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ABSTRACT

Avian influenza (AI) is considered an exotic disease in the Brazilian 
poultry industry, according to the National Avian Health Program 
(PNSA), with permanent monitoring of domestic, exotic and native avian 
species. Brazil presents privileged environmental conditions of reduced 
risk. In addition, all commercial poultry and conservation holdings are 
registered in state or national inventories and geographically located 
(GPS) for health control. Poultry health standards are adopted for the 
conformity to the international market, mostly for the intensified poultry 
destined for exportation, but also for companion exotic and native 
conservation facilities. Guidelines for monitoring and the diagnosis of 
AI are published by the PNSA and follow the standards proposed by 
the international health code (World Organization for Animal Health, 
Organization International des Epizooties - OIE) and insure the free of 
status for avian influenza virus (AIV) of LPAIV-low pathogenicity AIV and 
HPAIV-high pathogenicity AIV. In addition, the infections by mesogenic 
and velogenic Newcastle disease virus, Mycoplasma gallisepticum, M. 
synoviae and M. meleagridis, Salmonella enteric subspecies enterica 
serovar Gallinarum biovars Gallinarum and Pullorum are eradicated from 
reproduction. Controlled infections by S.enterica subspecies enterica 
serovars Enteritidis and Typhimurium are monitored for breeders. The 
vaccination of chickens in ovo or at hatch against Marek’s disease is 
mandatory. Broiler production is an indoor activity, confinement which 
insures biosecurity, with safe distances from the potential AIV reservoir 
avian species. Worldwide HPAIV H5N1 notifications to the OIE, in March 
2011, included 51 countries.

INTRODUCTION

Avian influenza (AI) is caused by influenza A virus of avian origin, 
which may cause disease in domestic and wild avian and mammalian 
species, including humans. The outbreaks caused by the high 
pathogenicity avian influenza virus (HPAIV) strains of subtype H5N1 of 
Asian origin have caused animal and human disease and mortality in 
several countries of Southeast Asia, such as Bangladesh, Cambodia, 
China, India, Indonesia, Laos, Myanmar, Thailand and Viet Nam. In some 
countries, HPAIV H5N1 has become endemic in domestic poultry, and 
caused the death or slaughter of 250 million birds, including potential 
reservoir species (OIE, 2010).

Since June 15, 2005, International Health Regulations were 
established to prevent, protect, control and respond to international 
risks to human health, enabling early alert and rapid network 
action. The Global Outbreak Alert and Response Network maintains 
epidemiological and operational data on disease events to allow correct 
and fast international communication, pillars of global health security 
(WHO, 2010).
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Human HPAIV risk factors for 15 hospitalized patients 
were associated to the 1997 H5N1, after the death of 
a child in Hong Kong. Age, sex, neighborhood were 
evaluated, and the exposure to live chickens in markets 
was considered significant, while the consumption 
or preparation of food and human contact were not 
associated to disease, including respiratory diseases 
and influenza (Mounts et al., 1999). Chickens were 
considered the main source of H5N1 HPAIV in humans 

It was speculated that a mild pandemic lasting 12 
months would result in a local gross internal product 
loss of 3% and 0.5% worldwide, estimated between 
US$ 150 and 200 billion. Contingency-prepared 
countries would respond rapidly and implement 
actions minimizing the economic and social impacts 
(WHO, 2009a). Estimates of losses were published for 
selected countries (Table 1).

Table 1 - Economic impact of influenza H5N1 outbreaks in selected Asian and African countries.
Country Cost Author

Bangladesh Farm disinfection from US$ 22.00 to US$110.00 Alam et al., 2008

Egypt US$ 30 million in compensation Ibrahim et al., 2007

Hong Kong Loss of 3.8 million birds and US$ 29.2 million in compensation during the outbreaks of 
1997, 2001 and 2005.

APHCA, 2005

Malaysia US$ 50,000 per month for transit control (2005). APHCA, 2005

Thailand First wave US$ 12.5 million; second wave US$ 26 million; repopulation of 61 million birds 
US$ 29.2 millions

DLD, 2004

Viet Nam US$ 0.25/bird (200 bird flocks); US$ 1.00 (1,000 bird flocks); 
US$ 18.5 million for repopulation of 41 million birds.

Hinricks et al., 2006
Riviere-Cinnamond, 2005

in Hong Kong, with reports of playing, slaughter, 
manipulation, defeathering of chickens and geese and 
preparation of meat from sick birds for consumption, 
with clusters of limited inter-human transmission were 
also reported (Ungchusak et al., 2005). Although H5N1 
strains are widely disseminated in Asia, human cases 
are comparatively rare, and occur mainly in young 
healthy individuals. After 2005, however, the number 
of cases has increased, with the dissemination of H5N1 
clade 2.2 strains to Eurasia and Africa, with rare cases 
of subclinical or mild infections. Human cases occur in 
eighteen year-old patients in average, and 90% of the 
patients are less than 40 years of age, with an average 
mortality rate of 61%, which is higher in young people 
between  10-19 years of age and lower in people older 
than 50 . After the exposure to HPAIV H5N1 strains, the 
incubation period for the appearance of clinical signs 
may be around 7 days or less, and in most patients 
is 2-5 days, although in one cluster it took 8-9 days 
(Writing Committee, 2008).

Economic impact

Most countries affected with HPAIV H5N1 presented 
poultry losses of  around 1% of GDP, reaching 0.6 in 
Viet Nam and Thailand and up, gradually expanding its 
avian host range. In June 2007, it affected 62 countries, 
with more than 250 million birds dead or slaughtered 
and an estimated impact of more than US$ 12 billion. 

An information system established by research, 
educational, and industrial institutions was previously 
recommended to reduce the impacts of the disease 
(Wei-Hua, 1998). Between 1983 and 2005, 356.64 
million chickens were lost during the fight against 
different AIV subtype epizooties (Steensels et al., 
2005). Since the Hong Kong H5N1 strain outbreaks of 
avian influenza in 1997, warnings of global pandemic 
were issued. H5N1 and derived strains have cost more 
than US$10 billion in research, human life and losses 
to the poultry industry, with more than 200 million 
birds killed. In China, costs to farmers reached about 
US$1 billion in 2004 and company sales declined up to 
US$2.5 billion. The direct costs to Cambodia, Thailand 
and Vietnam reached US$560 million in 2005 (Special 
Report, 2007).

Countries involved in global trade adopt the 
international animal health code and implement 
national regulations. A chronology of events from the 
primary outbreak to the return to production may be 
planned in order to organize the efforts for disease 
control. Losses in an affected region may result in 
benefits for an  unaffected region. Regionalization 
and permanent partnership among public and 
private institutions may produce more adequate 
epidemiological studies, outbreak simulations, setting 
up the required services infrastructure, statistic and 
economic analyses, and an information system and 
network (Beach et al., 2007; Lichtenberg, 2002).
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The risk of detecting HPAIV infection was evaluated 
in Thailand, according to species and type, in 2004, 
when incidence was the highest. Quails (1.3%) were 
found to be at the highest risk, followed by layers 
(0.25%) and broilers (0.25%), ducks and geese 
(0.075%) and free-range chickens (0.05%), with the 
lowest risk for the smaller backyard flocks (Otte et al., 
2008a).

Thailand suffered the greatest impact of the disease 
in Jan-April 2004, with 75% reduction in exports, 
followed by China, with 63% reduction, Hong Kong 
(55%) and 27% in the USA, whereas Brazil was the 
only country that increased (6%) exports (Taha, 2007).

Brazil was benefited by restrictions imposed on 
Asian poultry-exporting countries, particularly Thailand 
and Turkey, between 2003 and 2005. It doubled its 
non-processed meat sales, from US$1.5 to 2.9 billion, 
and processed meat increased from US$ 220 to 398 
million for (Nicita, 2007). In 2006, most countries faced 
a retraction in consumer market of meat and eggs of 
around 30% in countries affected with the disease 
and 15% in unaffected countries, such as Argentina 
and Brazil (OIE, 2007). In 2006, poultry meat exports 
from China were reduced in 13%, in 7% from Brazil 
and in 2% from the European Union (EU-25). That 
year, global market export shares reached 39% for the 
United States, 37% for Brazil, EU-25 12% and China 
1.9%. However, cooked meat exports share was 17% 
for Brazil, which increased from the 13% obtained in 
2005 (Taha, 2007).

Influenza H1N1

Several episodes of transmission between humans 
and swine have been reported, including the first 

report of interspecific transmission based on serology 
in 1938, and that from an U.S. Army soldier, who 
transmitted the virus to pigs and 500 people in 1976 
(Kendal et al., 1977). In December, 2005, in Wisconsin, 
USA, a 17-year-old man, vaccinated against endemic 
influenza, was diagnosed infected with a triple-
reassortant H1N1 strain, presenting headache, nasal 
discharge, back pain and cough, but no fever. He had 
helped to eviscerate slaughtered healthy swine three 
days previously to clinical signs (Newman et al., 2008).

The 2009 H1N1 human pandemics reached more 
than 200 countries, with cases confirmed by laboratory 
diagnosis, and more than 15,000 deaths were 
recorded (CDC, 2010c) (Table 2a), with worldwide 
effects. It became the predominant strain of influenza 
(Assessment…, 2009). The infection was mostly 
restricted to the upper respiratory system and did not 
cause complications, although 40% of infected people 
suffered gastric and intestinal infection, with nausea 
and vomits (Myers et al., 2007; Dawood et al., 2009, 
Riquelme et al., 2009, Shinde et al., 2009). The 2009 
H1N1 human pandemics was the largest in history by a 
reassortant swine virus (Garten et al., 2009, Shinde et 
al., 2009). The lower virulence of the 2009 H1N1 virus 
strain may be partially attributed to the absence of the 
expression of the PB1-F2 protein, a major determinant 
of virus virulence known to cause cell death and found 
in viruses responsible for the major influenza pandemics 
of 1918-19 (H1N1), 1957 (H2N2), and 1968 (H3N2) 
(Report..., 2009). The 2009 H1N1 case fatality rate was 
0.6% (0.1%-5.1%) and deaths amounted to 18,156 
(Table 2b), which, compared with the estimates, were 
much lower, indicating fatality overestimations and 
possibly effective mass vaccination and better health 
strategies and care (Wilson, 2010).

Table 2 - Characteristics of the three human influenza pandemics of the 20th century.

Pandemics Area of 
emergence

Subtype Estimated 
reproductive 

No.

Estimated CFR1 Estimated 
mortality 
(actual)

Most affected 
age group 

GDP2 loss %

1918-1919 
Spanish Flu

Unclear H1N1 1.5-1.8 2-3% 20-50 million Young adult -16.9 to 2.4

1957-1958 
Asian Flu

South China H2N2 1.5 <0.2% 1-4 million Children -3.5 to 0.4

1968-1969 
Hong Kong Flu

South China H3N2 1.3-1.6 <0.2% 1-4 million All ages -0.4 to 0.15

2009 Influenza 
A H1N13

North America H1N1 1.1–1.5 0.1%-5.1%4 150,000
(15,000)5

(18,156)6

Teenagers and 
young adults

Difficult3

1Case fatality Rate; 2Gross Domestic Product; 3Assessment…, 2009; Pandemic..., 2009; 4Vaillant et al., 2009; Fraser et al., 2009; 5Assessment…, 2009; 
6Wilson, 2010. 
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Table 2b - Examples of some quoted death estimates 
from the next influenza pandemics, seasonal influenza 
death estimates and reported deaths from H1N1.

Pre-H1N1 predictions 
of future pandemic 
mortality

Reported 
H1N1deaths

Estimates for seasonal 
influenza

Canada
17,768–41,459 428 2,000–8,000/year

Global
2–7 million, best case- 
scenario

18,156 250,000–500,000/year

62 million, based on 1918 
pandemic

180–360 million, based on 
1918 pandemic

Wilson (2010).

Previous North American clusters were small (Lessler 
et al., 1976). However, the “American strain” of H1N1 
(Qi et al., 2008) was characterized as the combination 
of four different origins, namely, avian North-American, 
human Mexican, human endemic and swine Asian/
European (Gabriel et al., 2008). Triple reassortant H1N1 
strains, combining genes of AIV from birds, humans and 
swine, have previously emerged in the USA, specifically 
in 1998 (OIE, 2007). Epidemiological studies suggest 
that subtype H1N1 isolates with triple reassortment are 
the prevailing strains in North American swine (Olsen 
et al., 2006), and humans in direct contact with pigs 
are at risk (Wentworth et al., 1997; Olsen et al., 2002), 
although contact history was not always reported (Myers 
et al., 2007). In addition, a study on the nosocomial 
infection by H1N1 of 1,520 patients hospitalized in the 
United Kingdom with pandemic (H1N1) 2009 influenza, 
found that, out of 30 patients, 12/15 (80%) adults and 
14/15 (93%) children had important underlying illnesses 
(Enstone et al., 2011).

In Brazil, the 2010 (up to August 2010) American 
H1N1/2009 strain mass vaccination campaign reached 
about 89.5 million people (Brasil, Ministério da Saúde, 
2011). During the 2009 H1N1 vaccination campaign, 
priority groups were vaccinated using a triple subtype 
vaccine, reaching more than 21 million people in 2010 
and approximately seven million in 2011. The trivalent 
vaccine contained the H1N1 2009 strain and the 
campaign achieved about 80% coverage (Secretaria 
do Estado da Saúde, 2011). 

Aiv evolution

The “transition to error catastrophe”, in which 
there is a breach of the threshold error, results in an 
irreversible transition to extinction (Domingo et al., 

2000). High mutation rates due to transcriptional errors 
are known to occur in RNA viruses (Palese & Shaw, 
2007). RNA virus species are considered a complex 
distribution of mutants, in accordance to the concept 
of quasi-species and in contrast to homogeneous 
genomes (Eigen et al., 1988, Domingo, 2007). RNA 
virus polymerases, including the retroviruses, do not 
display transcription error verification system (Wright 
et al., 2007). In contrast, larger genome viruses, 
consisting mainly of DNA, present an evolutionary 
transcriptional error verification system. The calculated 
mutational rate for RNA viruses may vary from 10-3 to 
10-5 substitutions per copied nucleotide, representing, 
for a 3 to 32 kb RNA virus, an expected average 
mutation of 0.1 to 1 (Domingo, 2007). Considering 
these values, the AIV genome consisting of 13,600 
nucleotides, may present, approximately, a minimum 
of 0.1 and maximum of 10 mutations per virion.

Recombination is a phenomenon of genetic exchange 
of portions of (markers) or whole segments between 
different segments of the genome. The recombination 
of entire segments, called re-assortment, occurs when 
a cell is co-infected by two different virus strains, 
resulting in hybrid-progeny viruses. Rearrangement 
is a common type of recombination in viruses with 
segmented genomes, such as influenza and other 
viruses. In RNA viruses with segmented genomes, 
recombination between markers in the same segment 
is extremely rare, but the rearrangement of segments is 
extremely effective as an evolutionary strategy of strains. 
The non-segmented RNA viruses of the Picornaviridae, 
Coronaviridae, Retroviridae, and Togaviridae families 
present recombination during replication by exchanging 
copies of different parental origins (Condit, 2007). For 
the influenza virus, the rearrangement of segments in 
cells co-infected by two different strains could result 
in 256 possible recombinants, with two parents and 
254 products. This mechanism has generated several 
strains involved in pandemics, such as in 1957, 1968 
and 2008 in humans, and the H5N1 avian pandemic 
influenza started in 1997. In humans, recombinant 
H1N2 strains were isolated in Europe in 1987-1988 
concomitantly with circulating H1N1 and H3N2 strains 
(Condit, 2007). 

Human cases of H5N1 infection are rare, and usually 
occur where the virus is endemic in poultry, when 
humans are exposed to infected birds or contaminated 
environments (Subbarao et al., 1998). Hence, sporadic 
human infection will occur if AIV circulates in poultry. 
By 12 March 2012, 596 human cases of infection with 
avian influenza A H5N1 had been confirmed in 15 
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countries, as reported to WHO since 2003, out of which 
350 died, with a fatality rate of 58.7% (WHO, 2012), 
with very limited human to human transmission, and 
stable or reduced human cases were reported since 
2010 (FAO-OIE-WHO Technical Update, 2011).

Global dissemination

HPAIV H5N1 cumulative cases from 2003 to March 
2012, as reported to OIE, were 2,655 in Viet Nam, 
1,141 in Thailand, 1,084 in Egypt, 525 in Bangladesh, 
273 in Romania,261 in Indonesia, 219 in Turkey, 149 
in Russia, 114 in Myanmar, 112 in Korea, and 99 in 
China, including a total of 51 countries (OIE, 2012).
Circulating H5N1 clades (1, 2.1.3, 2.2, 2.2.1, 2.3.2, 
2.3.4 and 7) were examined for average within-group 
pairwise nucleotide distances, and found divergence 
greater than 1.5% within-group, indicating the 
need to split these groups into new order clades. 
Monophyletic groups of clade-specific trees resulted 
in the establishment of 12 new second-, third-, and 
fourth-order clades. However, thirteen clades (0, 2.1.1, 
2.1.2, 2.3.1, 2.3.3, 2.4, 2.6, 3, 4, 5, 6, 8, and 9) have 
not been detected since at least 2008.(Updated..., 
2011). Avian outbreaks have been documented since 
the late 1950s, including A/chicken/Scotland/59, A/
tern/South Africa/61 and A/turkey/England/63 and the 
various H5N1 viruses, widespread since 2003 (Swayne 
& Halvorson, 2008). 

Global data on poultry imports, exotic bird trade 
and bird migrations were combined in an integrative 
analysis with phylogenetic data, identifying the possible 
pathway of 36 out of the 52 viral introductions. Spread 
through Asia and to Africa involved both migratory 
birds and poultry trade, and to Europe, mostly migratory 
birds (20 out of 23 countries). The North American 
risk was considered an association of the introduction 
of infected poultry, indicating the existence of illegal 
trade, with the North-South American bird travel 
dissemination (Kilpatrick et al., 2006). 

In 2005, a new event occurred in the region of 
the Qinghai Lake nature reserve in the community 
of Gangcha, Qinghai Province, China, with mortality 
of natural reservoir species, especially the barred-
head goose, the brown and black head gull, ruddy-
shell ducks and great cormorant (Brydon et al., 
2005, Kilbourne et al., 2004). The isolate sequences 
of the HA, NA and NP genes were similar to those 
of the A/chicken/Shantou/4231/2003 (H5N1) gene, 
whereas other genes were similar to the A/chicken/
Shantou/810/2005 (H5N1) strain found in Hong Kong 

in a peregrine falcon in 2004 and present in domestic 
chickens in 2005 (Kilbourne et al., 2004). In the middle 
of-2005, H5N1 strains derived from the isolates from 
Qinghai Lake Reservation, were found in Kazakhstan, 
Mongolia and Russia, and in 2006, these strains were 
spread across Southwestern and Central Europe, Africa 
and the Middle East (Palese & Shaw, 2007).

An early warning system for HPAIV was established 
for surveillance in Alaska by the United States Geological 
Society. Sampling priority involves geographical areas 
used as corridors by migratory birds. The two main 
migratory routes monitored are East Asia-Australasia 
and East Asia-Southeast Asia-Arctic Siberia-Eastern 
Russia and Alaska. In the East Asia-Australasia route (20 
countries), beach/shore birds of Russia, Siberian Arctic, 
Alaska and Southeast Asia, including North American 
islands of the Pacific, Australia and New Zealand are 
monitored for morbidity and mortality. Live wild birds, 
birds killed by hunters, poultry sentinels or sentinel 
ducks placed in aquatic and terrestrial habitats are 
also under surveillance (USGS, 2006).The frequency 
of exchange between AIV clades or superfamilies of 
Eurasia and America isolates of subtypes H1 to H13 
and N1 to N9 were detected, but not of H14 and H15, 
in mallards of Alberta (Canada) and other birds, and 
seagulls in New Jersey (USA) between 2001 and 2006. 
HPAIV H5N1 strains were not detected in Eurasia and 
serological studies provided no confirmation of their 
movement into America. In North America, subtype 
H16 and an unusual cluster of H7N3, lethal to embryos, 
were found in beach birds and seagulls, but not in 
wild ducks. The results of 6,767 genetic analyses and 
248 complete sequences suggested the lack of HPAIV 
H5N1 strains perpetuation in migratory birds and that 
its introduction from birds of Eurasia into America 
seems to be a rare event (Krauss et al., 2007).

However, the relationship between epidemiological 
dynamics and genetic diversity patterns is not known 
at a continental scale (Chen & Holmes, 2009). The 
interface between migration routes in the northern 
hemisphere has allowed the exchange of infections, 
such as the transmission of AIV H2 into sea birds, 
from Asia to North America. Eurasian HA lineages 
were detected in North American AIV isolates, and 
considering that the 1957 pandemic was of the H2 
sub-type, these data reinforce the need for continued 
surveillance (Marakova et al., 1999).

The inter-species transmission of AIV, regarding the 
H5N1 outbreaks in Hong Kong, was partially aborted 
in the region due to the application of euthanasia as 
the eradication strategy for markets of live birds and 
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other poultry, and called attention to poultry as a 
source of virus for humans (Shortridge et al., 1998). 
Considering the high susceptibility of felines to this 
virus, a guide for the prevention and management 
of HPAIV H5N1 infection in cats was published (Thiry 
et al., 2009). Immediate recombination between 
HPAIV H5N1 of avian origin and H3N2 of human 
origin was demonstrated in ferrets (Mustela putorius), 
with co-infection. Five recombinant isolates showed 
evidence of lower nasal replication than the parental 
H5N1 strain, and were not transmitted by direct 
contact between recombinant ferrets. However, the 
authors considered the risk of shared infections due to 
human and ferret cohabitation (Jackson et al., 2009).

Studies suggest that birds of prey are susceptible 
to fatal infection by HPAIV strains. Antigenic studies, 
molecular phylogenetics and pathogenicity of H5N1 
strains isolated from HPAIV hawks killed in Saudi 
Arabia (2005) and Kuwait (2007) were conducted. All 
isolates were grouped as of the Qinghai clade 2.2, but 
have spread to the West in different ways. The reasons 
for their rapid spread from Qinghai since the 2005 
outbreaks are not completely understood, but the 
strains seem to have been transmitted to the hawks by 
migratory birds or by the illegal imports of quail to feed 
the hawks (Marjuki et al., 2009).

Biosecurity is the first line of defense for commercial 
poultry from diseases transmitted by other domestic 
and wild animals, fomites, tools, and contaminated 
shoes and clothing. Koch & Elbers (2006) proposed 
biosecurity strategies for small, family-owned poultry 
farms. A South Korean outbreak of HPAIV H5N1, 
despite the intensive surveillance efforts, resulted in 
serious losses for local poultry production. Six strains 
were characterized; all belonged to the same subtype, 
and were grouped into clade 2.3 (from China and 
South East Asia), according to HA. However, internal 
structures and neuraminidase codes of recent human 
outbreaks have shown strains to be related to clade 
2.3.4 of avian origin in southern Asia (Kim et al., 
2009). A report of an HPAIV of Asian origin in Europe 
was published by the French Food Health Safety 
Agency (Rapport..., 2008), presenting the number of 
notifications during 2006, with the highest number 
from Germany (331), followed by Austria (117), France 
(65), Poland (64), Denmark (43), Greece (32), Slovenia 
(28), Sweden (21), Italy, Hungary (16), Czech Republic 
(14), Slovakia (2), Spain (1) and United Kingdom (1).

Free-living birds may transmit AIV when their 
environment is shared by several mechanical and 
biological means (Swayne & Halvorson, 2008). The 

minimal molecular conditions for efficient AIV H9N2 
transmission were studied and it was demonstrated that 
inter-specific transmission is required for the generation 
of HA gene point mutations and reassortment. Human 
H3N2 and avian H9N2 reassortants were studied in 
ferrets (Mustela putorius) as experimental mammalian 
model. H3N2 reassortants with H9N2 surface proteins 
were efficiently transmitted and generated a disease 
similar to that caused by parental H3N2. Minimal 
changes in subtype H9N2 strains may be needed for 
human transmission, enabling the possible emergence 
of further subtypes beyond the classical H1, H2 and H3 
subtypes (Sorrell et al., 2009).

In the aquatic environment, AIV fecal-oral (indirect) 
transmission occurs when water is contaminated. The 
infection capacity of AIV strains of twelve different 
origins was studied in water with natural variation of 
pH, salinity and temperature. Strains varied according 
to origin, but were in general stable in moderately 
alkaline water (pH 7.4-8.2), at lower temperatures (<17 
°C) with low salinity or fresh water (Na 0-20,000 ppm). 
In contrast, lower pH (<6.6), higher temperature (>32 
°C) and higher salinity (>25,000 ppm) were deleterious 
to their infection capacity (Brown et al., 2008). 
Absolute air humidity (AH) modulates AIV survival and 
transmission, as well as the seasonal occurrence of AIV 
infection in temperate regions of the globe. AH has 
important effects on AH transmission and livability, 
and it is more relevant than relative humidity (Shaman 
& Kohn, 2009).

AIV frequent interspecific transmission and 
geographical distribution in wild birds in North America 
were studied to determine dynamic epidemiological 
and genetic diversity patterns. Complete AIV sequences 
were phylogenetically analyzed, taking into account 
host species, geographical location, and sampling date 
(Chen & Holmes, 2009). The demonstration of Eurasian 
H2 in North America reinforces the need of continuous 
epidemiological monitoring of environments shared by 
migratory routes (Marakova et al., 1999). However, in 
Italy, no avian to human transmission was detected 
in avian H5N2 outbreaks (Donatelli et al., 2001). 
Although the interspecific transmission of Hong Kong 
H5N1 strains of 1997 was partially aborted, preventing 
the immediate pandemics scale despite the human 
casualties (Shortridge et al., 1998), the continued 
circulation of H5N1 strains in continental China and 
their reemergence by 2002 was not avoided.

From March to December 1999, 199 LPAIV H7N1 
outbreaks occurred in Italy (Veneto and Lombardy, 
northern Italy). However, by December 1999, a HPAIV 
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strain caused 100% mortality in turkeys within 72h, 
and was spread to chickens, Guinea fowl, quails, 
pheasants, ducks and ostriches, with 413 outbreaks 
and more than 13 million birds affected. Virus isolation 
and serology of 759 human sera were negative for 
theH7 subtype. Evidences suggest the possibility of an 
undetectable mutation, recommending the eradication 
of LPAIV H7 and H5 strains (Capua et al., 2002).

Brazilian scenario

The latest edition of the National Poultry Health 
Program (PNSA) manual for the contingency of avian 
influenza and Newcastle disease was published in 
2009 (Brasil, 2009) and determines the strategies for 
preparedness. No occurrence of HPAIV is reported 
in domestic or wild birds in Brazil. However, a few 
studies were published regarding LPAIV in Brazilian 
native fauna and exotic resident avian species. An 
AIV combat simulation was performed in airports. 
For active surveillance, a hired actor, interpreting a 
passenger arriving from China and simulating an acute 
respiratory disease, travelling from Brasília to Salvador, 
with stops, tested airport services in Salvador (Anvisa, 
2007).

More recently in Brazil, 1,323 normal birds were 
sampled, being 981 (74.2%) of order Anseriformes, 
out of which 884 were of the species Cairina moschata 
(domestic duck), 185 (14%) of the Galliformes order 
(Gallus gallus domesticus, Meleagris gallopavo and 
Numida meleagris), 67 (5%) were Sphenisciformes 
(Spheniscus magellanicus), and the remaining species 
belonged to the orders orders Charadriiformes and 
Passeriformes. Samplings were carried out in areas of 
migratory bird routes in the states of Rondônia, Pará, 
Maranhão, Pernambuco, São Paulo and Santa Catarina. 
Samples were tested by RT-PCR or GeneScan. Results 
allowed the detection of LPAIV in 7/884 (0.1%) Cairina 
moschata (domestic duck), one individual Sterna 
hirundo (common tern) and 2/111 (0.2%) Gallus 
gallus domesticus, all in the state of Pará. AIV was 
also detected in 7/67 (0.1%) Spheniscus magellanicus 
(Magellan penguin) from the Aquariums of Santos and 
Guarujá, state of São Paulo (Golono, 2009).

Patogenicity

HPAIV strains may cause high morbidity and 
mortality in most domestic avian species, but may 
present different pathobiologies, depending on the 
strain and host species. The emerging H5 and H7 

HPAIV have shown to be highly virulent to chickens 
and to have a short incubation period in inoculated 
embryos. In ducks, the symptoms caused by the 
Eurasian strains have changed from mild respiratory 
signs to viremia, visceral and central nervous system 
(CNS) infection, severe respiratory signs and low 
fecal transmission. High lethality was demonstrated 
in young ducks, with cardiac and CNS infection. 
However, infected ducks excrete only 1% of the titer 
excreted by infected chickens (Swayne & Pantin-
Kackwood, 2006). The phylogenetic analyses of 
duck pathogenic strains have not shown changes in 
genes associated to pathogenicity, but in other genes 
(Pantin-Jackwood et al., 2007). The sequential subtypic 
infections in natural reservoir species were analyzed, 
showing that the homosubtypic immunity protected 
birds from clinical expression and greatly reduced virus 
excretion. However, the hetosubtypic immunity only 
partially reduced both. The heterosubtypic immunity 
in reservoir birds ensures clinical protection despite 
enabling transmission (Fereidouni et al., 2009).

Nigerian HPAIV strains were isolated, characterized 
and placed in clade 2.2.2. Chicken-challenge 
(intranasal and intravenous) experiments resulted in 
systemic disease, with tropism to the endothelium, 
with necrosis and inflammation of the brain and lungs 
(Aiki-Raji et al., 2008).

In chickens and turkeys, the incubation period may 
vary between 3 and 7 days, after which there may be 
sudden death; severe depression; ruffled feathers; lack 
of appetite; severe drop in egg production; edema and 
cyanosis of the head, neck, comb and wattle; petechial 
hemorrhages in serosa membranes; excessive thirst; 
watery diarrhea with greenish to whitish color; edema 
and congestion of the conjunctiva, with occasional 
hemorrhage; feet and heel skin diffuse hemorrhages; 
tracheal rales; and nasal and ocular discharge. In 
turkeys, the symptoms are similar to chickens, and 
also present sinusitis, variable respiratory mucus 
accumulation, loss of energy, coughing and sneezing, 
incoordination, nervous signs such as paralysis, egg 
production cessation; eggs laid immediately post 
infection may have weak shells and deformities, 
surviving birds may be weak and return to lay may 
take several weeks. Mortality in chickens and turkeys 
may reach 100%, and death frequently occurs 48h 
after the clinical signs appear; however, it may also 
occur without any previous clinical signs and may 
extend to one week after the start of the clinical signs. 
In turkeys, it may occur between 3 and 10 days. In 
ducks and geese, the incubation period is similar to 
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that of chickens and turkeys (3 - 7 days), with signs of 
depression, lack of appetite and diarrhea as with laying 
chickens, edema of the paranasal sinuses, neurological 
signs in young birds, drop in egg production, and 
sudden death. Surviving birds may be weak and return 
to lay may take several weeks. Mortality in ducks and 
geese may reach 100% (Swayne & Halvorson, 2008; 
Capua et al., 2002; OIE, 2012b).

Diagnosis

In Brazil, the diagnosis and characterization of AIV is 
officially performed by the Reference Animal Laboratory 
(Laboratório de Referência Animal) in Campinas, 
São Paulo. European Reference Laboratories tasks 
established for 2010 were presented by the European 
Community at the 15th Joint Annual Meeting of avian 
influenza and Newcastle disease (Pittman, 2009).

Influenza control is dependent on and must be 
based on rapid diagnosis. This is routinely made using 
conventional reverse transcriptase-PCR or quantitative 
RT (real time)-PCR, and strains are characterized by 
product sequencing. Large numbers of samples may 
be rapidly scanned using the restriction fragment mass 
fingerprinting (RFMF) of isolates. Three RFMF markers 
enabled identifying H5N1, with a possibility of strain 
differentiation (Michaela et al., 2009). A laboratory 
model for virulence typing was proposed in mice, for 
the 28 North American wild avian strains of subtypes 
H2, H3, H4, H6, H7 and H11, demonstrating lesions 
without the necessity of adaptation and with minimal 
morbidity (Driskell et al., 2010). AIV preferential cellular 
infection was determined as based on galactose 
with α2,3 (avian cells) or α2,6 (human cells) links in 
sialic acid receptors, using sialidase from Salmonella 
Thyphimurium to destroy α2,3 galactose links, with 
diagnosis of α2,6 preference for enabled strains or 
α2,3 preference for disabled strains (Suptawiwata et 
al., 2008). Equine red blood cells were proposed for 
hemagglutination inhibition assays for AIV variant 
strains that present less affinity to chicken erythrocytes 
(Jia et al., 2008). 

A rapid agglutination test was proposed for the 
detection of influenza A H1N1 during the pandemics 
of 2009, with evaluation of forty AIV strains isolated 
from five different host species. Sensitivity was 88% 
for both bird and human strains, and specificity was 
99.3% for human strains and 99.5% for avian strains 
(Chen et al., 2010).

Universal PCR assays for the M and NS genes, 
or specific for H5 or H7, have been proposed for 

the rapid detection of AIV in humans, and were 
positively correlated with viral isolation, antibody 
detection, immunohistochemistry and hybridization in 
nitrocellulose (Pisareva et al., 1992). Laboratory tests 
are essential for the definitive diagnosis of respiratory 
diseases, with virological assays for rapid identification, 
such as multiplex PCR, which has been of great 
interest. A multiplex reaction with primers directed to 
the conserved regions of the nucleoprotein gene of 
AIV A, B or C, to the fusion protein of RSV and to 
the gene encoding the adenovirus exon protein has 
been described. The amplicons of influenza A, B and 
C were identified, as well as other products, due to 
differences in molecular size (Palese & Shaw, 2007). The 
PCR-enzyme immunoassay (PCR-EIA) was developed 
for the identification of influenza A matrix RNA in 
clinical samples negative for cultivable virus (Starick et 
al., 2000). A fluorogenic PCR, currently known as real-
time PCR, for typing and subtyping of respiratory AIV 
strains was described, using the probe technology that 
exploits the endogenous nuclease activity of 5’-3’of Taq 
DNA polymerase and that allows the detection of the 
amplicon by the release of a fluorescent reagent during 
PCR reaction (Schweiger et al., 2000). The detection 
of influenza A was obtained by PCR amplification of 
conserved sequences of the matrix gene. PCR was 
faster and 100 times more sensitive than the classical 
isolation procedures (Fouchier et al., 2000). Two 
real-time PCR protocols have been described for the 
detection of matrix gene of the influenza A virus using 
fluorogenic hydrolysis probes (Spackman et al., 2002), 
one detecting 10 fentograms (fg) of RNA (1,000 
copies) and 0.1 50% lethal dosis, and hemagglutinin 
H5 and H7, detecting 100fg and 1,000/10,000 RNA 
copies. For instance, for the detection of AIV H5 and 
for monitoring viral load (real-time PCR), from 0.05 to 
0.10 embryo infectious dose 50% (DIE

50) are required, 
in contrast with a minimum of 3 DIE50 in conventional 
PCR (primers proposed by WHO) and 10 DIE50 for the 
antigen capture ELISA. Known infected pharyngeal 
swabs (n=35) from sick birds showed 33 positive 
birds by real-time PCR, compared with 27, 13 and 
19 positive detected by conventional PCR, capture 
ELISA and virus isolation, respectively. Sixty human 
samples (throat swabs) infected with AIV H1 were 
negative and sixteen other heterologous viruses used 
as negative controls were negative (Chen et al., 2007) 
using RT-PCR. Real-time PCR of cDNA transcribed from 
AIV RNA was recommended by the CDC (Centers for 
Disease Control and Prevention, USA) for the rapid 
identification of AIV subtypes of influenza surveillance 
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in humans. The clinical study of the patients must 
meet the criterion of “influenza-like illness”, that is, 
temperature above 37.8°C, cough and / or sore throat, 
no diagnosis of another etiology, hospitalized patients 
presenting this condition and tested negative by fast 
tests (kits), or patients who died and presented clinical 
signs (CDC, 2010). The Food and Drug Administration 
(FDA) published the authorized in-vitro tests for the 
disease (FDA, 2010).

Three semi-nested multiplex RT-PCR were 
developed for the simultaneous detection of twelve 
respiratory viruses, including influenza A, B and C, 
human respiratory syncytial virus (HRSV), human 
metapneumovirus (HMPV), parainfluenza virus types 
1-4 (PIV-1, -2, -3 and -4), human coronavirus OC43 
and 229E (HCoV), and human rhinovirus (HRV). Two 
hundred and three nasal aspirates of hospitalized 
children were retrospectively studied by semi-nested 
multiplex PCR, immunofluorescence and virus isolation, 
with an overall sensitivity of 98% (Bellau-Pujol et al., 
2005). A RT-nested-PCR methodology was adopted for 
the detection of AIV as the standard method by the 
National Standards Unit, Department for Evaluations, 
Standards and Training, National Public Health of 
Wales (Metodo Nazionale Standard, 2009).

Training for diagnosis and epidemiologic 
surveillance

In response to the HPAIV pandemics, several 
developing countries have improved their animal health 
public services, with greater budgets, better laboratories 
and trained personnel in collaboration with international 
institutions. A basic laboratory, with two technicians, 
equipment and reagents would cost about US$ 500,000 
(Sims, 2006). In Hong Kong, the new laboratory to face 
the influenza outbreaks and other avian diseases cost 
US$ 6.1 million (Hinricks et al., 2006).The improvement 
of six laboratories in Nigeria – one capable for complete 
diagnosis and five for rapid triage, cost US$ 3.12 million 
(Nigeria, 2005), and expenses to improve veterinary 
services reached US$ 10 million. In five years in Viet 
Nam, the same period as for Nigeria, expenses reached 
US$ 30 million (OIE, 2007). Laboratory maintenance 
and reagent costs in the developing countries of 
Southeast Asia reached US$ 0.50-1.50 for serology and 
US$10 e 20 for real-time PCR per sample. In Malaysia, 
surveillance costs were US$ 533,000 in 2005 (APHCA, 
2005). In Hong Kong, surveillance costs per live bird 
commercialized was US$ 0.12/bird or about 6% of bird 
price (Health, 2004). 

PREVENTION AND CONTROL

On April 27, 2007, the United States of America 
Food and Agriculture Administration (FDA) authorized 
the first HPAIV H5N1 vaccine to humans for the 
protection of groups at high risk (Skeika & Jabrb, 2008). 
The Food and Agriculture Organization of the United 
Nations published the list of the manufacturers of 
poultry influenza vaccines (FAO, 2012a). Vaccinations 
may reduce the risk of infection and lower virus 
output, with birds representing a lower sanitary risk, 
and may be used for poultry surrounding outbreaks 
zones. The three categories of strategies proposed for 
vaccination by FAO are: (1) Response to an outbreak, 
employing perifocal vaccination (ring vaccination) or 
vaccination only of domestic poultry at high risk, in 
combination with the destruction of infected domestic 
poultry; (2) Vaccination in response to a “trigger”, 
upon the detection of the disease by surveillance 
studies, in areas where biosecurity is difficult to be 
implemented (e.g., high density of poultry farms); and 
(3) Pre-emptive baseline vaccination of chickens and 
other avian species when the risk of infection is high 
and/or the consequences of infection are very serious 
(FAO, 2012b).

After the influenza outbreaks in poultry and the 
potential pandemics threat to humans caused by 
the HPAIV of the H5N1 subtype, improvements in 
biosecurity and the use of inactivated vaccines are 
the two main options for the control of the disease. 
Vaccines against avian influenza are designed to induce 
the protection of flocks, preventing outbreaks, and can 
be used as tool in perifocal vaccinations to fight isolated 
episodes of the disease Although in the United States 
the control of the HPAIV was obtained by eradication 
programs, strategies were also employed against the 
velogenic and mesogenic strains of the Newcastle 
disease virus (Villegas, 1998). On April 27, 2007, the 
U.S. Food and Drug Administration (FDA) approved the 
first vaccine against HPAIV H5N1 for use in humans at 
high risk of infection (Skeika & Jabrb, 2007). A model 
plan for human influenza pandemics preparedness was 
published in Ireland (A Model…, 2002).

The essence of biosecurity is to minimize the risk 
of extraneous organisms from entering the premises 
where poultry are housed, and therefore it is the best 
strategy to reduce the risk of diseases in general, 
particularly when poultry are reared in confinement. 
Ideally, farms should be designed for biosecurity from 
the beginning. The costs of adaptation may be high 
and not very cost-effective, as changes in structures, 
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equipment and labor management are required. 
In view of the potential risk represented by free-
range chickens in regions where industrial broiler 
production is practiced, the confinement of the former 
is recommended. However, investments in biosecurity 
depend on the risk perception of the farm owner. 
The estimated cost for improving the quality and 
the biosecurity of the facilities in intensive and semi-
intensive poultry production may amount to US$50.00 
for training and may rise to R$ 75-100 per farm 
for small commercial flocks in Vietnam, Cambodia 
and Laos. Biosecurity in grandparent stock farms in 
Viet Nam, including fencing, personnel entry, cloth 
changing and showering rooms, quarantine facilities, 
etc., represented US$57,000 per farm (Otte et al., 
2008a).

Biosecurity norms are published by the Ministry of 
Agriculture in Brazil (Brasil, 2006, 2009). Interstate 
transportation is restricted and it is authorized only 
among states with similar standards of veterinary 
services. In addition, animal transportation license 
issued after birds are inspected is required (Brazil, 
2006). The Normative Act (NA) No. 56 of December 
4th, 2007, describes the procedures for the registration, 
monitoring and control of poultry establishments 
(Brasil, 2009). 

In a few countries, social, economic, geographic 
and cultural development has increased the risk of 
AI, as poultry are reared close to natural and potential 
reservoirs and other domestic species. It has been 
considered that the highest risk is associated to 
the proximity to a live infected bird. Therefore, the 
eradication the disease by destroying infected flocks 
is an important tool, as it was applied in to control 
the outbreaks in Italy (Capua & Marangon, 2000) and 
China (Wei-Hua, 1998), thereby reducing the time 
of the impact of the disease. A review article on the 
prevention of influenza by HPAIV H5N1 in domestic cats 
was published, although the infection is considered rare 
and few reports were described in Europe. Notification 
is mandatory in Europe and suspect cats must be kept 
in isolation from other cats, birds and other animal 
species, including humans (Thiry et al., 2009).

AIV can contaminate water sources by the excreta 
of wild birds or sewage contamination, and therefore 
treatment processes used by the drinking water 
industry have been evaluated. The effectiveness 
of physical treatments (coagulation–flocculation–
settling, precipitation by aluminum sulfate, aluminum 
polychlorosulfate or ferric chloride, hollow fiber 
membrane ultra-filtration and ultraviolet irradiation) 

and chemical treatments (monochloramine, chlorine 
dioxide, chlorine, and ozone) against strains of H5N1 
and H1N1 viruses was evaluated. Viruses were sprayed 
onto the water surface and coagulation, flocculation-
settling and precipitation were shown to be ineffective 
in removing infectivity. However, ultra-filtration with 
hollow fiber reduced >3 to >4 log10 titers. The most 
effective methods were ultraviolet irradiation at 25 mJ/
cm2, ozone at 0.5 mg/L e 1 mg/L/10mi,n and chlorine 
dioxide (0.3 to 3 mg/L (ppm)/5-120min), reducing 
>5log10 titers. Monochloroamine was the least 
efficient method (Lénès et al., 2010).

Recommendations for the disposal and disinfection 
of contaminated material have been published. The 
use of gloves, eye protection and disposable clothing 
for disposing of carcasses by burning or burying, 
cleaning animal housing facilities and equipment, such 
as cages, with detergent in water (10 min.), or sodium 
hypochlorite (liquid) at 2-3% available chlorine / 10-30 
min are recommended. Citric acid is safe for clothes 
and body decontamination at 2 g/liter (0.2%), with 
contact for at least 30 minutes. Electrical equipment 
may be disinfected by formaldehyde gas for 15-24 
hours. For human skin (hands, face and other exposed 
skin), the use of soaps and detergents for at least 10 
minutes is recommended (FAO, 2012c).

Registered antiseptic products in the USA for 
influenza A disinfection were recommended for 
non-porous surfaces and considered effective against 
AIV. EPA publishes the antimicrobial pesticide product 
fact sheet updates (EPA, 2007). Cleaning with 
detergent or soap is the first step for removing the 
surface contamination and may be followed by the 
application of disinfectants (USC, 2011). Disinfection 
and sterilization of healthcare facilities were proposed 
by the Health Care Advisory Committee (CDC-Center 
for Disease Control, Department of Health and 
Human Services, USA), for settings such as hospitals, 
out-patient care and home care (Rutala et al., 2008), 
reviewing the CDC guidelines of 1985, and proposing 
as first step thorough cleaning for the removal of 
organic and inorganic matter for the best efficiency of 
chemical disinfection. 

Seasonal influenza vaccines in humans were 
primarily developed to induce protection in elderly 
and immune-compromised people, preventing the 
severe effects on these hosts. Global production 
capacity for seasonal influenza vaccines is 350 million 
doses of trivalent-inactivated vaccine, with estimated 
possible 2-3 year expansion to 780 million doses, and 
up to 2.3 billion doses by 2009. The nine industrial 
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countries capable of producing the vaccine are 
Australia, Canada, France, Germany, Italy, Japan, The 
Netherlands, United Kingdom and USA. The Strategic 
Advisory Group of Experts on Immunization (SAGE) 
suggests that current data on vaccines indicate that 
these are safe, immunogenic at lower doses, and 
cross-protective against H5N1 strains. Developed 
countries may require a 3-6 months interval to prepare 
novel human influenza vaccines, which may not be 
available for poorer countries and poorer countries 
may possibly lack the vaccine. Short-term stockpiling is 
recommended for the control of early outbreaks, as well 
as vaccinating key public health personnel and long-
term partnerships for local vaccine production (WHO, 
2006). The research on human vaccines includes the 
development of mass vaccination strategies. 

Using reverse genetics, temperature-sensitive 
mutations were introduced in PB1 and PB2 genes 
and further changes in NA for HA gene. In 2-week-
old chickens, the infection with a H7N2/att strain 
provided complete protection against LPAIV H7N2. A 
new generation of attenuated H5N1/att strain was 
developed for mass vaccination, inoculated in ovo at 
18 days of incubation, resulting in 60% protection 
of 4-week-old chickens and 100% protection of 9 
to 12-week-old chickens, and no challenge virus was 
detected post-challenge (Song et al., 2007).

Live attenuated cold-adapted H5N1 vaccines 
were developed for ferrets (Jina et al., 2007). The 
attenuating mutations specified by the AA ca loci 
had the greatest influence; the deletion of the H5 HA 
multi-basic cleavage site (MBS) was next in importance; 
and the AA genes acting in concert with the H5N1 
glycoproteins caused a constellation of effects for 
a recombinant live attenuated virus ΔH5N1 with 
modified hemagglutinin (HA) and intact neuraminidase 
genes (Suguitan et al, 2009). A set of experimental live 
attenuated vaccine strains based on a recombinant 
H5N1 influenza virus A/Viet Nam/1203/04, lacking the 
polybasic cleavage site by reverse genetics, but with 
full-length or a C-terminally truncated NS1 protein, 
protected mice and chickens from lethal homologous 
challenge, with high level of protection against a 
heterologous virus (Steel et al., 2009). A chimeric dual 
specificity H5N1 virus, expressing the HN ectodomain 
of an apathogenic Newcastle disease virus (NDV) strain 
but not the influenza NA gene, enhanced the entry of 
foreign proteins into virus particles, while a bivalent 
strain, expressing the H7 HA on NDV background, 
resulted in 90% protection against HPAIV and 100% 
protection against NDV challenges (Park et al., 2006).

Inactivated AI vaccines should be given by injection, 
as demonstrated for conventional inactivated 
homologous or heterologous HA virus, both with 
heterologous NA, in order to enable the differentiation 
from the circulating virus through the DIVA strategy 
(differentiating infected from vaccinated animals), and 
were successfully used in Italy (Capua & Marangon, 
2006), although in Mexico they were questioned for 
the possible induction of selective pressure (Lee et 
al., 2004; Webster et al., 2006). After fatal infections 
by HPAIV H5N1 in Falconiformes, ten hawks were 
vaccinated with an inactivated H5N2, which was 
considered protective and reduced transmission 
(Lierz et al., 2007). A Vero cell culture of the H5N1 
virus was highly immunogenic in animal models after 
inactivation, allowing rapid high yield of a candidate 
pandemic virus in cell culture (Kistner et al., 2007). 
Current H5N1 strain vaccine responses may provide 
the necessary priming in humans to cope with variant 
HPAIV emerging strains, as determined by a Vero cell 
grown H5N1 given to mice (Sabartha et al., 2010). 
Mice were studied as an alternative to eggs to produce 
influenza human vaccines, considering a possible egg 
shortage during pandemics (Hoelscher et al., 2006). 
Several inactivated recombinant vaccines expressing 
genes encoding protection-inducing proteins were 
evaluated. Mice given an incompetent adenovirus 
recombinant vector expressing H5 (Had-H5NA) were 
resistant to homologous and heterologous H5N1 
challenge (Hoelscher et al., 2006). However, virus 
shedding was reported (Sasaki et al., 2009). Employing 
reverse genetics, one AIV subtype H5 was constructed 
for the expression of the ecto-domain of Newcastle 
disease virus (NDV) HN, instead of N1 (Park et al., 2006). 
The intranasal administration of gamma-irradiated, 
but not formalin- or UV-inactivated A/PR/8/Puerto 
Rico/8/34 (H1N1), protected mice against mortality 
after challenge with a HPAIV A/Vietnam/1203/2004 
[H5N1] and other heterologous strains (Furuya et al., 
2010).

As the HPAIV H5N1 avian influenza is possibly 
now endemic in both domestic and migratory birds 
in Eurasia, eradication alone may not control H5N1 
influenza spread. For instance, ducks are not uniformly 
killed by HPAIV H5N1 viruses and play a major role in 
virus spread. A reverse genetics-derived H5N3 strain 
inactivated oil-emulsion vaccine provided protection 
against lethal H5N1 challenge in ducks, but two doses 
were required to protect chickens (Webster et al., 2006). 
Using plasmid-based reverse genetics, a transfectant 
H5N1/PR8 virus was generated, with the multibasic 
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amino acid motif removed. The transfectant H5N1/PR8 
was attenuated for chickens and mice with no loss of 
immunogenicity, inducing protection against HPAIV 
H5N1 challenge in mice (Subbarao et al., 2003). The 
deletion of the non-essential UL0 gene of the infectious 
laryngotracheitis virus (ILTV) led to its attenuation in 
chickens. Vaccination with UL0 mutants, expressing 
influenza virus haemagglutinin (H7), protected 
chickens against ILT and homologous fowl plague, 
although it di not protect against H5N1, despite its 
long survival time (Veits et al., 2003). The protection of 
chickens against HPAIV H5N1 infection was achieved 
by vaccination with recombinant live ILTV, expressing 
H5 hemagglutinin or/and N1 neuraminidase (H5-ILTV). 
Chickens vaccinated with the H5-ILTV expressed 
limited infection post-H5N1 challenge, as detected by 
RT-PCR, and the limited infection of challenge virus 
was blocked by a secondary vaccination with N1-ILTV. 
The absence of antibodies against AIV nucleoprotein in 
recombinant virus response enables the differentiation 
between vaccination and challenge responses (Pavlova 
et al., 2009). 

The vaccination of poultry against HPAIV is a control 
measure in endemic regions and may be important in 
eradication programs, in order to prevent the destruction 
of large numbers of flocks, to reduce the number of 
outbreaks and the circulation of virus in a country or 
region, or also to be used as insurance against economic 
losses resulting from outbreaks. Official mass vaccination 
campaigns of poultry against HPAI have been conducted 
in several countries, including Hong Kong, China, Viet 
Nam, Indonesia, Egypt, Côte d’Ivoire, Pakistan and 
Mexico. In Viet Nam, mass vaccination campaigns 
under the supervision of public veterinary services are 
conducted twice a year. Investments were made in cold 
storage for vaccines, training of vaccinators, and mass 
communication campaigns. The total investment of 
delivering 364.5 million vaccine doses during the first 
year of the campaign was estimated in approximately 
US$21 million or US$0.06 per bird vaccinated. In Côte 
d’Ivoire, the cost of delivering 31.8 million vaccines 
during the first year of the campaign was estimated 
in US$2.25 million or approximately US$0.07 per bird 
(Otte et al., 2008a). 

The development of a vaccine strain before 
pandemics occur, using for instance, reverse genetics 
re-assortment of H5N1 Anhui/PR8 virus, without 
the multi-basic HA cleavage motif, may be suitable 
for vaccine production against H5N1 clade 2.3-4 
viruses occurring in China, Viet Nam, Thailand and 
Laos (Dong et al., 2009). A/Puerto Rico/8/34 (H1N1) 
reverse genetics re-assortants were produced in Vero 

and chicken embryo cells, maintaining their original 
internal proteins and exhibiting envelope proteins of 
the non-pathogenic strains, had their safety tested in 
ferrets and chickens (Lagastelois et al., 2007). 

The degree of protection against HPAIV H5 viruses 
was shown to be dependent on the homology of H5 
vaccine and the sequences of the challenge viruses. 
Protection may be provided against homologous 
challenges, but only partially against heterologous 
challenges (Römer et al., 2008). Inter-pandemic strains 
may present minor genetic changes, which result in 
antigenic drift, evolving by host selection to antigenic 
shift, if conditions are favorable. Epidemiological 
monitoring is the basis for determining the necessity 
of vaccine updating and which antiviral drug should be 
recommended (De Jong et al., 2000). 
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