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Highly pathogenic influenza A (H5N1) virus causes a widespread poultry deaths worldwide. The first 
human H5N1 infected case was reported in Hong Kong Special Administrative Region of China in 1997. 
Since then, the virus re-emerged in 2003 and continues to infect people worldwide. Currently, over 400 
human infections have been reported in more than 15 countries and mortality rate is greater than 60%. 
H5N1 viruses still pose a potential pandemic threat in the future because of the continuing global 
spread and evolution. Here, we summarize the epidemiological, clinical and virological characteristics 
of human H5N1 infection in China monitored and identified by our national surveillance systems. 
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1  Epidemiology of human infecitons 

1.1  National surveillance system 

There are two mechanisms for reporting suspected 
H5N1 cases. One is based on the report of hospitaliza-
tions of pneumonia of unknown origins, the other is 
based on one-month enhanced surveillance for cases of 
influenza-like illness (ILI, fever≥38℃ and cough or 
sore throat, with no other confirmed diagnosis) at all 
health-care facilities within a radius of 3-km after the 
occurrence of confirmed H5N1 poultry outbreak or hu-
man infection. Case definition of confirmed H5N1 hu-
man case is defined by a patient with pneumonia or ILI 
and laboratory evidence of H5N1 virus infection, which 
includes positive results of viral isolation or RNA detec-
tion (such as RT-PCR or Real-time PCR) on respiratory 
specimens, or a 4-fold or greater increase of H5N1 spe-
cific antibody titer in paired acute and convalescent sera. 
The specimens from the suspected H5N1 human case 
are initially tested by influenza laboratories at provincial 
level, as part of the nationawide influenza influenza 
surveillance network. The network consists of 200 sen-
tinel hospitals and 84 influenza diagnosis laboratories.  

Subsequently, all H5N1 PCR positive samples will be 
confirmed and validated by the Chinese National Influ-
enza Center. In China, a total of 37 human H5N1 in-
fected cases including 24 fatal cases were identified and 
laboratory confirmed by the above-mentioned surveil-
lance system since 2005.  

1.2  Incidence and demographical characteristics 

Since 2003, over 15 countries have reported more than 
413 laboratory confirmed human H5N1 cases, in which 
256 are fatal. Ninety percent of human cases have been 
reported in 5 countries, Indonesia (141), Vietnam (109), 
Egypt (60), China (38) and Thailand (25) (http:www. 
who.int/csr/disease/avian_influenza/country/cases_table
_2009_03_30/en/index.html). And this is strongly asso-
ciated with the geographical distributin of poultry H5N1 
outbreaks (http://www.who.int/wer/2008/ wer8346.pdf). 
Most H5N1 human cases are reported during win-
ter-spring period (December–March) accompanying the 
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increase in poultry outbreaks at that time[1]. Among 37 
human H5N1 infected cases in China, 34 cases were 
reported in southern China whereas only 3 cases were 
reported in northern China, although the difference in 
etiology between geographical locations is not clear. 
Moreover, the peak time of human H5N1 infection is 
detected in winter-spring period, although a few spo-
radic cases were occasionally detected in summer period. 
The median age of patients with influenza A (H5N1) 
virus infection is approximately 20 year old, with 77% 
of patients of age 30 or below. Cases of human infection 
with influenza A (H5N1) were reported equally bet- 
ween males and females (http://www.who.int/wer/2008/ 
wer8346.pdf).  

The overall case-fatality rate (CFR) of human H5N1 
infection is 62%. However, CFR rangeed from 38% (in 
Egypt) to 82% (in Indonesia) (http:www.who. int/csr/ 
disease/avian_influenza/country/cases_table_2009_03_ 
30/en/index.html). CFR is high in age group between 19 
and 20 years old and low in age group older than 50 
years old[2]. It is still not clear the role of pre-exisiting 
immunity from previous influenza subtypes, exposure 
history and social behavior in lower infection rate and 
mortality in elderly. According to analysis of the 26 
human cases in China, the median age is 29 years of age 
(ranging from 6 to 62) and 58% were female. Five (19%) 
cases were children younger than 10 years old[3]. 

1.3  Transmission  

High pathogenic H5N1 infection is endemic in 
south-east Asia with geographical distribution over 60 
countries; however, the human infection is still sporadic 
and rare. As H5N1 infection is a zoonotic disease, the 
predominant pathway of human infection is still 
avian-to-human transmission. Hence, control of H5N1 
poultry outbreak has a significant impact in interruption 
of human infection and transmission.  

The most commonly recognized risk factor for humn 
infection is handling of sick or dead poultry during a 
week before the onset of illness[3−5]. Slaughtering, de-
feathering, or preparation of sick or dead poultry for 
cooking, touching or holding sick or dead poultry, and 
consumption of raw or undercooked poultry or poultry 
products such as duck blood are also implicated as po-
tential risk factors[3−6] A retrospective case-control study 
conducted in our own study in China by Yu et al. shows 
that independent risk factors for human infection in 

China are direct contact with sick or dead poultry, indi-
rect exposure to sick or dead poultry, and visit of a wet 
poultry market[7].  

At present, human-to-human transmission is rare and 
un-sustained in human H5N1 infection[8−10]. Epidemi-
ologically linked clusters have been reported in 10 
countries and have accounted for about one quarter of all 
human cases. They involved involved 2 or 3 persons 
with a common source of exposure history, except for 
one 8 members family cluster in Indonesia (http://www. 
who.int/csr/don/2006_05_31/en/print.html). Ninety per-
cent of case clusters are associated with genetic-related 
family members. In China, a limited human-to-human 
transmission case was reported in Nanjing city in 2007. 
A 24-year-old index case died, and his 52-year-old father, 
survived after receiving early antiviral treatment and 
post-vaccination plasma from an adult volunteer in a 
H5N1 vaccine trial. The only plausible exposure history 
to H5N1 virus of the index case was a visit to poultry 
market 6 days before the illness onset. The second case 
had a substantial unprotected close contact to his ill son 
during the extensive care in the hospital. Ninety-one 
close contacts to one or both cases without adequate 
protection were serologically tested for H5N1 infection 
with informed consent. Among them, 78 (86%) received 
oseltamivir chemoprophylaxis and two complained mild 
illness, both ill contacts were tested negative for H5N1 
virus by RT-PCR. All 91 close contacts tested negative 
for H5N1 antibodies. H5N1 viruses isolated from the 
two cases were genetically identical except for one 
non-synonymous nucleotide substitution in NS1 gene 
(glutumate to glycine at amino acid position 82), a 
strong evidence of direct transmission from the index 
case to second case[10].   

Even enhanced epidemiology investigation was 
launched immediately after report of the human infec-
tion, the source of infection of one quarter of human 
cases remains unclear. Recently our recent data suggests 
that environment-to-human transmission is possible and 
have been under-represented previously (unpublished 
data)[8]. 

1.4  Incubation period 

After exposure to infected poultry, the incubation time is 
generally 2−5 days. Limited data from Thailand, Viet-
nam and Turkey on the incubation period suggest that 
illness onset occurs <7 days after the last exposure to 
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sick or dead poultry[4−6]. For clusters in which limited 
human-to-human virus transmission likely occurred, the 
incubation period appeared to be 3–5 days, but was es-
timated to be 8–9 days in 1 cluster[9]. A retrospective 
study of influenza virus (H5N1) cases conducted in 
China showed that the overall median incubation period 
was longer for those who had visited a wet poultry mar-
ket than for those who were exposed to sick or dead 
poultry, but the difference was not significant. When 
data for single and multiple exposure days were com-
bined, the overall median incubation period for case- 
patients exposed to a wet poultry market (n = 8) was 
significantly longer than that for case patients (n = 16) 
exposed to sick or dead poultry (7 days (range 3.5–9) 
vs.4.3 days (range 2–9); P = 0.045)[11]. 

2  Clinical features of human infecitons 

Most patients are initially presented with high fever 
(>38℃) and cough, then develop pneumonia rapidly and 
often progresse rapidly to the acute respiratory distress 
syndrome, and finally died. The median time from the 
onset of illness to death is 9−10 days[2].  

Based on a retrospective study of 26 confirmed hu-
man H5N1 cases identified through surveillance in 
China between October 2005 and April 2008, Yu et al. 
showed that many H5N1 cases reported fever (92%) and 
cough (58%) at illness onset, and had lower respiratory 
findings of tachypnea and dyspnea at admission. All 
cases progressed rapidly to bilateral pneumonia. Clinical 
complications included acute respiratory distress syn-
drome (ARDS, 81%), cardiac failure (50%), elevated 
aminotransaminases (43%), and renal dysfunction (17%). 
Fatal cases had a lower median nadir platelet count 
(64.56109 cells/L vs 93.06109 cells/L, P = 0.02), higher 
median peak lactic dehydrogenase (LDH) level (1982.5 
U/L vs 1230.0 U/L, P = 0.001), higher percentage of 
ARDS (94% (n = 16) vs 56% (n = 5), P = 0.034) and 
more frequent cardiac failure (71% (n = 12) vs 11% (n = 
1), P = 0.011) than nonfatal cases. A higher proportion 
of patients who received antiviral drugs survived com-
pared to untreated (67% (8/12) vs 7% (1/14), P = 
0.003)[3]. In summary, the clinical course of Chinese 
H5N1 cases is characterized by fever and cough initially, 
with rapid progression to lower respiratory disease. De-
creased platelet count, elevated LDH level, ARDS and 
cardiac failure were associated with fatal outcomes[3]. 

3  Virological chracteristics of human 
infecitons 

The H5N1 virus belongs to the influenza A virus and the 
genome contains eight negative-sense single strand 
RNA segments encoding 11 proteins. H5N1 virus usu-
ally infects poultries and is present in some natural hosts 
such as waterfowl birds without any symptoms. The 
species barrier from bird to human is still very strong for 
transmission of H5N1 virus. However in some rare 
situations, the H5N1 virus can infect other mammalian 
hosts such as tiger and human. The transmission mecha-
nism is still unknown. The host range distribution is 
strongly restricted by the receptor specificity of surface 
antigen haemagglutinin. Human influenza viruses such 
as H1N1 and H3N2 bind preferentially to SAa2,6Gal, 
but H5N1 viruses bind preferentially to SAa2,3Gal. 
Different distribution of these two types receptor in hu-
man respiratory system may limit the H5N1 virus to 
infect human easily, because the SAa2,6Gal receptor is 
dominant on epithelial cells in upper respiratory tract, 
whereas the SAa2,3Gal receptor is predominantly lo-
cated low respiratory tract cells such as type II pneumo-
cytes, alveolar macrophages, and nonciliated cuboidal 
epithelial cells in terminal bronchioles (ref). It may ex-
plain the inefficient human-to-human transmission of 
H5N1 viruses observed so far to some extent (14). To 
facilitate infection and transmission in human, the virus 
may acquire the ability to recognize SAa2,6Gal receptor 
(15)[12,13]. Some H5N1 viruses isolated from human pa-
tients have acquired mutation that can bind to both 
SAa2,6Gal and SAa2,3Gal receptor, but these mutations 
appear to be insufficient for efficient human-to-human 
transmission[14]. Even the reassortment between an 
H5N1 virus and an H3N2 virus did not confer transmis-
sibility in ferrets[15]. This implies that the multiple viral 
genes are probably required to generate a potential pan-
demic virus, through multiple-sequence alignment and 
statistical testing of each aligned amino acid. Thirty-two 
host markers that discriminate human influenza viruses 
from avian influenza viruses were identified. These host 
markers are in 5 of the 11 proteins tested: RNA poly-
merase basic protein 2 (PB2), RNA polymerase acidic 
protein (PA), nucleoprotein (NP), matrix protein (M1), 
and the nonstructural protein (NS1)[16]. Currently most 
of the H5N1 virus isolates showed that almost all avian 
influenza host markers instead of human influenza host  
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markers, but sporadic amino acids present in human- 
hosted viruses may indicate that some H5N1 viruses 
have made modest adaptations to their new hosts in the 
past. The markers should be useful in monitoring poten-
tial pandemic influenza viruses in future. 

Based on their HA sequences, HPAI H5N1 viruses are 
now divided into 10 clades(http://www.cdc.gov/EID/ 
content/14/7/el.htm). The virus isolated from Hong 
Kong in 1997 belonged to clade 0, clade 1 viruses have 
continued to circulate and have been recently isolated in 
poultry in Cambodia, Thailand and Viet Nam. Although 
recent human clade 1 infections have been limited to 
Cambodia, clade 1 viruses have also been previously 
isolated from humans in China Hong Kong Special Ad-
ministrative Region, Thailand and Viet Nam. Clade 2.1 
viruses have continued to circulate in poultry and have 
caused human infections in Indonesia. Clade 2.2 viruses 
have the most geographically diverse distribution and 
have caused outbreaks in birds in over 60 countries in 
Africa, Asia and Europe with human infections in Azer-
baijan, Bangladesh, China, Djibouti, Egypt, Iraq, Nige-
ria, Pakistan and Turkey. Clade 2.3.2 and 2.3.4 viruses 
continue to circulate in birds in Asia; clade 2.3.4 viruses 
have been responsible for human infections in China, 
Lao People’s Democratic Republic, Myanmar and Viet 
Nam. Viruses from other clades, including clade 7, have 
been detected in birds in Asia. Since September 2008, 
human infections have been caused by clade 2.3.2 vi-
ruses in China, clade 2.3.4 viruses in China and Viet 
Nam, clade 1 viruses in Cambodia, clade 2.2 viruses in 
Egypt and by clade 2.1 viruses in Indonesia.  

The majority H5N1 viruses isolated from human pa-
tients in China belonged to Clade 2.3.4, except that one 
virus isolated from patient occurred in 2006 in Xinjiang 
Uygur Autonomous Region belonged to Clade 2.2, 
which is similar with the virus isolated from Qinghai 
lake wild birds outbreak[17], and another one isolated 
from a patient occurred in 2009 in Guangxi Zhuang 
Autonomous Region belonged to Clade 2.3.2. All the 
virus isolates from China since 2005 contains multiple 
basic amino acids at the cleavage site, which are recog-
nized by ubiquitous proteases, leading to systemic viral 
infections, and conferred the highly pathogenic charac-
teristics (unpublished data).  

4  Conclusions and perspectives 

Highly pathogenic H5N1 avian influenza virus has 
caused poultry outbreak widely, and becomes endemic 

in south-east Asia region. This poses a great threat to the 
poultry industry and causes a big economic lost in the 
affected regions. H5N1 viruses also pose a great poten-
tial risk for human health, with at least two concerns for 
the public. Firstly, although the capacity for H5N1 virus 
to infect human is inefficient, the clinical results of hu-
man infection are usually severe such as pneumonia, 
ARDS and death, and the mortality rate is the highest 
among infectious diseases. Secondly, H5N1 virus still 
poses the potential risk for the next pandemic especially 
for one like 1918’s “Spanish pandemic”. There are at 
least three requirements for the emergence of a pan-
demic virus, which including a novel HA and possibly 
NA subtype, lack of prior immunity in the human popu-
lation, and the capacity for efficient and sustained hu-
man-to-human transmission. H5N1 avian influenza virus 
has already met the first two requirements, and only not 
fit for the third requirement. But based on previous his-
tory lessons, a pandemic occurrence is inevitable. There 
were three pandemics in the 20th century, and the most 
severe one is the 1918’s “Spanish pandemic”, causing 
the death of 25−40 million people globally. Theoreti-
cally there are at least two mechanisms for H5N1 avian 
influenza virus to become a pandemic virus. The first 
one is through direct adaption, as is believed to have 
occurred with the 1918’s “Spanish pandemic” influenza 
virus. The second mechanism is through reassortment 
with current circulating human influenza viruses such as 
H1N1 or H3N2 virus. Such reassortment may occur in 
human or in intermediate host such as pigs. This kind of 
mechanism was proved to be the reason for 1957’s 
H2N2 “Hong Kong Flu” and 1968’s H3N2“Asia Flu”. 
But nobody can ascertain that the next pandemic would 
be caused by H5N1 virus, other subtypes of avian influ-
enza virus such as H9N2 and H7N7 also pose the poten-
tial risk for the next pandemic. 

It is hard to predict the beginning of next pandemic, 
but global influenza surveillance is the cornerstone for 
the pandemic preparedness, and research also should be 
conducted to understand the infection and pathogenesis 
mechanism of H5N1 virus, which will provide the nec-
essary information for the surveillance and clinical 
treatment of H5N1 virus infection. Broad-protection 
novel vaccine and antiviral drugs also should be devel-
oped to provide fighting weapons for the next pandemic 
preparedness. Clearly, it is worthy to try our best to 
build up the infectious disease defense “Great wall” to 
fight against H5N1 avian influenza virus and the poten-
tial pandemic. 
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