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Structure 

Ç  Background to animal influenza viruses of human 

concern 

 

Ç  History and mechanisms of human infections  

      with animal viruses 

 

Ç  Characteristics and epidemiology of human infections 

            with animal viruses 

 

Ç  African animal influenza viruses  

 

 



RNA virus 

Influenza types A, B and C 

ÅA and B are major human pathogens 

 

8 gene segments allow for easy 

reassortment 

 

Surface proteins (major antigens) 

 

ÅHemagglutinin (HA) (18 types) 
ÅSite of attachment to host cells 

ÅAntibody to HA is protective  

 

ÅNeuraminadase (NA) (11 types) 
ÅHelps release virions from cells 

ÅAntibody to NA can help modify 

disease severity 

Influenza Viruses have segmented RNA 



Animal influenza viruses 

Å Influenza  A  has a natural reservoir in water birds 

ïAnseriformes - ducks/geese/swans 

ïCharadriformes ï gulls/shorebirds 

ïAlso endemic in pigs, dogs, horses 

ïCats, camels, seals, mink, whales, guinea pigs can be infected 

Å >100 bird species from 25 families 
ïAlmost always low pathogenic avian influenza 



Animal influenza viruses 

ÅHPAI first reported in 1878 in Italy 
ïOutbreaks continued generally after mutations of H5 or H7  

acquired after weeks/years circulation in chickens 

ïNot in wild birds  

 

Å In 1996, H5N1 HPAI killed wild birds 

ï Since, H5N1 evolved in to 10 lineages 

ï 80 countries affected in 6 continents  



Why be concerned about animal 
influenza viruses? 

ω Little to no underlying immunity in the population 
- Spread and severity 

ωWide variety of Influenza A viruses 
18 HA and 11 NA = 198 combinations 

ωConstantly varying and unpredictable 
ωVaccines against novel strains challenging: 

Poorly immunogenic 
Little cross-protection 
Uncertainty means difficult to prepare in advance 

 
 
 
 

 

 
 



Understanding zoonotic transmission 

Å 1918 

ïSimilarities between swine and human pandemic 

influenza noted by veterinarian Dr Koen* 

Å1958 

ï First serologic evidence of human infection** 

Å 1976 

ïConclusive proof ï swine influenza virus found in 

human*** 

 
*Koen J AM J Vet Med, 1919  **Kluska et al Cesk Pediatr 1961 *** Smith T et al NEJM 1976 



Inventory of human infections 

ÅAll human infections evidenced by serologic or 

virologic means 

ÅExcluded:  

ïDeliberate infections of volunteers 

ï1968 pandemic influenza A(H3N2) (avian genes) 

ï2009 pandemic influenza A(H1N1) (swine genes) 

ÅGrouped viruses by HA and NA type 
ïAnd if high or low pathogenicity if was avian virus 

 

Widdowson et al JID 2017 



Widdowson et al JID 2017 

With H7N4 detected in 68year old woman 

with severe pneumonia, reported in China 

in Feb 2018, now 17 novel subtype groups 

detected in 29 countries, Taiwan, Hong 

Kong SAR, in six continents 



Characteristics of human zoonotic 

influenza infections 
ÅVary from mild (ILI syndrome) to severe pneumonia and 

death 

ï Conjunctivitis reported especially from H7 subtypes 

ÅDirect or indirect contact with birds or pigs often 

reported or suspected: sometimes no contact 

determinable 

ÅOther animals implicated 

ï Seal sneezing in face of laboratorian* 

ï Veterinarian caring for sick cat** 

ÅHuman to human transmission to date occasional but 

very limited (max three generations)  

*Webster R et al New Engl J Med 1981 **WHO: Monthly Risk assessment summary May 2017 



Factors associated with emergence 

ÅHost factors 

ïGenetics  - e.g. HLA alleles 

ïPrevious exposure and immunity to related viruses 

ïComorbidities 

 

Å Environmental factors 

ïMore intensive farming and widespread transport leads to more 

chance for reassortment to occur and disseminate 

 

ÅVirus factors 

 

 

 

 



Ko et al Lancet  ID, 

2013 



Receptor distribution in the respiratory airways 

13 

H5N1 viruses replicate efficiently only in cells 

in the lower respiratory tract, where the avian 

receptor is prevalent. (Alpha 2-3) 

 

 

H7N9 can replicate in both lower and upper 

respiratory tract where human receptor is 

prevalent (Alpha 2-6) 

 

Courtesy James Stevens CDC   



Relative binding of H7N9 viruses to human receptors 

Shanghai/1/2013  H7N9 Anhui/1/2013 H7N9 

Belser et al Nature, 2013 

Yang et al  J Virol, 2013 

       H5N1              H3N2 



Cases of H7N9 by year 2013-2018 

http://www.who.int/influenza/human_animal_interface/Influenza_Summary_IRA_HA_int

erface_25_01_2018_FINAL.pdf?ua=1 
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Age Group (Years) 

Age Distribution of H5N1 Compared to 
H7N9 cases in China 

H5N1 cases (n=45)

H7N9 cases (n=345)

Median (IQR): 

H5N1:  26 years 

H7N9:  59 years 
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Age Group (Years) 

Age and Gender Distribution of H7N9 Cases in 
China 

Female (n=36) Male (n=92)
Median (IQR): 
Male:      62 years (49-74) 
Female:  59 years (41-70) 



Animal and environmental detections of H7N9 
in China 2015-2017 

https://flutrackers.com/forum/forum/china-h7n9-outbreak-tracking/h7n9-who-wpro-ecdc-oie-fao-moa-chp-cnfpc-reports-and-
updates/779934-china-fao-h7n9-situation-update-1582-confirmed-cumulative-human-cases-including-610-deaths-july-26-
2017 



 

Regional trade of poultry 

Poultry value chain 



Alex Millman et al Emerg Infect Dis 2015 


