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 PCR development: Mahmoud Naguib, Annika Graaf, Donata and 
Bernd Hoffmann 

 
 NGS sequencing and phylogenies: Anne Pohlmann, Dirk Hoeper, 

Patrick Zitzow 
 
 Sample analysis, magical lab management: Diana Wessler, Aline 

Maksimov 
 

 Epidemiologic analyses: A lot of people from the FLI Epi institute  
 

 R software and related mysteries: Aline and Pavlo Maksimov  
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 Title 



 

 

Genotypes of HP AIV H5N8, 

Germany, 2016-7 

Russia-Mongolia 

2.3.4.4 2016 

Reassortant 

Qinghai/Tyva/Uvs-Nuur Lake-like  
H5N8, 06/2016 

Wild birds 

Croatia-France-like Poland-Germany-like 

PA, NP 

NA N5 

CZ-Ger-like 

 H5N5 

Czech-

Germany-

like 

PB2 



 

 

General diagnostic  

scheme, AIV 



 

 
Sequencing-independent pathotyping - H5 

LPAI: Monobasic cleavage site 

HPAI: Insertion of 

multiple basic AA 



 

 

gs/GD-like H5 HP cleavage sites 

are fairly conserved 

Data from 

OFFLU 

webpage 



 

 Design of pathotype-specific probes 

 

Probes span cleavage site and are anchored in 

the fusion peptide encoding sequence stretch 

Naguib et al., 2016 



 

 Title 

Virus 
Patho- and PCR method 

phylotype H5-HPAI H5-LPAI 

A/turkey/Turkey/1/2005 (H5N1) HP Clade 2.2 + - 

A/chicken/Egypt/0879-NLQP/R737/2008 (H5N1) HP Clade 2.2.1.1 + - 

A/chicken/Egypt/NLQP7FL-AR747/ 2013 (H5N1) HP Clade 2.2.1.2 + - 

A/duck/Egypt/AR236-A3NLQP/2015 (H5N1) HP Clade 2.2.1.2 + - 

A/turkey/Egypt/AR238-SD177NLQP/2014 (H5N1) HP Clade 2.2.1.2 + - 

A/Falco peregrinus/Dubai/AR3430/2014 (H5N1) HP Clade 2.3.2.1c + - 

A/quail/Dubai/AR3445-2504.3/2014 (H5N1) HP Clade 2.3.2.1c + - 

A/duck/Bangladesh/D3-AR2111/2013 (H5N1) HP Clade 2.3.2.1a + - 

A/turkey/Germany/AR2485-86/2014 (H5N8) HP Clade 2.3.4.4a + - 

A/turkey/Germany-MV/AR2472/2014 (H5N8) HP Clade 2.3.4.4a + - 

A/Tufted-duck/Germany/AR8444/2016 (H5N8) HP Clade 2.3.4.4b + - 

A/chicken/Indonesia/R132/2004 (H5N1) HP Clade 2.1.1 + - 

A/chicken/Indonesia/R134/2003 (H5N1) HP Clade 2.1.1 + - 

A/chicken/Indonesia/R60/2005 (H5N1) HP Clade 2.1.1 + - 

A/Vietnam/1194/2004 (H5N1) HP Clade 1.1 + - 

A/chicken/GXLA/1204/2004 (H5N1) HP Clade 2.4 + - 

A/chicken/Vietnam/P41/2005 (H5N1) HP Clade 1.1 + - 

A/chicken/Vietnam/P78/2005 (H5N1) HP Clade 1.1 + - 

A/common teal/Germany/Wv1378-79/2003(H5N2) LP - + 

A/duck/Germany/R1789/2008 (H5N3) LP - + 

A/turkey/Germany/AR915/2015 (H7N7) - - - 

A/chicken/Egypt/AR754-14/2013 (H9N2) - - - 

A/chicken/Sudan/AR251-15/2014 (IBV) - - - 

A/chicken/Egypt/AR254-15/2014 (NDV) - - - 



 

 
Similar sensitivity of H5 

pathotyping and M1.2 RT-qPCRs 



 

 

H5 pathotyping RT-qPCRs, 

field samples 



 

 

Subtyping RT-qPCR H5HP - Naguib 



 

 

Subtyping RT-qPCR H5HP - De 



 

 

Subtyping RT-qPCR H5HP - comp 



 

 

Sequencing  

from RT-qPCR amplificates 

132 bp 

NTC PTC Sample 

1 2 3 4 5 6 

 HP H5 RT-qPCR 2.3.4.4b 

 Expected product size 124-138 bp 

 Tubes need to be opened (cave contamination) 



 

 

H7 HP cleavage sites are not at all conserved 

 Data from OFFLU 



 

 
Similar sensitivity of H7 

pathotyping and M1.2 RT-qPCRs 



 

 

Sequencing-independent pathotyping 

H7 LP and HP RT-qPCRs, field samples 

M 1.3 

H7 LP 

H7 HP-De 

H7 HP-It 



 

 

SISPA 

New proposed diagnostic algorithm for 

sequencing-independent  

sub- and pathotyping  

of avian influenza viruses 



 

 



 

 

RITA 

Riems influenza typing assay: 

Extended sets of RT-qPCR to detect 16 

HA and 9 NA subtypes of avian 

influenza viruses 



 

 

RITA – a low density PCR array 

M 

H1 

H1 

H5 

H3 
H8 

H3 

H6 

H7 
H2 

H2 

H4 

H5 

H7 

H7 

H9 

N3 

H11 

H10 

H10 

H12 

H13 
H16 

N2 

N1 

N3 

N4 

N5 

N6 

N7 

N8 

N9 



 

 Title 



 

 

Subtyping RT-qPCR N8 - RITA 



 

 

Subtyping RT-qPCR N8 - De 



 

 

Subtyping RT-qPCR N8 - comp 



 

 

Distinguishing gs/GD clades und 

lineages by RT-qPCR 

• Antigenic variation affecting vaccine efficacy between and  

within gs/GD clades 

• Co-circulation of different clades/lineages/escape mutants 

reported from Vietnam, China, Egypt 

Naguib et al., 2016 



 

 

Virus 

Patho- and       

phylotype 
Clade 

2.2.1.2 

Clade 

2.3.2.1 

Clade 

2.3.4.4 

A/turkey/Turkey/1/2005 (H5N1) HP Clade 2.2 + - - 

A/chicken/Egypt/0879-NLQP/R737/2008 (H5N1) HP Clade 2.2.1.1 - - - 

A/chicken/Egypt/NLQP7FL-AR747/ 2013 (H5N1) HP Clade 2.2.1.2 + - - 

A/duck/Egypt/AR236-A3NLQP/2015 (H5N1) HP Clade 2.2.1.2 + - - 

A/turkey/Egypt/AR238-SD177NLQP/2014 (H5N1) HP Clade 2.2.1.2 + - - 

A/Falco peregrinus/Dubai/AR3430/2014 (H5N1) HP Clade 2.3.2.1c - + - 

A/quail/Dubai/AR3445-2504.3/2014 (H5N1) HP Clade 2.3.2.1c - + - 

A/duck/Bangladesh/D3-AR2111/2013 (H5N1) HP Clade 2.3.2.1a - + - 

A/turkey/Germany/AR2485-86/2014 (H5N8) HP Clade 2.3.4.4a - - + 

A/turkey/Germany-MV/AR2472/2014 (H5N8) HP Clade 2.3.4.4a - - + 

A/Tufted-duck/Germany/AR8444/2016 (H5N8) HP Clade 2.3.4.4b - - + 

A/chicken/Indonesia/R132/2004 (H5N1) HP Clade 2.1.1 - - - 

A/chicken/Indonesia/R134/2003 (H5N1) HP Clade 2.1.1 - - - 

A/chicken/Indonesia/R60/2005 (H5N1) HP Clade 2.1.1 - - - 

A/Vietnam/1194/2004 (H5N1) HP Clade 1.1 - - - 

A/chicken/GXLA/1204/2004 (H5N1) HP Clade 2.4 - - - 

A/chicken/Vietnam/P41/2005 (H5N1) HP Clade 1.1 - - - 

A/chicken/Vietnam/P78/2005 (H5N1) HP Clade 1.1 - - - 

A/common teal/Germany/Wv1378-79/2003(H5N2) LP - - - 

A/duck/Germany/R1789/2008 (H5N3) LP - - - 



X 

 

 

Sequencing-independent „clading“ 

of gs/GD HPAIV H5, field samples 

M 1.3 2.2.1.2 2.3.2.1 2.3.4.4 
X 



 

 
Conclusions 

 Generic detection of influenza viruses by RT-

qPCRs is an established routine measure. 

 Subtyping by RT-qPCR can be applied to all sub-

types and various lineages of AIV. 

 Sequencing-independent pathotyping by RT-qPCRs 

can be applied to routine diagnostics. 

 Established RT-qPCRs and proposed algorithms 

may require adaptation to and fine tuning for 

improved performance in circumscript outbreaks. 

 All PCRs published and/or available from FLI . 


