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Avian influenza A H5N1 remains the most threatening virus that may cause another devastating pan-
demic in the foreseeable future. In 1997, Hong Kong was the first place to detect human infections due 
to this virus originated from birds. The experience and lessons learnt provide important information for 
controlling further outbreaks caused by avian influenza viruses. 
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1  Introduction 

Avian influenza remains a global health concern both for 
poultry and humans. Up to early March 2009, 411 hu-
man influenza A H5N1 infections had been reported to 
the World Health Organization (WHO). Human cases 
were mainly reported from Southeast Asia including 
Indonesia (141 cases), Vietnam (109 cases), China (38 
cases), Thailand (25 cases); and some from Middle East 
including Egypt (58 cases) and Turkey (12 cases) 
(http://www.wpro.who.int/health_topics/avian_influenza
/data.htm ). The crude mortality is alarming with 256 
(62%) of the known cases died of the infection. Children 
aged below 10 years tend to have a lower mortality 
(45%) compared to the patients between 10 and 39 years 
old (ranging from 73% to 77%). The activity of H5N1 in 
poultry remains high and there is no sign of decline. The 
emergence of another influenza pandemic is imminent. 
Hong Kong represents a special icon for influenza A 
H5N1 as it was the first place where human infection 
was detected. This review walks back the experience 
and lessons learnt from Hong Kong. 

2  The first confirmed human H5N1 in-
fection in the world 

On May 10, 1997 a previously healthy three-year-old 

Chinese boy developed fever and abdominal pain. He 
was admitted to a private hospital three days later be-
cause of persisting symptoms despite the prescription of 
antibiotics and antipyretics including aspirin from a pri-
vate practitioner. On admission, bronchial inflammatory 
changes were detected on chest X-ray. Peripheral blood 
investigations revealed leucopenia of 2.0 (neutrophil 
count 0.9, lymphocyte count 0.8) × 109/L, erythrocyte 
sedimentation rate of 13 mm/h, and the serum alanine 
transaminase was 64 IU/L (reference range: 5-45). In-
travenous amikacin and cefotaxime were given, but he 
became irritable with more severe abdominal pain. 
Three days later, he was referred to a public hospital and 
rapid deterioration occurred on the next day with confu-
sion, very irritable, high fever, diffuse pulmonary infil-
tration, hyperventilation, and with leucopenia persisted, 
serum alanine transaminase raised to 518 IU/L and as-
partate transaminase up to 2410 IU/L (reference range: 
20-60); clinically compatible with a Reye-like picture. 
The child finally succumbed on May 21. Paramortem 
liver biopsy showed fatty changes. Renal biopsy re-
vealed vacuolation and vesicular change of proximal 
tubules which were consistent with Reye’s syndrome[1]. 
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Influenza A virus was isolated from the tracheal aspi-
rate taken nine days after the onset of illness. It was a 
routine for the Government Virus Unit of Hong Kong 
Department of Health to characterize each influenza 
isolate collected in the territory regardless of clinical 
severity[2]. It was this routine surveillance system that 
enabled the identification of this isolate as “atypical”. 
The virus was submitted to further identification by 
overseas reference laboratories and the WHO collabo-
rating centres for influenza. The identity of influenza A 
H5N1 was confirmed independently by the National 
Influenza Centre at Rotterdam, the National Institute for 
Medical Research at London, and the Centers for Dis-
ease Control and Prevention at Atlanta[3].  

2.1  The first cluster of human H5N1 infections in 
Hong Kong 

After a few months of silence, a cluster of 17 human 
H5N1 infections was detected between November and 
December 2007[4]. Seven of them were male and 10 
were female. Their ages ranged from one to 60 years, 
with eight being young children aged six years or below, 
three teenagers, four young adults from 24 to 37 years, 
and two patients above 50 years (Figure 1). Most were 
previously healthy. One had systemic lupus erythema-
tosus complicated with nephritis and pleural effusion, 
one had histocytosis X and diabetes insipidus, and one 
had glucose-6-phosphate dehydrogenase deficiency. The 
cases involved two domestic helpers, two housewives, 
one office worker, one retiree, and the others were pre-
schoolers or students. None were poultry workers. The 
clinical courses ranged from self-limiting mild respira-
tory symptoms to severe pneumonia and multiple organ 
dysfunction syndrome (Figures 2 and 3). All seven cases 
of mild respiratory infections occurred in young children 

aged five years and below. Five of the 17 cases died de-
spite attempts of antiviral therapy with amantadine for 
four of the fatal cases. Among the severe cases, gastero-
intestinal symptoms (abdominal pain, vomiting and di-
arrhea), raised liver enzymes, renal failure unrelated to 
rhabdomyolysis, pancytopenia, acute respiratory distress 
syndrome were prominent[4,5]. Secondary bacterial 
pneumonia, though implicated as a cofactor for severe 
influenza, was not found to be a cause of deterioration in 
this series of H5N1 infections.  

2.2  Human-to-human transmission 

The occurrence of this first known outbreak of human 
H5N1 infections raised a serious concern on the effi-
ciency of human-to-human transmission of this newly 
identified virus, and thus the potential of developing into 
another devastating pandemic of influenza[6]. Great ef-
fort was embarked to trace possible hints of hu-
man-to-human transmission. Geographically, the cases 
were spread over many districts in Hong Kong. How-
ever, Hong Kong is an overcrowding small city, there 
are many chances for people residing in different dis-
tricts to come to contact in public places and transporta-
tion systems. Epidemiologically, the cases were not 
linked and the initial conclusion was that there was no 
prima facie evidence of human-to-human transmission. 

Several investigations have been conducted to further 
elucidate the possibility of human-to-human transmis-
sion. A case-control study was conducted on 15 cases 
using controls matched by age, sex, and neighbourhood. 
It was concluded that visiting either a retail live poultry 
stall or a market selling live poultry in the week before 
illness onset was significantly associated with H5N1 
disease (64% of cases versus 29% of controls, odds ratio: 
4.5, P = 0.045), whereas eating or preparing poultry  

 

 
 

Figure 1  Age and sex distribution of 18 human H5N1 infections in Hong Kong, 1997 
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Figure 2  Electron micrograph of influenza A H5N1 isolated from a 
patient during the 1997 outbreak in Hong Kong 

 

 
 

Figure 3  Chest X-ray taken from a 13-year child infected with influenza 
A H5N1 on day-6 after the onset of illness. The child developed leuco-
penia, lymphopenia, thrombocytopenia, reactive haemophagocytic syn-
drome, and multiple organ failure (courtesy of Prof. Rita Sung, Chinese 
University of Hong Kong)  
 
product, recent exposure to persons with respiratory ill-
ness including those with confirmed H5N1 infection 
showed no significant association[7]. 

While human-to-human transmission in community 
was found to be unlikely, the situation in a hospital set-
ting could be different as healthcare workers were in-
volved in taking respiratory specimens especially naso-
pharyngeal and tracheal aspirates that might generate 
infectious aerosols. Possible transmission from patients 
to healthcare workers in hospitals was investigated by a 
retrospective serological study[8]. As a result, eight 
(3.7%) of 217 exposed and two (0.7%) of 309 non-  
exposed healthcare workers were found positive for 

H5N1 antibody. The difference remained significant 
after controlling poultry exposure (P = 0.01). Two 
healthcare workers had paired serum samples showing 
seroconversion, and one of them developed respiratory 
illness two days after exposure to the index case. In par-
allel with this, another study also found one of 54 
healthcare workers who had been exposed to the first 
case in May 2007, and none of 419 controls were sero-
positive[9]. Taken together, healthcare workers are at risk 
of contracting H5N1 infection from their patients espe-
cially in the setting of inadequate awareness and subop-
timal personal protective equipments. This poses a justi-
fication to prioritize healthcare workers to receive pre-
pandemic and pandemic influenza vaccine whenever 
available. 

2.3  Origin of a virulent H5N1 strain transmissible to 
humans 

Molecular epidemiological studies have been conducted 
to trace the parents and sources of the Hong Kong 1997 
H5N1 strain. Viruses related to the influenza 
A/goose/Guangdong/1/96 (H5N1) isolated from a sick 
goose during an outbreak in Guangdong province, China 
in 1996 were likely to be the parent donating the hae-
magglutinin gene of the Hong Kong 1997 H5N1 virus[10]. 
However, this 1996 H5N1 could not be the sole parent 
as the other genes especially the neuraminidase gene 
were different from the Hong Kong 1997 virus. The 
A/quail/Hong Kong/G1/97 (H9N2)-related viruses could 
be one of the parents as it contained the internal genes 
PB1 and PB2 which were closely related to those of the 
Hong Kong 1997 virus[11]. Another likely parent was the 
A/teal/Hong Kong/W312/97 (H6N1)-related virus as it 
contained six internal genes as well as the neuramini-
dase gene sharing a high degree of homology with the 
Hong Kong 1997 virus[12]. Overall, this is in line with 
our knowledge on avian influenza where the gene pool 
of co-circulating virus strains in water birds provides a 
continuous source for gene reassortment and genesis of 
novel strains that might have unwelcomed behaviours. 
H5N1, H9N2, and H6N1 influenza viruses circulating 
around 1996 and 1997 in water birds were the parents of 
the highly pathogenic H5N1 strain causing outbreaks in 
humans in Hong Kong[13]. 

Before the detection of the first human case in May, 
large-scale fatal outbreaks had already occurred in 
chicken farms in Hong Kong in March and April 1997. 
Similar outbreaks were also detected around the occur-
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rence of the cluster of 17 human infections in October 
and November 1997. Molecular investigations provided 
strong evidence that the viruses isolated from those 
poultry outbreaks were virtually identical to those iso-
lated from humans, and excluded the possibility of gene 
reassortment between avian and circulating human in-
fluenza viruses[14-16]. These together with the results of 
epidemiological investigations proved that a direct 
transmission of H5N1 virus from poultry to human had 
occurred. This information led the Government to decide 
culling all 1.3 million chickens in Hong Kong on 29 
December 1997, and further propagation of the epidemic 
was successfully terminated (Figure 4)[17,18]. 

2.4  Post-1997 mass culling of poultry in Hong Kong 

After learning from the traumatic experience of H5N1 
outbreaks in poultry and humans in 1997, an intensive 
surveillance system for H5N1 in live poultry was estab-
lished [19] (Figure 5). In May 2001, eight poultry markets 
were found to have large numbers of chickens dying 
from H5N1 infection. To halt any possible transmission 
to humans, a territory wide killing of 440000 chickens in 
retail markets and 800000 chickens in farm was per-
formed. Again in March 2002, outbreaks of H5N1 oc-
curred in some 20 local farms, and approximately 
900000 chickens were destroyed in the infected and 
quarantined farms. Subsequently in December 2002 
through March 2003, H5N1-infected dead waterfowls 
were found in recreational parks, Penfold Park and 
Kowloon Park; and birds in local farms were also in-
fected. Another culling of more than 80000 chickens 
was made. These prompt actions were successful and no 
human infection was detected during these periods[17]. 

2.5  Re-emergence of human H5N1 infection in 2003 

In late January 2003, a family of five visited their home 
town in Fujian Province, mainland China, during the 
Chinese Lunar New Year (Figure 6). The previously 
healthy seven-year old daughter developed fever and 
respiratory illnesses two days after arriving there. The 
child died and was buried there. The exact cause of 
death and the source of a possible respiratory infection 
could not be ascertained. The previously healthy father 
who had taken care the diseased daughter developed 
respiratory illness on February 7. The family returned to 
Hong Kong on February 9, 2003. The father was admit-
ted to a hospital in Hong Kong. On admission, he had 
right lower lobe consideration and lymphopenia. He 
died despite of oseltamivir treatment initiated two days 
after admission. The father had virological evidence of 
H5N1 infection. On February 9, the previously healthy 
eight-year-old son also developed influenza-like illness, 
lymphopenia and elevated liver transaminase. H5N1 was 
also isolated from the son. He ran a mild clinical course 
with a full recovery[20]. The mother also had developed 
respiratory illness after returning to Hong Kong, and 
with parainfluenza rather than H5N1 isolated. The other 
daughter in the family remained asymptomatic. The 
source of H5N1 in this cluster remained a mystery. The 
illness onset of the index case was compatible with an 
exposure either immediately before leaving Hong Kong 
or soon after arriving at Fujian. Circumstantial observa-
tions suggested that live poultry were kept at the place 
where they lived in Fujian, and exposure to sick chick-
ens there at Fujian was implicated but could not be con-
firmed. 

 

 
 

Figure 4  Actions to stop avian influenza A H5N1 in Hong Kong, 1997 
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Figure 5  H5N1 in Hong Kong poultry after 1997 

 

 
 

Figure 6  Cluster of influenza A H5N1 cases in a Hong Kong family in 2003 
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2.6  Clinicopatholgical features 

Patients infected with H5N1 run a variable clinical 
course ranging from mild upper respiratory tract infec-
tion to severe pneumonia and multiple organ failure[21]. 
The determinants for severity are not known. The most 
striking pathological finding was features of reactive 
haemophagocytic syndrome observed from the 1997 and 
2003 case series in Hong Kong, as well as from more 
recent cases reported elsewhere[22,23]. Reactive haemo-
phagocytic syndrome was first described as a distinct 
clinicopathological entity in 1979[24]. It is characterized 
by proliferation of benign haemophagocytic histocytes 
in haemopoietic organs and other organ systems. The 
typical clinical features are peripheral blood cytopenia, 
coagulative abnormalities, impaired liver function and 
results in death in most cases[25]. It is generally accepted 
that reactive heamophagocytic syndrome is a cytokine 
driven condition triggered by various causes, especially 
viral infections[26]. In line with this, hypercytokinaemia 
has been consistently observed in severe cases of human 
H5N1 infections investigated so far[20,22]. For the two 
cases in 1997 for whom serum samples were available 
for retrospective analysis, interferon-γ, tumour necrosis 
factor-α, soluble interleukin-2 receptor and inter-
leukine-6 levels were found elevated[22]. The occurrence 
of two cases in a family in 2003 had also provided a 
chance to compare the cytokine profile between patients 
with mild and severe infections. The serum level of in-
terferon induced protein 10 (IP10) and monokine in-
duced by interferon-γ(MIG) were persistently elevated 
in the severe case, whereas these cytokines were only 
found to be elevated initially but declined five days after 
illness onset in the mildly infected patient[20].  

2.7  Post-1997 measures in local markets and farms 

The epidemic of H5N1 in 1997 underscored the poten-
tial threat of avian influenza circulating in poultry both 
in wet markets and in farms[3]. The Hong Kong Gov-
ernment has put great efforts to control H5N1 and other 
highly pathogenic avian influenza infections in live 
poultry which is regarded as the most important line of 
defense to reduce the spillover of potentially fatal avian 
infections to humans[18,27]. Poultry vaccination against 
H5 was made mandatory, and coupled with intensive 
virus surveillance in local farms. Sentinel flocks are 
placed in local farms to monitor for any circulation of 
highly pathogenic avian influenza viruses. Only farms 

reaching the required biosecurity level are allowed to 
continue business. Importation of live poultry from 
mainland China is strictly controlled. Only registered 
farms are allowed to import, and all imported birds must 
be vaccinated against H5.  

Strengthened hygienic measures are enforced in 
wholesale and retail markets where live poultry are kept. 
Two regular “Rest Days” per month were imposed to 
break any circulation of viruses[28]. Later in 2008, it was 
stepped up to abundant live poultry kept overnight in 
retail markets. Furthermore, what has been determined is 
to adopt the policy of central slaughtering to eliminate 
the selling of live poultry in retail markets. 

3  Conclusion 

The unique ecology of influenza viruses creates a con-
tinuous opportunity for generating novel virus strains, 
and thus a never-ending threat to human health. The fact 
that Hong Kong is situated at the epicentre for the 
emergence of such novel viruses has been well demon-
strated by the previous pandemic “1968 Hong Kong flu”, 
and once again by the first human outbreak of H5N1 in 
1997. Lessons learnt from these situations are important 
stepping stones to allow advancement in controlling 
avian influenza outbreaks[3,4,21,29]. If a territory-wide 
routine surveillance system were not exist in 1997, the 
detection of the first human H5N1 infection would not 
have been made possible or at least not in a timely 
manner,. To maintain such a surveillance is considered 
costly even for cosmopolitan cities like Hong Kong. 
However, if the first case or the initial cluster of newly 
emerged infections is not identified in a timely manner, 
subsequent outbreaks of a much larger size are bound to 
occur. For influenza this is even more important as the 
speed of spread is running against time required for vac-
cine production. The success of controlling further 
transmission from birds to humans by massive terri-
tory-wide culling of chickens provided a field trial proof 
of such policy. Nowadays, there are still barriers to im-
plement such policy in many parts of the world where 
poultry infections with H5N1 are escalating. While wet 
markets housing live chickens were confirmed to be the 
source of human infections in the 1997 outbreak, eradi-
cation of such source is difficult in practice. The Chinese 
culture is in great favour of live chickens for religious 
purposes as well as for the freshness. The demand for 
live chickens escalates during Chinese festivals such as 
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the Chinese Lunar New Year, which also results in an 
increase in the risk of H5N1 outbreaks in poultry. 

The clinicopathological course of human H5N1 in-
fections observed from the 1997 series is very similar to 
the family cluster detected in 2003. In fact both were 
very similar to cases that occurred elsewhere after 2003. 
Although a thorough laboratory investigation is often 
not performed, the overall picture indicates that cytokine 
storm is a key mediator to multi-organ failure. While 
H5N1 is still predominately a respiratory illness, quite a 
few cases had the central nervous system or gastrointes-
tinal manifestations as the initial predominant clinical 

presentations. These odd presentations make the early 
recognition of this severe infection difficult. A further 
hurdle to early detection of cases is the lower concentra-
tion of viruses found in specimens taken from the upper 
respiratory tract. In this regard, the rapid point-of-care 
tests for influenza which are technically feasible for 
most settings cannot be applied because of their inferior 
sensitivity. Currently, the only reliable way to diagnosis 
H5N1 is by molecular tests which are more technically 
demanding, and are not at the vicinity of most places 
facing a high risk of H5N1. The path to a real success in 
controlling influenza is still long and harsh. 
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