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Avian Influenza Technical Report Preamble Highly pathogenic avian influenza virus (HPAI) of the H5N1 strain has caused over 40 human deaths. There are significant economic and public health implications involved in the diagnosis of HPAI virus. The two significant matters of concern are biosafety and reporting. Biosafety HPAI virus is a zoonotic pathogen. Should avian influenza be a possible diagnosis, samples should be collected with great care and handled under biosecurity level 3 containment.



Reporting The outcomes of any (positive) test for suspected avian influenza in Australia must be reported through the state Chief Veterinary Officer (CVO). Confirmatory testing must be undertaken at the CSIRO’s Australian Animal Health Laboratory, and results again reported through the state CVO. This ensures that the outbreak is managed in a way that minimises the economic and public health risk.



Copyright and Disclaimer This work is copyright. Apart from any use that is permitted under the Copyright Act 1968, no part may be reproduced by any process without written permission from CSIRO. You will accept all risks and responsibility for losses, damages, costs and other consequences resulting directly or indirectly from using this report and any information or material available from it. To the maximum permitted by law, the AB-CRC excludes all liability to any person arising directly or indirectly from using this and any information or material available from it. For any queries or permissions over copyright contact: Chris Morrissy CSIRO Livestock Industries Phone: +61 (0)3 5227 543 Facsimile: +61 (0)3 5227 5377 Email: [email protected]



Addendum Sequence information for the H5N1 isolate designated A/chicken/Vietnam/39/04 in this report has been published by the Vietnamese group Cao et al. in GenBank (AY724787, AY724788, AY770611) using the isolate designation A/chicken/Viet Nam/VL-008/2004 (H5N1).
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Introduction



The widespread occurrence of highly pathogenic avian influenza (HPAI) H5N1 in Asia, and the potential of H5N1 to cross species and infect humans, pose a major threat to human and animal health. A rapid diagnostic capability for H5N1 diagnosis is crucial for swift index case diagnosis, facilitating timely implementation of control measures. All previously documented outbreaks of HPAI in domestic poultry in Australia have been of the H7 subtype. Currently, rapid diagnosis of AI is done by detection of AI antigen in impression smears using a monoclonal antibody, which reacts with the nucleoprotein of all AI viruses. Confirmation of the virus as H5 could take several days, but the time taken to do this could be reduced to several hours using real-time PCR (polymerase chain reaction). This report describes two real-time PCR tests for the detection of influenza type A and subtype H5 of the Eurasian lineage, including the predominant H5N1 isolates. The tests have been adapted and modified from published tests developed for strains of North American lineage. HPAI H5N1 isolates derived from samples submitted to the Australian Animal Health Laboratory (AAHL) in 2004 from Vietnam (Regional Veterinary Center, Ho Chi Minh City, Vietnam) and Cambodia (National Animal Health and Production Investigation Centre, Phnom Penh, Cambodia) were used to evaluate the RRT-PCR tests for detection of H5N1. The viruses were propagated in embryonating eggs and in chickens. The strain A/chicken/Vietnam/39/2004 served as the reference H5N1 isolate and was titrated in eggs. The influenza viruses LPAI A/Shearwater/Australia/75 (H5N3) and HPAI A/chicken/NSW/1/97 (H7N4) used as controls were reference strains held at the laboratory. Live virus was processed in approved isolation rooms or biosafety cabinets. Virus was inactivated in 1% SDS or by gamma-irradiation.
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Diagnostic Techniques



1. RNA extraction Materials and equipment required • Qiagen RNeasy Mini Kit − RNeasy mini spin columns − Collection tubes (1.5 ml) − Collection tubes (2 ml) − Buffer RLT − Buffer RW1 − Buffer RPE − RNase-free water • 2-mercaptoethanol • 70% ethanol • Microcentrifuge, adjustable speed to 13,000 rpm • Vortex • 10, 200 and 1000 µl adjustable pipettes • Sterile, RNase free pipette tips • Disposable gloves Procedure 1. Mix together 6µl β-mercaptoethanol, 600µl buffer RLT and 100µl virus sample (tissue homogenate, allantoic fluid or cloacal swab). Mix thoroughly by vortexing and incubate for 5 mins at room temperature. 2. Add 600 µl of 70% ethanol and mix well by pipetting. 3. Place an RNeasy spin column into a 2 ml collection tube. Carefully pipette 700µl of sample from step 2 into spin column (do not moisten the rim of the column). Close cap and centrifuge at 8000xg (approx. 10,000rpm) for 15 sec. 4. Remove the spin column and empty the liquid from the bottom of the collection tube. Replace the column into the collection tube and add the remaining sample from step 2 to spin column (do not moisten the rim of the column). Close cap and centrifuge at 8000xg (approx. 10,000rpm) for 15 sec. 5. Remove the spin column and empty the liquid from the bottom of the collection tube. Replace the column into the collection tube and add 700µl wash buffer RW1 to spin column. Close cap and centrifuge at 8000xg (approx. 10,000rpm) for 15 sec. 6. Transfer RNeasy spin column to clean 2ml collection tube. Add 500µl of wash buffer RPE to spin column. Close cap and centrifuge at 8000xg (approx. 10,000rpm) for 15 sec. 7. Remove the spin column and empty the liquid from the bottom of the collection tube. Replace the column into the collection tube and add 500µl wash buffer RPE to spin column. Close cap and centrifuge at full speed for 2 min. 8. Transfer the spin column to a sterile 1.5 ml tube. Carefully add 50µl of RNase-free water directly onto the spin column membrane. Close cap and centrifuge at 8000xg (approx. 10,000rpm) for 1 min to elute RNA. 9. RNA sample is now ready for RRT-PCR or can be stored at -20ºC. Page 4 of 12
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2. Real-time reverse transcription-PCR (RRT-PCR) Materials and equipment required • TaqMan® one-step RT-PCR kit (Applied Biosystems) − TaqMan® 2X Universal PCR master mix no AmpErase® UNG − 40X Multiscribe™ and RNase inhibitor mix • Nuclease-free water • Viral RNA • Specific forward and reverse primers (18 µM) • Specific probes (5 µM) • Control 18S rRNA forward and reverse primers (10 µM) • Control 18S rRNA probe (40 µM) • 2, 10, 200 and 1000 µl adjustable pipettes • Sterile 0.5 ml microcentrifuge tubes • Sterile, RNase-free pipette tips • Powder-free disposable gloves • Vortex • Real-time PCR thermocycler (ABI 7700 Sequence Detection System (Applied Biosystems) or equivalent) • ABI PRISM™ 96-well optical reaction plate (Applied Biosystems) • ABI PRISM™ optical adhesive covers (Applied Biosystems) • Benchtop centrifuge with 96-well plate adaptors



Table 1. Primer and probe sequences used in TaqMan® RRT-PCR assays Primers & Probe



Sequence (5’ – 3’)



IVA-Type A IVA-D161M (Forward)



5’-AGATGAGYCTTCTAACCGAGGTCG-3’



IVA-D162M (Reverse)



5’-TGCAAANACATCYTCAAGTCTCTG-3’



IVA-Ma (FAM-Probe)



5’FAM-TCAGGCCCCCTCAAAGCCGA-TAMRA3’



IVA-Subtype H5 IVA-D148H5 (Forward)



5’-AAACAGAGAGGAAATAAGTGGAGTAAAATT-3’



IVA-D149H5 (Reverse)



5’-AAAGATAGACCAGCTACCATGATTGC-3’



IVA-H5a (FAM-Probe)



5’FAM-TCAACAGTGGCGAGTTCCCTAGCA-TAMRA3’



Advance preparation 1. Prepare the following primer/probe mixes: a. IVA-Type A – mix together equal volumes of primers IVA-D161M and IVAD162M and probe IVA-Ma (FAM). Aliquot and store at -20ºC. b. IVA-Subtype H5 - mix together equal volumes of primers IVA-D148H5 and IVA-D149H5 and probe IVA-H5a (FAM). Aliquot and store at -20ºC. c. 18S Control - mix together equal volumes of primers 18S rRNA Fwd and 18S rRNA Rev and probe 18S rRNA (VIC). Aliquot and store at -20ºC.
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Procedure 1. Determine the number of tests required and prepare a plate layout (fill in attached sheet) for your TaqMan® assays. You will need to include ‘no template control’ assays in addition to your test samples. Note: performing all assays in triplicate is recommended. 2. Prepare a master mix for each TaqMan® assay, according to the attached running sheets. Mix well by vortexing. 3. Aliquot 23 µl master mix into the appropriate wells in an ABI PRISM™ 96-well optical reaction plate, according to your plate layout sheet (Appendix I). 4. Carefully dispense 2 µl viral RNA into each test well. Do not add any RNA to ‘no template control wells’. 5. Seal the plate with an ABI PRISM™ optical adhesive cover. 6. Spin the plate briefly in benchtop centrifuge with 96-well plate adaptors, to collect the reaction mix at the bottom of the well. 7. Run plate in real-time PCR thermocycler with the following parameters: 30 min at 48ºC (reverse transcription), 10 min at 95ºC (hot-start Taq polymerase activation), and 45 cycles of 15 sec at 95ºC and 1 min at 60ºC (target amplification). 8. Analyse results using software supplied with your machine. NOTE: Standard curves will have to be determined for different instruments and platforms to establish the linear range for assay sensitivity and limits of detection.



EXAMPLE of data interpretation using ABI 7700 instrument: •



Set the threshold within linear range of amplification curves (approximately 0.05)



•



Limits for detection in IVA Type A (matrix gene-specific) TaqMan® assay o Ct 38 = negative



•



Limits for detection in Subtype H5-specific TaqMan® assay o Ct 40 = negative
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RRT-PCR master mix for IVA Type A (matrix gene-specific) TaqMan® assay Volume for 1 reaction:



Reagent:



Volume for ___ x reactions:



Nuclease-free water



5.75 µl



TaqMan® 2X Universal PCR master mix no AmpErase® UNG



12.5 µl



40X Multiscribe™ and RNase inhibitor mix



0.625 µl



Test primer probe mix: IVA-Type A



3.75 µl



Control primer probe mix: 18S Control



0.375 µl



Total volume



23 µl



Aliquot 23 µl into wells of optical plate.



RRT-PCR master mix for Subtype H5-specific TaqMan® assay Volume for 1 reaction:



Reagent:



Volume for ___ x reactions:



Nuclease-free water



5.75 µl



TaqMan® 2X Universal PCR master mix no AmpErase® UNG



12.5 µl



40X Multiscribe™ and RNase inhibitor mix



0.625 µl



Test primer probe mix: IVA-Subtype H5



3.75 µl



Control primer probe mix: 18S Control



0.375 µl



Total volume



23 µl
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Results



Two RRT-PCR assays were developed: one based on the matrix gene (MA) to detect all type A influenza strains; and one based on the hemagglutinin gene (HA) of the Eurasian lineage of influenza to subtype the HPAI H5N1 strains currently circulating in Asia. Both tests utilise the highly conserved gene-specific fluorescent probes developed for American isolates (Spackman et al., 2002), and newly designed forward and reverse primers to include sequences of the majority of H5N1 isolates. The new RRT-PCR tests can detect HPAI H5N1 from Asia with increased sensitivity of at least 100-fold compared to a published TaqMan® test developed for American isolates. The new TaqMan® for subtype H5 was highly reactive with AI H5N1 isolates from Vietnam and Cambodia compared with the published test specific for subtype H5 of North American AI strains (Spackman et al., 2002) which failed or had a very low sensitivity. The concurrent performance of the TaqMan® for Type A and the TaqMan® for subtype H5 on a diagnostic sample will enable the rapid detection of any AI Type A and the HA subtyping of Asian H5N1. Both tests had a large linear range of detection over 5 to 6 logs of template concentration. The tests have been implemented for the Applied Biosystems AB7700 Sequence Detection System in a one-step TaqMan® RT-PCR format enabling the sensitive detection of any influenza type A isolate and the H subtyping of current Asian H5N1 isolates in less than 5 hours from time of sample receipt.



(i) modified test ~100x (ii) published test



Fig 1. Amplification plot of TaqMan® RRT-PCR test specific for influenza type A. Improved sensitivity for detection of Asian H5N1 strains by the modified type A-specific TaqMan® test (this report) compared to the published (Spackman et al., 2002).
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(iii) modified test ~1000x



(iv) published test



Fig. 2. Amplification plot of TaqMan® tests specific for subtype H5. Improved sensitivity for detection of Asian H5N1 strains by the modified subtype H5-specific TaqMan® test (this report) compared to the published (Spackman et al., 2002).
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Fig. 3. Standard curves. Influenza type A and subtype H5-specific TaqMan® tests with A/chicken/Vietnam/39/2004 (H5N1).
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Table 2. Comparison of cycle threshold (CT) values obtained using published and modified type A-specific TaqMan® assays. CT values shown are averages of triplicate reactions; standard deviation is shown in parentheses. Type A-specific TaqMan® assay Virus isolate



Modified (A)



Published (B)



A/chicken/Vietnam/39/2004 (HP H5N1)



17.72 (± 0.27)



24.06 (± 0.30)



A/Shearwater/Aus/75 (LP H5N3)



18.19 (± 0.13)



18.00 (± 0.07)



A/chicken/NSW/1/97 (HP H7N4)



23.12 (± 0.11)



23.61 (± 0.14)



(A) Modified assay optimised for Australasian type A influenza virus strains (this report). (B) Published assay optimised for North American type A influenza virus strains (Spackman et al., 2002).



Table 3. Comparison of cycle threshold (CT) values obtained using published and modified subtype H5-specific TaqMan® assays. CT values shown are averages of triplicate reactions; standard deviation is shown in parentheses. H5-specific TaqMan® assay Virus isolate



Modified (A)



Published (B)



A/chicken/Vietnam/39/2004 (HP H5N1)



16.92 (± 0.08)



26.50 (± 0.11)



A/Shearwater/Aus/75 (LP H5N3)



17.37 (± 0.05)



>45



A/chicken/NSW/1/97 (HP H7N4)



>45



>45



(A) Modified assay optimised for Australasian subtype H5 influenza virus strains (this report). (B) Published assay optimised for North American subtype H5 influenza virus strains (Spackman et al., 2002).
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Appendix I - RRT-PCR assay Plate Layout Sheet
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DON'T LET IT HAPPEN.



SARS, foot-&-mouth disease and avian influenza have highlighted how vulnerable humans and animals are to disease epidemics in the global age. Estimates of the global cost of SARS range from $10 – 100 billion. An outbreak of foot-&-mouth in Australia, similar to the one that occurred in the UK in 2001, could cost up to $5.8 billion in reduced livestock production earnings alone. Avian influenza can kill up to 100% of chickens on some farms, and some strains of the virus have infected and killed humans. The Australian Biosecurity CRC for Emerging Infectious Disease is committed to protecting Australia’s public health, livestock, wildlife and economic resources by developing new capabilities to monitor, assess, predict and respond to emerging infectious disease threats. For more information about the Australian Biosecurity CRC, our research projects and education and training opportunities contact: The Communications Officer Australian Biosecurity CRC Building 76 Molecular Biosciences The University of Queensland St Lucia QLD 4072 Brisbane, AUSTRALIA



Phone +61 (0)7 3346 8864 Fax +61 (0)7 3346 8862 Email [email protected] Or visit our website www.abcrc.org.au
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