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There is no question that there 
will be another influenza pan-

demic someday. We simply don’t 
know when it will occur or wheth-
er it will be caused by the H5N1 
avian influenza virus. But given 
the number of cases of H5N1 in-
fluenza that have occurred in 
humans to date (251 as of late 
September 2006) and the rate of 
death of more than 50%, it would 
be prudent to develop robust plans 
for dealing with such a pandemic.

The epicenters of both the 
Asian influenza pandemic of 1957 
and the Hong Kong influenza pan-
demic of 1968 were in Southeast 
Asia, and it is in this region that 
multiple clades of H5N1 influ-
enza virus have already emerged. 
The Asian H5N1 virus was first 
detected in Guangdong Province, 
China, in 1996, when it killed 
some geese, but it received little 
attention until it spread through 
live-poultry markets in Hong Kong 
to humans in May 1997, killing 
6 of 18 infected persons (see map 
and time line). The culling of all 
poultry in Hong Kong ended the 
first wave of H5N1, but the vi-
rus continued to circulate among 
apparently healthy ducks in the 
coastal provinces of China.

From 1997 to May 2005, H5N1 
viruses were largely confined to 
Southeast Asia, but after they had 
infected wild birds in Qinghai 
Lake, China, they rapidly spread 
westward. The deaths of swans 
and geese marked H5N1’s spread 
into Europe, India, and Africa. 
Infections with highly patho-
genic H5N1 viruses were con-
firmed in poultry in Turkey in 

mid-October 2005, and the first 
confirmed human cases in Turkey 
occurred in early January 2006. 
Thus, H5N1 influenza viruses 
continue to emerge from the epi-
center.

The H5N1 viruses can be di-
vided into clade 1 and clade 2; the 
latter can be further subdivided 
into three subclades. The bad news 
is that these clades and subclades 
probably differ sufficiently in their 
antigenic structure to warrant the 
preparation of different vaccines. 
Studies in ferrets suggest that 
vaccine against one clade will not 
protect against infection with 
another clade, though it will pro-
tect against influenza-associated 
death.1 Thus, the available infor-
mation supports the notion that 
a vaccine against H5N1 is worth 
stockpiling as a “prepandemic” 
vaccine, since very few persons 
have been immunologically ex-
posed to H5 antigens and priming 
with one clade may be beneficial.

Another key question is wheth-
er these clades and subclades vary 
in sensitivity to available anti-
influenza drugs. The majority of 
H5N1 clade 1 viruses (e.g., A/Viet-
nam/1203/2004) are resistant to 
the adamantanes (amantadine and 
rimantadine), but the majority of 
clade 2 viruses (e.g., A/Indonesia/
5/2005) are sensitive. All H5N1 
viruses that have been tested are 
sensitive to the neuraminidase in-
hibitors; these drugs may be ef-
fective when used prophylactically, 
but the window for effective treat-
ment will probably be limited to 
1 to 2 days after initial infection. 
Kandun et al. make clear in their 

report in this issue of the Journal 
(pages 2186–2194) on three clus-
ters of patients with H5N1 infec-
tion in Indonesia that the difficulty 
with the use of a neuraminidase 
inhibitor (oseltamivir) in those 
cases was that treatment began 
5 to 7 days after initial infection. 
Such delayed administration of the 
drug limits its value in decreasing 
the viral load and might lead to 
the selection of resistant strains.

The use of rapid diagnostics for 
H5N1 virus infection can permit 
specific antiviral treatments to be 
initiated early. Oner et al. report 
in this issue of the Journal (pages 
2179–2185) that in a human out-
break of H5N1 in Turkey, it was 
difficult to detect H5N1 virus in-
fection with standard techniques; 
the authors found that a real-time 
polymerase-chain-reaction assay 
performed on naso pharyngeal 

H5N1 Influenza — Continuing Evolution and Spread

Focus on Research

H5N1 Influenza — Continuing Evolution and Spread
Robert G. Webster, Ph.D., and Elena A. Govorkova, M.D., Ph.D.

Related articles, p. 2179 and 2186

The Spread of H5N1 Influenza Virus 
and Time Line Showing Its Emergence.

The shaded area across southern China 
is the hypothetical epicenter for the 
emergence of H5N1 clades and sub-
clades. The H5N1 viruses are being 
perpetuated in the domestic birds of 
the region, despite the use of univer-
sal vaccination of all domestic poultry. 
The red dot in the time line denotes 
the occurrence of the first human 
case, followed by the number of con-
firmed human cases in that country. 
The green and blue solid bars repre-
sent documented H5N1 infection in 
domestic poultry and wild birds, and 
dashed bars indicate that H5N1 in the 
avian population is suspected. These 
limited surveillance data are adapted 
from the World Health Organization 
and the U.N. Food and Agriculture 
Organization (www.fao.org). HA 
denotes hemagglutinin.
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