCAGCAT
CGGTCTCACAGGCAAATGGTGACAATAACAAACCCACTGATCAGACATGA
GAACAGAATGGTACTGGCTAGTACTACGGCTAAAGCCATGGAGCAAATGG
CAGGATCAAGTGAGCAGGCAGCAGAGGCTATGGAGGTTGCTATTCAGGCT
AGACAGATGGTGCAGGCAATGAGGACCATTGGAACTCATCCTAGCACCAGT
GCTGGTCTAAAAGATGATCTCCTTGAAAATTTGCAGGCCTACCAGAAACGG
ATGGGAGTGCAAATGCAGCGATTCAAGTGATCCTCTCGTTATTGCAGCAAG
TATCATTGGGATCTTGCACTTGATATTGTGGATTCTTGATCGTC

Fig. 1. Nucleotide sequence of PCR product (600 bp), a part of AIV matrix gene



sensitive than PCR. This specific RT-PCR for detection of avian influenza virus can be used
as a diagnostic tool in complement with other procedures. Confirmation of diagnosis of
influenza infections would be also possible. This assay is superior to conventional
techniques because viral RNA can be directly detected in clinical tissue samples in less than
six hours, therefore, it is less time consuming compared to other diagnostic methods.

VyuÏití metody Nested-PCR  pro detekci viru ptaãí chfiipky
Virus ptaãí chfiipky mÛÏe infikovat v‰echny druhy drÛbeÏe. Infekce brojlerÛ a

sná‰kov˘ch linií tímto virem mÛÏe zpÛsobovat drÛbeÏáfiskému prÛmyslu kaÏdoroãnû
velké ekonomické ztráty. V této studii bylo optimalizováno RT-PCR pro detekci viru ptaãí
chfiipky nezávisle na jeho subtypu. Byla amplifikována ãást genu matrix, která je pro viry
ptaãí chfiipky spoleãná. Produkt PCR byl klonován a sekvenován ve vektoru pTZ57R/T.
Data sekvence potvrdila specificitu testu. Senzitivita testu byla stanovena jako 3 × 10-2

EID50 µm·l-1. Pfii provedení nested-PCR s vyuÏitím interních primerÛ vzrostla senzitivita
na 3 × 10-4 EID50 µm·l-1. Vzhledem k vysoké senzitivitû techniky by mohl b˘t tento test
vyuÏíván jako spolehlivá metoda detekce viru ptaãí chfiipky.
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Fig. 2. The PCR Products of AIV RNA extracted from 10 fold serial dilutions of virus. lane 1 and
17: DNA size marker, ladder 100. lane 2 - 15: correspond to 3 × 108, 3 × 107, 3 × 106, 3 × 105, 
3 × 104, 3 × 103, 3 × 102, 3 × 101 , 3, 3 × 10-1 , 3 × 10-2 , 3 × 10-3 , 3 × 10-4 , 3 × 10-5 EID50/ml
respectively. lane 16: negative control

Fig. 3. The sensitivity of nested-PCR for detection of AIV genome in 10 fold serial dilution samples.
lane 1 and 18: DNA size marker, ladder 100. lane 2 - 15: correspond to 3 × 108, 3 × 107, 3 × 106, 
3 × 105, 3 × 104, 3 × 103, 3 × 102, 3 × 101 , 3, 3 × 10-1 , 3 × 10-2 , 3 × 10-3 , 3 × 10-4 , 3 × 10-5, EID50/ml
dilutions of the virus respectively. lane 16: PCR negative control. lane 17: nested-PCR negative
control 


