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Outline
•Overview of Avian Influenza

•Molecular diagnostics for Avian

Influenza
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“This presentation has no financial 
or commercial affiliations with any 
company and does not provide any 
benefits to any organization”
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Overview of Avian influenza virus
Avian influenza viruses (AIVs) 
• An infectious viral disease of birds caused by type A influenza 

viruses

• Classified by HA (hemagglutinin) and NA (neuraminidase)

• HA cleavage site: PQRERRRKR/G – marker of high 

pathogenicity

• HPAI strains, such as H5N1 and H7N9, can cause severe 

disease in poultry and pose a zoonotic risk to humans
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Clade Evolution and Geographic Spread
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• WHO/OIE/FAO classify H5 viruses into 

genetic clades based on HA gene

• 10 unique first-order numbered clades 

(0-9)

• Clade 2 showed a level of diversity 

(clades 2.1–2.5)

Emerg Infect Dis. 2008;14(7). https://doi.org/10.3201/eid1407.071681



6International Journal of Health Sciences, 9(1), 89–112

Clade Evolution and Geographic Spread
• Clade 2.3.4.4 emerged in 

2014; 2.3.4.4b dominant in 

2020s

• Each clade has different 

host range, virulence, and 

geographic distribution



Epidemiology of Avian Influenza in Southeast 

• Endemic circulation in countries like Vietnam, Indonesia, 

Cambodia, and Thailand

• Clade 2.3.4.4b H5N1 and H5N6 are predominant in recent 

years

• Seasonal patterns linked to migratory birds and live bird 

markets
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University Hospital Preparedness 
for Avian Influenza virus Outbreak: 
Molecular Laboratory Perspective
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Role of Molecular laboratory: perspecti

• Biosafety containment

• Diagnostic capacity enhancement

• Data integration and communication

• Collaborative network
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1.Biosafety Measures
• BSL-2+ or BSL-3 protocols:

• Secure sample handling, with inactivation before RNA extraction

• Use of sealed, automated extraction systems to minimize aerosol 
risk
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2. Diagnostic CapacityEnhancement
• Real-time RT-PCR

• Gold standard for rapid, sensitive detection

• Recommended by WHO and CDC for H5/H7 detection

• Detection of matrix (M) gene for type A identification

• Subtyping with HA/NA gene-specific primers

• Next-generation sequencing (NGS)
• Full genome characterization

• Useful for identifying novel or reassortant strains
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Key Parameters for Selecting Molecular Microbiology 
Tests in Clinical Laboratories

• Analytical performance

• Clinical performance

• Target coverage and panel design (single VS multiplex)

• Regulatory and validation status

• Workflow and laboratory compatibility (TAT, platform, 
contamination control)

• Cost and sustainability: RLU
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Reagents and Kits
• Commercial Real-Time PCR Kits

• Influenza virus panel (A/B, H1/H3, H5)

• Point of care test (Influenza A/B/RSV/COVID)

• Next generation sequencing

• Universal primer for influenza virus 
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Inactivation influenza virus (H5N1)
• CDC has validated the following buffers for inactivation of Influenza 

A(H5N1):
• TRIzol LS
• 10% buffered formalin
• Βeta-Propiolactone (BPL)
• Guanidinium-based Roche buffers
• MagNA Pure 96 kit / MagNA Pure 96 External lysis buffer
• MagNA Pure Compact / RNA isolation kit lysis buffer
• MagNA Pure 96 Cellular RNA Large Volume Kit / MPLC RNA Isolation Tissue Lysis Buffer
• Guanidinium-based Qiagen buffers
• QIAamp Viral RNA mini kit / AVL buffer
• QIAamp DSP Viral RNA mini kit / AVL buffer
• Qiagen RNeasy RNA extraction kit / RLT buffer

14https://www.aphl.org/programs/infectious_disease/influenza/Documents/HPAI_FAQ.pdf



• Real time PCR
• Semi-automated system

• Syndromic panel: include influenza virus 
(A/B/H1/H3/H5/)

• Real time PCR (A/B/H5/H7)

• Point of care test (Rapid PCR 
testing)(A/B/RSV/COVID)

• FDA-approved molecular test: 
https://www.fda.gov/medical-devices/in-
vitro-diagnostics/influenza-diagnostic-tests
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MolecularDiagnostic Techniques for AI
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Validation and verification

CLSI, MM19-A



Next generation sequencing
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Modified some primers for use 

in whole genome sequencing

• Research project to monitor genetic diversity of influenza virus, 

RSV and SARS-CoV-2 over time
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Impact of Genetic Change on Molecular Diagno

• Primer/probe mismatches from viral evolution affect RT-

PCR sensitivity.

• Single nucleotide polymorphisms (SNPs) in target regions 

can:

• Increase Ct values

• Cause false negatives
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• In silico Analysis: Evaluated complementarity of primers 

and probes to the AIV matrix (M) gene using 4,088 

sequences (2014 onward)

20Scientific Reports | (2020) 10:8441
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Entropy plots Products: 25-125
Scientific Reports | (2020) 10:8441



• Highly pathogenic avian influenza (HPAI) A(H5) viruses, 

especially clade 2.3.4.4b, pose a significant pandemic risk

• Development of an internally controlled, dual-target 

quantitative reverse transcription PCR (qRT-PCR) for 

specific detection and subtyping of influenza A(H5)

22Emerg Infect Dis. 2024 Aug;30(8):1710-1713.
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• Two WHO-recommended H5 primer–probe sets targeting 

distinct HA gene regions were combined into a multiplex assay

• Primer-probe sets were optimized to cover recent clade 2.3.4.4b 

sequences with minimal mismatches (≥97% alignment)

Emerg Infect Dis. 2024 Aug;30(8):1710-1713.
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5,975 out of 5,987 sequences (99.8%) had at most one mismatch



255,972 out of 5,990 sequences (97.7%) had at most one mismatch
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• No primer–probe mismatches were identified in influenza A(H5) 

sequences from human cases in the United States (4 cases as of 

May 29, 2024)



• Among the tested samples, A/mallard/Minnesota/16-041335-

3/2016 (H5N2) showed the largest Ct gap, reflecting the 

highest count of mismatches (9) within primer–probe set 1
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• The 95% LLOD for the H5 target was 2.5 copies/μL (95% CI 1.8–
5.3 copies/μL) for the clade and <0.5 copies/μL for the clade 
2.3.4.4b ssDNA mix

• Clinical Validation: 97% detection of influenza A in positive 
respiratory samples
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29doi: 10.1101/2025.04.15.25325613

Performance of five POC molecular tests and 10 LFAs for 
detection of 2024 HPAI H5N1



• To develop and validate Alveo Sense Poultry Avian 

Influenza Tests for detecting AIV (M gene) and subtypes 

H5, H7, and H9 in unprocessed oropharyngeal and 

cloacal samples

30Microorganisms 2025, 13(5), 1090



POCT for  avian influenza virus detect
• Reverse-transcription loop-

mediated isothermal 

amplification (RT-LAMP) 

combined with impedance-

based detection

• Delivers results in ~45 minutes
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• High specificity (100%) with no cross-reactivity to non-AIV 
pathogens

• LoD95: Approximately Ct 30–33 (comparable to RT-PCR for 
moderate viral loads)

• Field testing: Successfully detected AIV in spiked and positive 
field samples

• Supports pooled testing (up to 5 cloacal or 10 oropharyngeal 
swabs)
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POCT for  avian influenza virus detect



3. Data Integration and Communication

• Real-time reporting

• Communication with the Department of Medical Sciences 

for outbreak coordination and confirmatory testing
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4. Collaborative network
• Department of Medical Sciences, NIH (Thailand)

• Faculty of Engineering, Mahidol University

• Vidyasirimedhi Institute of Science and Technology 

(VISTEC)
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