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Abstract Avian influenza HS5N1 infection was first identified in Thailand in
January 2004. Since then, there have been three major outbreaks in the cold season
of 2003-2004 and in the rainy and cold seasons of 2004—2005 and 2005-2006.
More than 62 million birds died or were culled. The burden shifted from large
industrial farming in the first outbreak to small farms, backyard chickens, and
free-grazing ducks. Up to November 2005, there were 20 confirmed cases of
human H5N1 infection. Thirteen of these died. Most of the confirmed cases were
solitary ones except for three persons in a single family, and epidemiological
evidence indicated that person-to-person transmission may have been involved
in this cluster. However, sequence analysis of the virus in the cluster did not sug-
gest any changes that might enhance the viral ability to get transmitted among
humans. HSN1 viruses in Thailand and Vietnam belong to a single lineage geneti-
cally and are antigenically distinguishable from the viruses of the same genotype
Z from southern China and Indonesia. Despite the seemingly subsiding epidemic
in Thailand, the problem is far from resolved. HSN1 viruses are still sporadically
isolated from domestic poultry as well as from wildlife. More important, isolates
were also found in asymptomatic animals. Natural selection may have adapted
the virus to a less aggressive form. This would make the virus more elusive and
difficult to control. A threat of a pandemic strain emerging from the H5N1 virus
is still imminent.

A national strategic plan for avian influenza control and influenza pandemic
preparedness has been implemented. The plan aims at effective control of avian
influenza spread in animals as well as in humans for a three-year period and at effi-
cient pandemic preparedness within one year. Nevertheless, more regional and
international collaboration is needed. With proper collective preparedness, there is
a hope that the threatening influenza pandemic can be prevented by confining and
eliminating a potential pandemic strain at its origin.

In December 2003, poultry farms in the eastern, central, and northern regions of
Thailand experienced large-scale die-offs. The outbreak started from the eastern
region of the country. The disease caused rapid death, with a very high attack rate.
At that time, H5N1 outbreaks had been reported in South Korea, Vietnam, and
Japan (OIE, 2005). A few humans with pneumonia were suspected to originate
from contact with sick or dead poultry. Final diagnosis in these patients was not
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done as clinical samples were not available at the time when proper diagnostic testing
became available.

On 23 January 2004, the first case of human H5N1 infection in Thailand was
reported. It was a boy from Kanchanaburi, a province about 100 km west of
Bangkok. He was admitted to Siriraj Hospital in Bangkok and was diagnosed
to have severe progressive pneumonia. The patient was initially treated with
broad spectrum antibiotics, and respiratory samples were tested for influenza
virus. The laboratory result showed that the patient harbored influenza virus,
and sequencing of the viral RNA indicated that the virus belonged to the HS
subtype (Chokephaibulkit et al., 2005; Puthavathana et al., 2005). When this
result was reported to the Ministry of Public Health, the government announced
that there was a highly pathogenic avian influenza (AI) outbreak in Thailand.
The Department of Livestock Development (DLD) confirmed the presence of
H5N1 viruses in poultry on the same day. Subsequent analysis of the virus
from patients and animals confirmed that it was HSN1 Al virus of genotype Z
and was closely related to the virus from Vietnam (Viseshakul et al., 2004;
Puthavathana et al., 2005).

The Course of Outbreaks in Humans and Poultry

Figure 1 shows the time distribution of the outbreak in humans and poultry in
Thailand (DLD, 2005a). The outbreak activity has a clear seasonal variation. The
disease activity starts at the beginning of the rainy season (July), peaks in October
at the transition from the rainy season to winter, and subsides in March when
summer starts. The first round of outbreaks in early 2004 was widely spread.
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Fig. 1 Time distribution of avian influenza outbreaks in poultry (solid bars) and humans (open
bars) in Thailand (DLD, 2005a)
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Subsequent outbreaks in 2004 and 2005 had a more restricted geographical
distribution. Most of the outbreaks were in the central and lower northern regions
of the country, along the major river basin, where poultry density is the highest,
especially free-grazing ducks (Fig. 2). Outbreaks in humans and poultry had
similar time and geographical distributions, indicating poultry as the source of
infection in humans. Repetitive outbreaks in same areas suggested that even
though there was no apparent disease between the outbreaks, the virus remained
resident either in domestic animals or wildlife in that area. The similarity of the
viruses between the outbreaks further proved that latter outbreaks were caused by
the remnant viruses from previous outbreaks and not by a reintroduced virus
(Amonsin et al., 2005).

Up to the end of October 2005, there have been a total of 20 confirmed cases in
humans, of which 13 died. Of the 20 cases, 12 were in the first round of the
outbreak in the winter of 2003-2004, 5 were in the rainy season and winter of 2004,
and 3 were in 2005 (Centers for Disease Control and Prevention, 2004; Beigel et al.,
2005; Chotpitayasunondh et al., 2005). Besides these 20 cases, there were 23
suspected cases with comparable clinical and epidemiological features but lack
laboratory confirmation. Most of the suspected cases were in the early part of the
first outbreak when the laboratory test was not readily available and surveillance
and specimen referral system had not been well established. They also had direct
contact with dying poultry except for one cluster that probably resulted from
person-to-person transmission (Ungchusak et al., 2005).

Fig. 2 Geographical distribution of the (a) first (January 2004 to April 2004), (b) second (July
2004 to March 2005), and (c) third rounds of avian influenza outbreaks (July 2005 to September
2005) in poultry. In (b) and (c), black and gray shades represent provinces with outbreaks involv-
ing more and less than 5,000 birds, respectively (DLD, 2005a)
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Origin and Evolution of the Virus

All H5N1 Al viruses since the first outbreak in 1997 carry H5 and N1 genes that
originated from a common ancestor closely related to a goose virus isolated from
Guangdong in 1996 (A/Goose/Gaungdong/1/96) (Li et al., 2004). Although the virus
responsible for the 1997 outbreak in Hong Kong was completely eliminated by a
total depopulation of poultry on the island, the ancestral virus still circulated in
southern China and gave rise to several genotypes by reassortment with other Al
viruses. Since 1997, many of these genotypes have emerged, disappeared, and been
replaced by other genotypes (Guan et al., 2002, 2004). The genotype Z emerged
in 2002 and became the dominant phenotype that caused the explosive outbreak
in Southeast Asia in 2003—2004. The genotype Z viruses have multiple sublineages
that can categorize Thailand and Vietnam isolates into one cluster and viruses from
Indonesia and China into other clusters (Li et al., 2004). All the viruses in the
outbreaks since 2004 belong to the genotype Z. This suggested that the genotype Z
has the optimal genetic makeup for efficient spread among poultry.

All Thailand isolates contain multiple basic amino acid substitutions at the
protease cleavage site in the HA protein, a 20-codon deletion in the NA gene, and
a 5-codon deletion in the NS gene, which are characteristics of the genotype Z
viruses. Amino acid residues at the receptor-binding site of HA of human viruses
were similar to those of chicken viruses. The presence of amantadine resistance in
the Thailand viruses was indicated by a mutation in the M2 transmembrane protein
and was phenotypically confirmed. The Thailand viruses contained more avian-
specific residues than did the 1997 Hong Kong H5N1 viruses, suggesting that the
virus may have adapted to allow a more efficient spread in avian species (Viseshakul
et al., 2004; Puthavathana et al., 2005).

It was initially hypothesized that the Thailand—Vietnam clade might be more
efficient in causing disease in humans, because there was no human infection in
Indonesia earlier in the outbreak, despite extensive spread of the disease in poultry.
However, the more recent outbreak of human infection in Indonesia indicated that
the Indonesian clade is also pathogenic in man (Kandun et al., 2006). Whether this
is a result of viral adaptation or a property of the original virus is unclear.

Influenza is a rapidly evolving virus. Experiments in ducks demonstrated that only
a single round of nonlethal infection in one host could exert enough selection pressure
to cause an antigenic drift and reduce virulence (Hulse-Post et al., 2005). It is
therefore likely that the endemic virus will gradually become less pathogenic in ducks,
which is a natural host of influenza virus. Observation of the outbreak pattern in the
third round (rainy season 2005) suggested that pathogenicity in other avian species
may not be similar to what had been observed in the first round of outbreaks. In the
latest outbreak, a smaller fraction of sick and dying animals was observed and more
viruses were isolated from apparently healthy animals. Experimental data have shown
that the viruses in 2005 were indeed less pathogenic in ducks (Hulse-Post et al., 2005;
Sturm-Ramirez et al., 2005). Interestingly, the HSN1 viruses of 1997 were also
nonpathogenic in ducks. The virus became pathogenic in ducks in 2002-2003 and
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reverted to a nonpathogenic strain in 2005 (Chen et al., 2004; Sturm-Ramirez et al.,
2005). This probably indicated a temporary loss of the equilibrium between the virus
and its natural host by the adaptation into a new host, that is, domestic poultry. The
reduction of pathogenicity in 2005 suggested that the virus is setting a new equilib-
rium with its natural host.

Effect on Poultry Industry

The impact on the poultry industry during the first outbreak was devastating. Because
Thailand is a major poultry meat exporting country, direct loss in production caused
by the outbreak and culling, the trade ban imposed by importing countries, and
reduced domestic consumption caused severe economic loss in the industry. More
than 62 million birds were either killed by the disease or culled for outbreak control
(Tiensin et al., 2005). The government compensated farmers for their losses. Farmers
were entitled to compensation of 75% of the value of animals that were destroyed.
Different sectors of the poultry industry vary in their practice of biosecurity and out-
break prevention. After the first outbreak, most large-scale industries improved biose-
curity measures. Consequently, little problem remained in the large-scale industry
sector in the second and third outbreaks. The major concern remains in the small-
scale backyard farms of chickens and ducks, where it is very difficult to employ
proper biosecurity. Another area of concern is the farms in the central part of
Thailand, where paddy fields are plentiful. It is a common practice of free-grazing
duck raising in Thailand to move flocks of ducks from field to field by trucks to let
them feed on the dropped grains after the harvest. Flocks can move over a very long
distance in search of a suitable feeding area. Because ducks can be infected and can
shed virus without clinical sign, migrating flocks are ideal for spreading the disease
(Chen et al., 2004; Sturm-Ramirez et al., 2005). The geographical distribution of the
outbreaks coincided with the area with the highest density of free-grazing duck rais-
ing (Gilbert et al., 2006). This further supports the belief that free-grazing ducks may
have been a major source of the spread of disease.

Another activity that the government has been trying to control is cock fighting.
It involves not only the movement of fighting cocks from place to place for
fighting, but also close contact between cocks and people, which can increase the
chance of transmission to humans. The control measures now in place are registra-
tion and the obligatory screening of fighting cocks and temporary prohibition of
cock fighting during the peak of influenza outbreaks (DLD, 2005b).

Impact on Wildlife

Open-bill storks are probably the most affected species in Thailand (Keawcharoen
et al., 2005). They are migratory birds that migrate to central Thailand in winter.
Some of the birds remain in Thailand all year round. Open-bill storks are vulnerable
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to infection, probably because they live in big flocks in the wetlands of central
Thailand. Continuous surveillance confirmed the presence of virus in these birds.
Evidence of H5N1 infection was also found in other birds, such as sparrows and
pigeons, which share natural habitats with humans and domestic poultry. Although
free-living birds are not likely to play a major role in the introduction of new out-
breaks, it is possible that these birds may spread the infection locally between farms
and maintain the viral reservoir locally between outbreaks.

Disease Manifestation in Humans

Of the 20 confirmed cases, 11 were children under the age of 14 years and 13 died,
leading to a mortality of 65% (Chotpitayasunondh et al., 2005). In most of the con-
firmed cases, the source of infection was backyard chickens. Most of the patients
had a fever as the starting symptom followed by coughing, dyspnea, and pneumonia
in a median time of 4 days. About half of the patients (53%) had rhinorrhea, 71%
had sore throat, 53% had myalgia, and 41% had diarrhea (Chotpitayasunondh et al.,
2005). Abnormal chest radiographs in these patients included interstitial infiltration
and patchy lobar infiltrates in a variety of patterns (single lobe, multiple lobes,
unilateral, or bilateral distributions). In patients who developed ARDS (acute
respiratory distress syndrome), the radiographic pattern progressed to a diffuse
bilateral ground-glass appearance (Beigel et al., 2005; Chotpitayasunondh et al.,
2005). An autopsy study showed that the lung, but not upper airway epithelium,
was the site of viral replication, and the cellular target of the virus was the alveolar
epithelial cell (Uiprasertkul et al., 2005). The most remarkable laboratory findings
in these patients were lymphopenia, leucopenia, and thrombocytopenia. More
importantly, the lymphocyte counts were significantly different between fatal cases
and survivors and between patients with and without ARDS (Chotpitayasunondh
et al., 2005). This suggested that a simple blood count can not only help in the
preliminary diagnosis of bird flu, but can also be used as a prognostic marker. Most
of these patients were treated with Oseltamivir, but it is not clear whether the
treatment changed the course of the illness.

Unusual Disease Manifestation

Although most confirmed Al infections in humans caused respiratory infection and
pneumonia, there were some cases with other manifestations. A case presenting
with acute diarrhea and later developing fatal respiratory failure was reported
(Apisarnthanarak et al., 2004). Viral replication could be detected in an autopsy
sample from the intestine of a patient even in the absence of diarrhea (Uiprasertkul
et al., 2005). This suggested that the virus may have a tropism for the intestinal tract
similar to the infection in avian species. Reports from Vietnam also showed other
unusual manifestations of HSN1 infection in humans, such as encephalitis (de Jong
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et al., 2005). This will make the disease surveillance more difficult, and monitoring
of only pneumonia and respiratory failure may not be adequate to cover all cases of
human H5NT1 infection.

Human-to-Human Transmission and the Risk
of Pandemic Disease

Avian and human influenza viruses were thought to be separated by the receptor
preference: avian viruses use 2,3-o-linked sialic acid while human viruses use 2,6-
a-linked sialic acid (Suzuki, 2005). HSN1 Al viruses showed avian-type receptor
specificity (Matrosovich et al., 1999; Gambaryan et al., 2004). Nevertheless, they
can infect humans. Infection by the H5N1 virus in humans is not efficient, and
person-to-person transmission cannot readily occur. The inability of the virus to
transmit from person to person is the only barrier preventing the virus from
becoming a pandemic strain. Experimental data showed that only two substitutions
in the receptor-binding site of the hemagglutinin gene are needed to change the
receptor-binding preference of H5N1 virus from 2,3- to 2,6-a-linked sialic acid
(Harvey et al., 2004). It is not known whether this receptor preference is the only
barrier the virus needs to cross to infect humans efficiently.

Although several clusters of HSN1 infections have been observed in Thailand,
Vietnam, and Indonesia, it is difficult to prove human-to-human transmission, as
most of these patients had exposure to poultry and it is not possible to prove
whether they contracted the disease from animals or humans. The very low sequence
variability among the viruses in the outbreak made it impossible to infer chain of
transmission from sequence data.

It was a unique incidence in Thailand that allowed an inference of probable
person-to-person transmission (Ungchusak et al., 2005). It was a cluster of three
patients: a young girl, her mother, and her aunt. The girl and her aunt lived in
Kamphaengphet where there was an Al outbreak in poultry. The mother lived
in Nonthaburi, a province near Bangkok where there was no Al outbreak and did not
have any contact with poultry. She went to take care of her sick daughter 1 day
before the girl died. The mother had an onset of fever 4 days later, went back to
Nonthaburi, had pneumonia, and died 14 days later. The aunt who also took care of
the sick girl also developed pneumonia 8 days after the girl’s death. Although she
had contact with a dead chicken, the last exposure was 17 days before the onset of
fever, which was too long for an incubation period of influenza. Because the mother
and the aunt had no contact with poultry within a time interval compatible with an
incubation period of influenza and the time of onset after exposure to the index case
was compatible with the incubation period of Al, it was concluded that the two cases
were likely to contract the disease from the index case (Ungchusak et al., 2005).
As soon as this cluster was recognized, effort was made to contain possible further
person-to-person transmission. All household members, other family contacts,
exposed neighbors, and exposed health care workers were placed under active
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surveillance for fever and respiratory symptoms for 14 days. Fortunately, there was
no further transmission or evidence that the virus in this cluster facilitated more
efficient human-to-human transmission. However, if the virus is allowed to transmit
from humans to humans without interruption, it is likely that it will eventually
evolve to become more transmissible in humans. It is therefore crucial that every
effort has to be made to prevent human-to-human transmission.

Disease in Mammals

Al virus H5N1 infection was observed in several mammalian species, including
cat, tiger, leopard, and dog (Keawcharoen et al., 2004; Thanawongnuwech et al.,
2005; Songsermn et al., 2006; Butler, 2006). The exposure that led to the infection
was mostly from feeding on the carcasses of infected poultry. The infection caused
severe disease, with high mortality in these animals. Experimental infections were
also reported in cats, mice, ferrets, monkey, and pigs (Rimmelzwaan et al., 2001,
2003; Kuiken et al., 2003, 2004; Govorkova et al., 2005; Maines et al., 2005).
Most of these animals presented severely fatal disease manifestations except for
pigs, in which the infection caused only mild disease (Choi et al., 2005).
Nevertheless, the virulence of HSN1 virus in mammals is probably heterogeneous
among strains and is continuously evolving. Experimental data suggested that the
virus is evolving to become more pathogenic in mammals and that the genetic
determinants of virulence lie in the polymerase genes, resulting in a high-replication
phenotype (Govorkova et al., 2005; Li et al., 2005). This further emphasized the
danger of this virus and suggested that it may also become more pathogenic and
transmissible in humans.

Control Measure

Active surveillance of suspected cases is continuously employed by the public
health authority in Thailand. Cases of pneumonia in those who have history of
exposure to poultry are reported to the Department of Disease Control and
investigated for the presence of HSN1 virus by viral culture and RT-PCR. Clusters
of pneumonia and pneumonia in hospital personnel are also the targets of
surveillance and disease control in order to detect human-to-human transmission of
severe influenza of pandemic potential. Emphasis has been made to detect any
potential pandemic strain as early as possible. Recent studies using computer
simulation predicted that early detection and proper outbreak control by social
distancing measures and antiviral drugs may be effective in containing the outbreak
and eliminating the potential pandemic virus provided the virus does not have a
greater ability to get transmitted than does the previous pandemic strains, that is, it
has a basic reproductive number below 1.6—1.8 (Ferguson et al., 2005; Longini
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et al., 2005). The amount of the antiviral drug Oseltamivir that should be enough
for the elimination of a potential pandemic virus has been predicted differently
between the two studies: 100,000 to 1 million and 3 million courses (Ferguson et al.,
2005; Longini et al., 2005). Having that in mind, the Ministry of Public Health has
started to stockpile Oseltamivir, and as of October 2005, the amount stockpiled is
72,500 courses (725,000 tablets).

Outbreaks in poultry are monitored and controlled by the DLD. Specifically, if
the poultry death rate in any facility was greater than 10% within a single day, all
birds, their products, and other potentially contaminated materials have to be
destroyed without delay. Cloacal swabs of affected flocks would then be collected
for laboratory confirmation. Subsequently, neighboring flocks would be destroyed
immediately or quarantined and destroyed when HS5N1 laboratory diagnosis was
confirmed. Movement of poultry and their products would be restricted to a
1-5-km radius.

In the first round of outbreaks, neighboring flocks within a 5-km radius were
preemptively culled as quickly as possible. After July 2004, preemptive culling was
implemented only within a village, within an area of 1km around an outbreak, or
on suspected farms. DLD has launched a nationwide surveillance program (known
as “x-ray survey”) in January 2004, October 2004, and July 2005. The program was
conducted in close collaboration with the Ministry of Agriculture and Cooperatives,
Ministry of Public Health, provincial governors, volunteer public health workers,
and DLD livestock workers (DLD, 2005b). The program is planned to be launched
biannually, in the winter before Chinese New Year and in the rainy season. These
two periods are considered the riskiest times of the year because there is an
unusually high volume of movement of poultry for the Chinese New Year festivities,
which can promote the spreading of the virus. Furthermore, the high humidity and
low temperature in the rainy season may be optimal for the viral spread.

Other specific measures include the control of free-grazing ducks and fighting
cocks. There have been serious debates over the continuation of raising free-grazing
ducks. The practice is favored by environmentalists because it makes efficient use
of the paddy field after harvesting and provides biological pest control, as they prey
on the golden apple snail, a major pest for rice cultivation. Although the debates are
not yet totally resolved, long distance moving of flocks by trucks is temporarily
prohibited, especially moving from or into the central region of the country where
the disease is not yet fully eliminated. The flocks are registered and allowed to
migrate only in a limited zone. The limitation of grazing area by zoning was
designed so that there will be no extensive movement, so as to limit the area of
potential contamination. The zoning strategy is also implemented to other poultry,
dividing the country into five zones: central, north, northeast, east, and south, in
order to limit movement of poultry from the central plan to the other regions that
are disease-free, especially the eastern region where most exporting poultry industry
farms are located.

In contrast to other countries in the region, Thailand does not use the Al
vaccine in poultry. Although the illegal vaccine may have been used to some
extent, the official policy is still against the vaccine (FAO Newsroom, 2006).
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Although the decision was probably influenced mainly by the international trade
barrier, the major scientific concern against vaccination in poultry is the risk of
having undetectable asymptomatic infection that may shed the virus and spread
the infection (Swayne et al., 2001; Liu et al., 2003). With the changing phenotype
of the virus towards lower virulence in ducks, the vaccination policy may need to
be reconsidered, because without vaccination the ducks will be asymptomatically
infected as well and vaccination is effective in reducing the level of viral shedding
(Tian et al., 2005). A previous report showing the ability of vaccination to abort
an outbreak in a chicken farm strongly supports the use of the vaccine in adjunction
to biosecurity measures (Ellis et al., 2004).

Sufficient facility for viral testing is crucial for the success of outbreak control
and surveillance. Both the National Institute of Health and the National Institute of
Animal Health have strengthened their diagnostic capability and extended the service
to their regional laboratories.

National Influenza Plan

Two national plans, National Strategic Plan for Avian Influenza Control and
National Strategic Plan for Influenza Pandemic Preparedness for a 3-year period
(2005-2007), have been set and endorsed by the cabinet since January 2005
(Wibulpolprasert et al., 2005).

The National Strategic Plan for Avian Influenza Control has targets within the
3-year period as follows:

1. No outbreak of Al in economic poultry in 2 years.

2. Reduce outbreak in domestic poultry, fighting cocks, exotic birds, and migratory
birds to a level that is not considered a problem in 3 years.

3. No outbreak in other animals in 3 years.

4. No disease contract from animals to humans in 2 years.

5. Thailand is efficiently prepared to handle an influenza pandemic in 1 year.

The National Strategic Plan for Influenza Pandemic Preparedness has targets within
the 3-year period as follows:

1. To strengthen an effective influenza surveillance system, including clinical
surveillance in the communities, work places, educational institutions, and every
public health facilities, as well as establishing 12 centers for laboratory surveil-
lance of the viruses throughout the country within 3 years.

2. To enable Thailand to be ready for efficient management of the emergency situ-
ations during the influenza pandemic within 2 years.

3. To stockpile antiviral drugs (Oseltamivir) so as to treat 325,000 patients
(3,250,000 tablets) and to stockpile the raw materials for manufacturing antiviral
drugs (Oseltamivir) so as to treat 1,625,000 patients within 5 years.

4. To develop the capacity to manufacture or stockpile influenza vaccines within
5 years.
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5. In case of an influenza pandemic, hospitals throughout the country have the
capacity of up to 100,000 beds for taking care of influenza patients in critical
conditions. In case of outbreaks in specific areas, field hospitals with a capacity
of 5,000 beds will be ready for services.

The threat of influenza pandemic is eminent. While any Al virus has a potential to
evolve and eventually become a pandemic strain, the present danger is the H5N1
virus, which has already crossed the interspecies barrier from avian to human.
Without proper intervening measures, it is just a matter of time before the virus
adapts to transmit efficiently from person to person and become the next pandemic
virus. Effective control of the outbreak in animals, prevention of exposure in
humans, and early detection of a potential pandemic strain are essential to the
success of preventing the pandemic. Preparedness in case of a pandemic is also
crucial to minimize the loss of human life. Strong international collective effort is
essential for the success.
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