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Abstract 

From 2014 to 2021 the panzootic H5N8 clade 2.3.4.4 AIV spread on an unprecedented scale to wild and domestic birds worldwide. Compared to the parental clade 
2.3.4.4A viruses (designated H5N8-A) in 2013/2015, viruses in clade 2.3.4.4B (designated H5N8-B) from 2015 to 2021 caused high mortality in wild birds and Pekin ducks, 
and were detected recently in mammals including humans, foxes and dead seals. In this comprehensive study, we analyzed pathogenicity and virulence markers of H5N8-
A and H5N8-B in chickens, ducks and mice and determined the genetic markers for efficient transmission of H5N8 viruses in Pekin ducks and chickens. Recombinant 
H5N8-A, H5N8-B and H5N8-A viruses carrying gene segment(s) from H5N8-B were successfully constructed using reverse genetics. In vitro, compared to H5N8-A, H5N8-
B virus exhibited increased binding affinity to avian-sialic acid receptors and higher NA activity. Both H5N8-A and H5N8-B blocked IFN-β induction efficiently despite the 
striking preferential differences in the NS1 C-terminus domain (CTE). In chickens, both viruses were highly virulent, while H5N8-B was more virulent in Pekin ducks and 
mice than H5N8-A. In ducks, HA, NA and NS played a role in H5N8-B virulence and transmission. Mutations in the NS1 CTE of H5N8-B (i) reduced virus shedding, trans-
mission and/or endothelioptropism in chickens and ducks, (ii) reduced virulence and replication in mice and (iii) contributed to the high efficiency of H5N8-B for blocking IFN 
and apoptosis inductions in human lung cells indicating a role in virus adaptation in mammals. 

Clinical Results 

Virus 

Inoculated ducks Contact ducks 

Scoring Mortality Mean time to 

death (day) 

Mortality 

H5N8-B 2.5 10/10 3.1 5/5 

H5N8-A 0.0 0/10 n.a. 0/5 

H5N8-A + HA 0.0 0/10 n.a. 0/5 

H5N8-B + HA 0.0 0/10 n.a. 0/5 

H5N8-A + HA, PB2 0.3 0/10 n.a. 0/5 

H5N8-A + HA, PB1 0.0 0/10 n.a. 0/5 

H5N8-A + HA, PA 0.0 0/10 n.a. 0/5 

H5N8-A + HA, PB2, PB1, PA 0.0 0/10 n.a. 0/5 

H5N8-A + HA, M 0.0 0/10 n.a. 0/5 

H5N8-A + HA, NP 0.6 1/10 8.5 2/5 

H5N8–A + HA, NA 0.3 1/10 4.0 1/5 

H5N8–A + HA, NS 0.3 1/10 5.0 1/5 

H5N8–A + HA, NP, NA 1.4 3/7 5.3 3/5 

H5N8–A + HA, NP, NS 2.0 10/10 5.1 5/5 

H5N8–A + HA, NP, NS, NA 2.2 10/10 4.1 5/5 

Pathology 

Virus Shedding 

HA-Protein 

NA-Protein 

NP-Protein 

Summary 

H5N8 clade 2.3.4.4 B was more virulent than clade A in Pekin ducks 
 
Virulence determinants are in the HA, NP and NS and to a lesser extent in the 
NA  
 
Mutations in the HA and NA increased receptor binding affinity and sialidase 
activity, respectively. Mutations in the NP was important for efficient virus rep-
lication in primary duck cells and mutations in NS1 lead to more efficient 
blocking of IFN-α 

 
The shorter the NS1, the higher efficiency to block IFN-β induction and the 
higher efficiency to prevent induction of apoptosis in mammals 
 
 

 

 

 

Pekin ducks were inoculated oculonasally and observed for 10 days. They were scored daily depending on 

their clinical signs (0=healthy, 1= one or mild clinical signs, 2=more than one or severe clinical signs, 3= 

dead) HA of clade B alone was not enough to increase virulence of H5N8 A, conversely H5N8 B carrying 

H5N8-A-HA was avirulent. Thus, double reassortants were tested and NP, NA and NS in combination with HA 

from clade B increased virulence of H5N8 A. Minimum constellation for high virulence of H5N8 A in Pekin 

ducks was HA, NP and NS while NA also contributed particularly to widespread tissue tropism. 

Viral shedding was in-

vestigated using RT-

qPCR in oropharyn-

geal and cloacal 

swabs at day 4 post 

inoculation. 

Particularly in the oro-

pharyngeal swabs, 

the highest virus 

loads were detected 

for the H5N8 B virus. 

In the cloacal swab 

samples H5N8 B and 

the 

H5N8_HA,NP,NA,NS 

showed comparable 

high viral loads. 

On day 4 after inoculation, distribu-

tion of the NP antigen was detected 

using immunohistochemistry. Com-

paring tropism to the parenchyma of 

brain, heart and lungs H5N8 B and 

H5N8 A-HA,NP,NA,NS showed simi-

lar distribution. Interestingly, only the 

H5N8 B WT was detected in the en-

dothelium. 

19 aa differences were found in the HA. Since some of these mutations are located in the receptor bind-

ing domain the affinity to avian-like α-2.3 SA receptors was determined. H5N8 B showed higher binding 

affinity than HA A. Moreover, Cleavability on primary duck cells was investigated. Both HAs were effi-

ciently cleaved after 8 and 24 h. 

There are 14 mutations in the NA, distributed in all domains. The NA-activity of H5N8 B was higher than that of H5N8 

A.  

Only five mutations were found in the NP protein. H5N8-B NP in-

creased replication of H5N8-A in primary duck cells after 8 and 24 

hpi. The role of NP on polymerase activity and interaction with the 

host immune response needs further investigation. 

 

NS1-Protein 

The efficiency of 

different NS1 to 

block IFN-α and 

IFN-β induction 

was studied in 

DF1 (F) and 

HEK293T (G) 

cells using lucif-

erase assay. ch= 

chicken, hu= hu-

man. 

The inhibition of in-

terferone  (A) and 

caspase activation 

(B,C) was investiga-

ted in mice. I could 

be shown that shor-

tening of the c-

terminus lead to mo-

re efficient blocking 

of interferone b. In 

addition caspase 3 

activation was re-

duced by shorter 

NS1 c-terminus. 

A B C 

NS1 C-Terminus in mammals 


