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Pandemic Threat Posed by Avian Influenza A Viruses

Won-Kil Lee

Department of Clinical Pathology, Kyungpook National University School of Medicine, Taegu, Korea

Phylogenetic studies of influenza A viruses have revealed species-specific lineages of viral genes,
and that aquatic birds are the source of all influenza viruses in other animal species including hu-
mans, pigs, horses, sea mammals and birds. Influenza pandemics, defined as global outbreaks of
the disease due to new antigenic subtypes, have exacted a high death toll from human populations.
The most devastating pandemic, the so-called Spanish influenza of 1918 to 1919, resulted from an
H1N1 virus and caused the deaths of at least 20 million people worldwide. Other much less catast-
rophic pandemics occurred in 1957 (Asian influenza [H2N2 virus]), 1968 (Hong Kong influenza [H3-
N2 virus]), and 1977 (Russian influenza [H1N1 virus]). It is noteworthy that both the Asian and Hong
Kong outbreaks were caused by hybrid viruses, or reassortants, that harbored a combination of avi-
an and human viral genes. Avian influenza viruses are therefore key contributors to the emergence
of human influenza pandemics.

Fowl plague caused by highly pathogenic avian influenza A viruses is a constant threat to the po-
ultry industry, but until the Hong Kong influenza outbreak, there was no zoonotic evidence that avi-
an viruses could be transmitted directly to humans. In May 1997, an H5N1 influenza virus was isola-
ted from a 3-year-old boy in Hong Kong, who died of extensive influenza pneumonia. By the end of
1997, a total of 18 cases of human influenza as an emerging infection had been identified, all cau-
sed by the same H5N1 virus. With this outbreak, it became clear that the virulence potential of these
viruses extended to humans. The H5N1 isolates were not reassortants like the 1957 and 1968 pan-
demic strains; instead, all of the viral genes had originated from an avian virus. It will be critical to
identify the molecular determinants that allow efficient transmission and replication of avian influen-
za viruses in humans, so that probable pandemics can be anticipated well before the death toll be-
gins to mount. And health officials should begin to consider the production of emergency vaccines
against all 15 existing HA subtypes of influenza virus. Also, given the existence of a vast number of
influenza viruses in the aquatic wild-bird reservoir, we must accept the fact that they always pose
pandemic threats. Thus, it is recommended that poultry (chickens, turkeys, etc.), domesticated
ducks, and pigs be kept in ecologically controlled, secure houses with limited access to wild birds.

(Korean J Clin Microbiol 2004;7(2):95-104)
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Fig. 1. “Habitat” of influenza A viruses. Ecological and AbeE 791 R T weky, 1957 d “ofA] o} E7HH2N2)”
phylogenetic studies suggest that wild waterfowl are the £ 1009+ 1, 1968 “TF =7HH3N2) & 709+ e 3
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among these species. Some of the viruses may become Y AEFAA; vpo] g 29} Q1Y QIEF<A A} nfo] 2] 29
established in these new hosts and cause epidemics and A A7} A A A (reassortment)F FZ vlo]#] A7} U<l
epizootics. Viruses are transmitted among these new host o], ol 2A AR} mBE %d ulole] 27} <
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animals (e.g., between humans and pigs or between chickens 21 o _
X o O F)=¢] AX Ao AL 5l
and humans, as occurred in 1997 in Hong Kong). Reprinted Gl A & dovled A el G E S S

from reference 2 1997d T3] & 92 SoA HA3 27 =7
(H5N1)2 AM7bA] A g 41 7+ (emerging infection)
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Table 1. Representative strains of each HA and NA subtype of influenza A virus found in different animal species
Strain found in’:

subtype

Humans Swine Horses Birds
HA
H1 A/Puerto Rico/8/34 (HINI) A/Swine/lowa/15/30 (HINI) A/Duck/Alberta/35/76
H2 A/Singapore/1/57 (H2N2) A/Duck/Germany/1215/73 (H2N3)
H3 A/Hong Kong/1/68 (H3N2) A/Swine/Taiwan/70 (H3N2)  A/Equine/Mrami/1/63 (H3N8)  A/Duck/Ukraine/1/63 (H3N8)
H4 A/Duck/Czechoslovakia/56 (H4NG)
H5 [A/Hong Kong/156/97 (H5N1)] A/Tern/South Africa/61 (HSN3)
H6 A/Turkey/Massachusetts/3740/65 (HON2)
H7 [A/England/268/96 (H7N7)] A/Equine/Prague/1/56 (H7N7)  A/Fowl plague virus/Dutch/27 (H7N7)
H8 A/Turkey/Ontario/6118/68 (H8N4)
H9 A/Turkey/Wisconsin/1/66 (HON2)
H10 A/Chicken/Germany/N/49 (HION7)
H11 A/Duck/England/56 (H1 IN6)
H12 A/Duck/Alberta/60/76 (HI2N5)
H13 A/Gull/Maryland/704/77 (H13N6)
H14 A/Duck/Gurjev/263/82 (H14N?)
H15 A/Duck/Austrailia/341/83 (HISN?)
NA
NI A/Puerto Rico/8/34 (HIN1) A/Swine/lowa/15/30 (HIN1) A/Chicken/Scotland/59 (H5N1)
N2 A/Singapore/1/57 (H2N2) A/Swine/Taiwan/70 (H3N2) A/Turkey/Massachusetts/3740/65 (HON2)
N3 A/Tern/South Africa/61 (HSN3)
N4 A/Turkey/Ontario/6118/68 (H8N4)
N5 Shearwater/Australia/1/72 (HONS)
N6 A/Duck/Czechoslovakia/56 (HAN6)
N7 [A/England/268/96 (H7N7)] [A/Swine/England/191973/92  A/Equine/Prague/1/56 (H7N7)  A/Fowl plague virus/Dutch/27 (H7N7)
(HIN7)]
N8 A/Equine/Miami/1/63 (H3NS)  A/Duck/Ukraine/1/63 (H3N8)
N9 A/Duck/Memphis/546/74 (H11N9)

“ Viruses in brackets did not establish in the hosts.
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Fig. 2. Structure and genomic organization of the orthomyxoviurs influenza A virus. Reprinted for reference 3.
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Fig. 3. Single-cell reproductive cycle of influenza A virus.
Reprinted for reference 3.
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Table 2. Properties of virulent and avirulent avian influenza A viruses

Property Avirulent strains Virulent strains
HA subtype H1-H15  HS5,H7
Replication Respiratory and/or intestinal tracts Most organs
Disease Inapparent or mild: respiratory signs, systemic or “fowl plague” symptoms;
depression, diarrhea, desreased egg depression; listlessness; ruffled
production feathers, swelling around the eyes;
cessation of egg laying; respiratory
signs; excessive lacrimation; sinusitis;
edema of the head, face, neck and legs;
cyanosis of unfeathered skin,
particularly the combs and wattles;
diarrhea; nervous system disorders
Mortality Low High (up to 100%)
Plaque formation in cell culture without No Yes
exogenous protease
HA cleavage by intracellular proteases No Yes

HA cleavage site sequence Single arginine

Endoproteases responsible for HA cleavage™ Factor Xa-like protease (in ovo);
plasmin (?), protease Clara (?),
trypsin (?), bacterial protease (?)

(in vivo)

Multiple basic amino acids

Intracellular proteases expressed in most
tissues (subtilisin-like protrases such as
furin and PC6

" Proteases that can proteolytically activates the avirulent virus HAs can do so also for the virulent virus HAs.
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Table 3. HA cleavage site sequence of avian influenza virus isolares
Amino acid sequence”
Subtype Isolate HAL] IHA2
HS5
Avirulent
Most avirulent P Q - - - - R E T R G L
Recent avirulent in United States P Q - - - R K T R G L
A/Chicken/Pennsylvania/1/83 (H5N2) P Q - - - - K K K R G L
Virulent
A/Chicken/Scotland/59 (HSN1) P Q - - - - R K K R G L
A/Tern/South Africa/61 (H5SN3) P Q R E T R R Q K R G L
A/Turkey/Ontario/7732/66 (H5N9) P Q - - R) R R K K R G L
A/Chicken/Pennsylvania/1370/83 (HSN2) P Q - - - - K K K R G L
A/Turkey/Ireland/1378/85 (H5NS) P Q - R K R K K R G L
A/Turkey/England/50-92/91 (HS5N1) P Q - - R K R K T R G L
A/Chicken/Queretaro-19/95 (HSN2) P Q - - R K R K T R G L
A/Chicken/Queretaro-20/95 (H5N2) P Q R K R K R K T R G L
A/Chicken/Hong Kong/258/97 (H5N1) P Q R E R R R K K R G L
A/Hong Kong/156/97 (H5N1) P Q R E R R R K K R GL
A/Chicken/lItaly/1487/97 (HSN2) P Q - - R R R K K R G L
H7
Avirulent p E P S - - K X R G L
Virulent
A/Chicken/Brescta/02 (H7N7) P E P S - K K R K K R G L
A/Fowl plague virus/Dutch/27 (H7N7) p E P P - K K R R K R G L
A/Fowl plague virus/Dobson/27 (H7N7) p E L P - K K R R K R G L
A/Fowl plague virus/Rostock/34 (H7N1) p E P S - K K R R K R G L
A/Fowl plague virus/Egypt/45 (H7N1) F S - K K R R K R G L
A/Turkey/England/63 (H7N3) p E T P - - K R R R R G L
A/Chicken/Victoria/76 (H7N7) P E 1 P - - K R R R R G L
A/Turkey/England/199/79 (H7N7) clone 1 P E 1 P - K K R E K R G L
A/Turkey/England/199/79 (HIN7)clone2 P E I P - - K K R K R G L
A/Chicken/Leipzig/79 (H7TN7) P E I P - - K K K K R G L
A/Goose/Leipzig/137-8/79 (HTNT) P E I P - - K R K K R G L
A/Goose/Leipzig/187-7/79 (HTNT) P E I P K K K K K K R G L
A/Goose/Leipzig/192-7/79 (HTNT) P E I P - K K R K K R G L
A/Chicken/Victoria/85 (H7N7) P E I P - K K R E K R G L
A/Chicken/Victoria/92 (H7N3) P E I P - - K K K K R G L
A/Chicken/Queensland/95 (H7N3) P E 1 P - - R K R K R G L
A/Chicken/Pakistan/1369/95 (H7N2) P E 1 P - K R R K R G L
A/Chicken/Pakistan/1369/95 (H7N2) P E 1 P - - K R R K R G L
A/Chicken/Pakistan/447-4/95 (H7N3) P E I P - K R K R K R G L
" Some clone have additional R (shown in parentheses).
A obulimabe] B RET-ROG, @3 o] & % A4 e Eart 4 g o2 HAS 848447
£ B-X-B-RBE 94714 ofulmabyolv] 2o g=3t& 71% gk w4 T wR el 52 i 2dse Al
2 Aho] ShEk(Table 3). 24, 0] Fi tre] 2Holu} ofe] XA FH G
% 917 W o] Ao w5 24 A o 917 @k
4. HAS| 28 YN0 BoisHs STMEQ By
EaiEa 27k Tol g, AA T vhe) 47 5. ZRS2C RY A2 204 B 2FHo| o
) obm| 7] 7} 9l HARE who] ofyf g}, Wi 2l o] W& R 2] ¥ 921 Edl, A/Chicken/Pennsylvania/1/83 (H5N2)<}
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Fig. 4. Possible origins of pandemic influenza viruses.
Phylogenetic studies suggest that an avian influenza virus
was transmitted to humans, leading to the 1918 pandemic. A
reassortant virus possessing its PB1, HA, and NA genes from
a Eurasian avian virus, with the remainder coming from an
HINI human virus, caused the Asian pandemic of 1957. The
HINI virus subsequently disappeared from humans. In 1968,
a reassortant possessing its PB1 and HA genes from a
Eurasian avian virus and the remainder from an H2N2
human virus emerged, followed by the disappearance of the
H2N2 virus. In 1977, a virus genetically almost identical to
those circulating in humans in 1950 appeared and spread
among children and young adults. The HIN1 and H3N2
viruses are now cocirculating in humans. Reprinted from
reference 2
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Fig. 5. Models for the generation of pandemic influenza
virus strains in pigs. In the classical genetic reassortment
model (A), avian and human viruses bind respectively to
NeuAc2,3Gal and NeuAc2,6Gal (2,3 and 2,6) linkages in the
pig trachea, setting the stage for the emergence of a
reassortant that infects a large fraction of the human
population. The segments in the center of each particle
represent the viral genome. The reassortant HA gene (black)
is derived from an avian virus. In the adaptation model (B),
avian viruses acquire the ability to replicate efficiently in
humans during adaptation to the NeuAc2,6Gal linkage in
pigs. This change is mediated by a mutation in the HA gene.
Alternatively, an avian influenza virus is transmitted directly
to humans, where it reassorts with a human virus (C) or
acquires the ability to recognize the NeuAc2,6Gal linkage
after direct introduction from birds (D), leading to efficient
replication in humans. Reprinted from reference 2.
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