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I Introduction 

Human influenza pandemics over the last 100 years have been caused by HI, H2, 
and H3 subtypes of influenza A viruses. More recently, avian influenza viruses have 
been found to directly infect humans from their avian hosts. The recent emergence, 
host expansion, and spread of a highly pathogenic avian influenza (HPAI) H5N1 
subtype in Asia has heightened concerns globally, both in regards to mortality of 
HPAI H5N1 in humans and the potential of a new pandemic. In response, many 
agencies and organizations have been working collaboratively to develop early 
detection systems, preparedness plans, and objectives for further research. As a 
result, there has been a large influx of published information regarding potential 
risk, surveillance, prevention and control of highly pathogenic avian influenza, par
ticularly in regards to animal to human and subsequent human to human transmis
sion. This chapter will review the current human infections with avian influenza and 
its public health and medical implications. 

I Influenza A Viruses 

Influenza A, B and C are the most important genera of the Or thorny xoviridae family. 
Influenza A is responsible for human pandemic outbreaks and seasonal epidemics 
and influenza B is responsible for increasing cases of seasonal disease. Influenza A 
viruses are enveloped, single-stranded RNA viruses with a segmented genome. The 
eight RNA segments of the genome encode for 11 viral proteins, including the poly
merase proteins (FBI, PB2), matrix proteins (Ml, M2) and the surface glycoprotiens 
hemagglutinin (HA) and neuraminidase (NA). Influenza A viruses are classified into 
subtypes on the basis of the antigenic properties of the hemagglutinin and neur
aminidase glycoproteins expressed on the surface of the virion [1]. To date, 16 hem
agglutinin and 9 neuraminidase subtypes have been identified and are found in 144 
different combinations (e.g., HlNl, H3N2, H5N1, etc.) [2]. 

The hemagglutinin glycoprotein mediates attachment and entry of the virus by 
binding to sialic acid receptors on the cell surface [3, 4]. The binding affinity of 
hemagglutinin to the host sialic acid allows for the host specificity of influenza A. 
More specifically, avian influenza subtypes prefer to bind to sialic acid linked to 
galactose by a-2,3 linkages, which are found on duck intestinal epithelium and poul
try and duck respiratory epithelium [5]. Human virus subtypes, HI, H2, and H3, 
bind to a-2,6 linkages found in human respiratory epithelium. Swine contain both 
a-2,3 and a-2,6 linkages in their respiratory epithelium allowing for easy co-infec-
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tion with both human and avian subtypes [6]. This reason has been cited as the 
hkely genesis of novel strains, as in the 1968 H3N2 human pandemic, and has given 
pigs the designation of a ^mixing vessel' for new strains [7, 8]. To a lesser degree, 
humans have been found to contain both a-2,3 and a-2,6 Unkages in their lower 
respiratory tract and conjunctivae which allows for human infections of avian 
strains [9]. The hemagglutinin glycoprotein is the main target for immunity by neu
tralizing antibody. 

The neuraminidase glycoprotein allows the spread of the virus by cleaving the 
glycosidic linkages to sialic acid on host cells and the surface of the virus [10]. The 
virus is then spread in secretions or other bodily fluids. The neuraminidase glyco
protein is a lesser target for immunity by neutrahzing antibodies, but is the target 
site for the antiviral neuraminidase inhibitors. 

In addition to hemagglutinin and neuraminidase classification, influenza A 
viruses are characterized by their pathogenicity. Highly pathogenic avian influenza 
(HPAI) is defined by the World Organization for Animal Health (OIE) as any influ
enza that causes severe disease or death in domestic poultry. HPAI viruses, with very 
few exceptions, are of the H5 or H7 subtype, but not all H5 and H7 subtypes are 
HPAI viruses. The potential pathogenicity of H5 and H7 subtypes can be evaluated 
by sequencing the hemagglutinin gene, since pathogenicity is associated with the 
presence of multiple basic amino acids at the hemagglutinin cleavage site. A change 
from a low pathogenic H5 or H7 subtype to a highly pathogenic form may occur 
upon introduction into poultry and is thought to occur primarily as a result of inser
tion of basic amino acids in the hemagglutinin cleavage site. Molecular studies have 
shown that the 1918 human pandemic HlNl subtype originated as a low pathogenic 
avian virus in contrast with current human cases of H5N1 worldwide, which are the 
result of a highly pathogenic avian influenza virus. 

Influenza A viruses are highly variable as a result of molecular changes in the 
RNA segments that occur through a number of mechanisms; the most important of 
which are point mutation (antigenic drift) and RNA segment reassortment (anti
genic shift) [10]. Like other RNA viruses, the influenza A viruses lack proofreading 
ability, and are, therefore, subject to point mutations [10]. These individual muta
tions in the viral genome cause minor changes in the antigenic character of virus, 
with amino acid changes in hemagglutinin and neuraminidase of principal impor
tance. Reassortment occurs when a host cell is infected with two or more influenza 
A viruses and leads to the creation of a novel subtype containing a new hemaggluti
nin or neuraminidase that is immunologically distinct from those of the previous 
circulating strains, as can be seen in pigs, which possess receptors for both the 
human and avian subtypes [8]. Three major pandemics have occurred in the last 
century (1918 HlNl, 1957 H2N2, and 1968 H3N2) through reassortment. However, 
point mutations leading to viral adaptation to a human host can occur with any 
avian influenza subtype. 

I Host Range of Influenza A Viruses 

Influenza A viruses infect a wide range of hosts including many avian species, and 
various mammalian species such as swine, ferrets, felids, mink, whales, horses, seals, 
dogs, civets, and humans [11-13]. Wild birds (ducks, geese, swans, and shorebirds) 
are important natural reservoirs of these viruses, and all of the known 16 hemagglu
tinin and 9 neuraminidase subtypes have been found in these birds. In most cases. 
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these subtypes are found within the gastrointestinal tract of the birds, shed in their 
feces, and rarely cause disease. Since 2002, however, HPAI H5N1 viruses originating 
in Asia have been reported from approximately 960 wild bird species, causing dis
ease in some instances and asymptomatic shedding in others [14]. The virus has 
now spread across Asia, Europe, the Middle East, and some African countries. Addi
tional species, such as tigers, leopards, cats, stone martens, and humans have also 
become infected with HPAI H5N1. The wide host range of many of these bird spe
cies may be one potential mechanism of spread of HPAI H5N1 worldwide, thus com
plicating the potential contact, transmission, and mutability of HPAI H5N1 in ani
mal and human populations. 

I Epidemiology and Pathogenicity of Avian Influenza Infections 
in Humans 

The incidence of avian influenza infections in humans has increased over the last 
decade (Table 1) [II, 12, 15-20]. Initially, cases of avian influenza (H7N7) in humans 
occurred in association with poultry outbreaks, manifesting as self-limiting conjunc
tivitis [11]. Then, in 1997, a large scale HPAI H5N1 outbreak occurred among poultry 
in Hong Kong, with 18 documented human cases [17]. Two subsequent poultry out
breaks in Hong Kong in 1999 and 2003 with HPAI H5N1 occurred without human 
cases until 2003 when two members of a family in Hong Kong contracted HPAI 
H5N1. In December of 2003, HPAI H5N1 surfaced in poultry in Korea and China, and 
from 2003 - 2006 the outbreak stretched worldwide in the largest outbreak in poultry 
history. Human cases of HPAI H5N1 followed the poultry outbreak, with a total of 
256 cases and 151 fatalities thus far. Other limited outbreaks have occurred, causing 
variable human disease (Table 1) [21]. However, HPAI H5N1 remains the largest and 
most significant poultry and human avian influenza outbreak. 

Epidemiologic investigations of human cases of avian influenza shows that the 
virus was acquired by direct contact from infected birds. Influenza A is transmitted 

Table 1 . Avian influenza A outbreaks reported in humans 

Influenza A 
subtype 

Source of 
infection 

Clinical 
presentation 

Number of 
human cases 

Number of 
fatalities {%) 

H7N7 

Poultry 

Conjuncti
vitis 

1 

0 (0 ) 

H5N1 

Poultry and 
waterfov\̂ l 

Conjunctivitis 
and fU 

18 

6(33) 

Hong 

mm 

Poultry 

ILI 

2 

0(0) 

H7N7 

Pmiltry 

Ccmjunctivltis 
pneumcmia, 
ILf 

89 

1(1) 

Canada 
2004 

H7N3 

Poultry 

Conjuncti
vitis, ILI 

2 

0(0) 

VforlcNMe (southast 
A ^ Altka, MkMfe 
iarst) 2003*prKem 

H5N1 

Poultry and waterfowl 

Conjunctivitis, ILI, 
pneumonia, multi-
organ failure 

256 

151 (59) 

H: hemagglutinin; N: neuraminidase; ILI: lnfluenza-lil<e illness 
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Table 2. Person-to-person transmission of avian influenza 

Influenza 
subtype 

Location 

Transmission 
to 

No of cases 

Clinical 
presentation 

Hong i ^ 

H5N1 

Household 

Family 
memto 

1 

seropositive 

Hong Kong 
199? 

H5N1 

Hospital 

Health care 
worker 

8 

seroposithfe 

H7N7 

Household 

Family 
member 

3 

ConjunctMtis 
and III 

thatend 
^ 0 4 

H5N1 

Hospital 

Family 
member 

2 

Pneumonia, 
death 

Vietnam 
2004 

H5N1 

Hospital 

Health Care 
worker 

0 

N/A 

In^on^a 
2iK^ 

H5N1 

Household 

Family 
member 

7 

Pneumonia, 
death 

ILI = influenza-lil(e illness 

through the fecal-oral and respiratory routes among wild birds and poultry [13, 14]. 
Human interaction with these infected secretions and birds was the major mode of 
transmission, with contact including consumption of undercooked or raw poultry 
products, handling of sick or dead birds without protection, or food processing at 
bird cleaning sites [11, 12, 15-17, 19, 22-24], All birds were domesticated poultry or 
waterfowl, and no transmission from wild birds or contaminated water has been 
reported. In a few cases, limited human to human transmission was reported among 
health care workers and family members (Table 2) [24-28]. In each of these cases, 
no personal protective equipment was utilized and was the major factor in transmis
sion between humans. 

I Clinical Manifestations of Avian Influenza in Humans 

The clinical manifestations of avian influenza in humans have ranged from mild 
conjunctivitis to severe pneumonia with multiple organ failure (MOF) [11, 12, 
15-20, 22, 23, 29]. While the ages of the patients have varied, the majority of cases 
in both the 1997 and 2003 HPAI outbreaks were young. In 1997, the median age of 
the cases was 17.2 years, while the cases from 2003-2004 in Southeast Asia had a 
median age of 16 (range 2 months to 90 years). Nearly all cases were linked with sick 
and infected poultry, and the incubation period ranged from 2 to 8 days from con
tact to symptoms. The symptoms in each outbreak have varied with the avian influ
enza A subtype. In 2003 during the Netherlands outbreak with subtype H7N7, 92 % 
(82 of 89) presented with conjunctivitis [11, 29]. The other cases in Canada and the 
UK also presented with conjunctivitis [22]. However, with HPAI in Hong Kong in 
1997, 18 of the cases had an influenza-like illness [17, 19]. In 11 cases, pneumonia 
developed with 6 of these progressing to MOF, acute respiratory distress syndrome 
(ARDS), and death [17]. Reye syndrome, pulmonary hemorrhage, and predominant 
nausea, vomiting, and diarrhea complicated cases. 

Cases from the worldwide outbreak originating in Southeast Asia had similar pre
sentations to the 1997 HPAI H5N1 cases [30-33]. The main presenting symptom 
was pneumonia with fever and an influenza-like illness. Diarrhea was present in up 
to 70% of the cases. Many cases had both thrombocytopenia and lymphopenia. 
Chest radiographic findings included interstitial infiltrates, lobar consolidation, and 
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air bronchograms. Sixty-eight percent of patients developed ARDS and MOF within 
6 days of disease onset. The case fatahty rate has ranged from 67 - 80 %, depending 
on the case series [34]. Once the cases reached the critical care unit, however, the 
mortality was 90%. The average time of death from disease onset was 9-10 days. 

Post-mortem studies have illustrated findings consistent with MOF and over
whelming systemic inflammatory response syndrome (SIRS), including diffuse alve
olar damage, acute tubular necrosis and atrophy, disseminated intravascular coagu
lation (DIG), and multi-organ damage [35]. Interestingly, the virus has been isolated 
from the lungs, intestine, spleen, and brain, suggesting viremia. However, active rep
lication of the virus was limited to the lungs. This overwhelming inflammatory 
response, with acute lung injury (ALI) and ARDS as the predominant feature, coin
cides with the findings of a preferential binding of the avian influenza A viruses to 
a-2,3 linkages in type II pneumocytes of the lower respiratory tract of humans [36]. 
Subsequent viral replication, cytokine release, overwhelming host immune response, 
and the subsequent systemic manifestations then occur. 

I Diagnosis 

The clinical diagnosis of avian influenza infection in humans is difficult and relies 
on the epidemiological link to endemic areas, contact with sick or dead poultry, or 
contact with a confirmed case of avian influenza. Since many infectious diseases pre
sent with these findings, the only feature significant to the clinician may be contact 
in an endemic area, through travel or infected poultry, and the clinician should 
always elicit this detailed history. 

The definitive diagnosis is made from isolation of the virus in culture from clini
cal specimens. This method not only provides the definitive diagnosis, but the viral 
isolate is now available for further testing, including pathogenicity, antiviral resis
tance, and DNA sequencing and analysis. Alternatively, antibody testing can be per
formed, with a standard four-fold titer increase to the specific subtype of avian 
influenza virus. Neutralizing antibody titer assays for H5, H7 and H9 are performed 
by a microneutralizaiton technique. Western blot analysis with recombinant H5 is 
the confirmatory test for any positive microneutralization assay. More recently, rapid 
diagnosis can be performed with reverse transcription-polymerase chain reaction 
on clinical samples with primers specific for the viral subtype [37]. This test should 
only be performed on patients meeting the case definition and with an indirect 
immunoflorescence or enzyme immunoassay test confirming influenza A. 

Any suspected case of avian influenza in a human should be investigated by the 
public health officials in the province or country of origin [38]. Additionally, gov
ernmental laboratories are often equipped with the appropriate biolevel safety 3 lab
oratories, primer libraries, and associated expertise to confirm the diagnosis quickly 
and efficiently. Any clinical specimens should be submitted with the assistance of 
the public health experts 

I Treatment 

Treatment of avian influenza infections in humans includes antiviral therapy, sup
portive care, and adjunctive therapies [39-43]. Controlled cHnical trials on the effi
cacy of antivirals (neuraminidase inhibitors), supportive therapy, or adjuvant care 
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have never been performed, so current recommendations stem from the experiences 
of past avian influenza outbreaks and animal models. 

The adamantanes (rimantadine and amantadine) and neuraminidase inhibitors 
(oseltamivir and zanamivir) are the antivirals used for treatment and prophylaxis of 
influenza infections in humans [42]. Adamantanes bind to the M2 protein on the 
viral capsule, inhibiting dissociation of the matrix proteins from the nucleocapsid 
during viral uncoating. In avian influenza virus infections, adamantanes have no 
role due to widespread resistance. HPAI H5N1 isolated from Southeast Asia carried 
the mutation in M2 that conferred resistance to this group of antivirals. In fact, over 
90% of isolates of HI and H3 human subtypes during seasonal influenza have had 
resistance to the adamantanes, thereby limiting their use in seasonal epidemics with 
human subtypes. Their role has been limited now to prophylaxis in the community 
when the circulating strain is known to be susceptible to the adamantanes. 

Neuraminidase inhibitors (oseltamivir and zanamivir) have been extensively 
studied for both treatment and prophylaxis in the human influenza A subtypes, HI, 
H2, and H3, as well as influenza B [40, 42]. In avian influenza, the efficacy has been 
well documented in animal models where improved survival has been seen after 
infection with HPAI H5N1. The timing of treatment is paramount, as earlier therapy 
is directly related to improved survival. The greatest level of protection was seen if 
the neuraminidase inhibitors were started within 48 hours of infection, and protec
tion rapidly dropped after 60 hours. In HPAI H5N1 cases from Southeast Asia, sur
vival appeared to be improved in patients who received oseltamavir earlier at 4.5 
days compared to 9 days. Both of these times are much longer than documented in 
the animal models, so the window of optimal therapy is largely unknown. Addition
ally, therapy with oseltamivir has been shown to decrease the viral level in nasal 
secretion in patients infected with HPAI H5N1. For oseltamavir, therapy has been at 
75 mg twice daily, with 75 mg once daily reserved for prophylaxis. The drug has a 
90 % oral bioavaflability and reaches significant plasma and broncho alveolar lining 
fluid levels. Zanamivir is available in a dry powder inhalation at 10 mg twice daily 
for treatment and 10 mg daily for prophylaxis. Zanamivir has not been used in 
human avian influenza cases, and some concern exists over treatment with an inha
lation powder as plasma levels are significantly lower than with oseltamivir. 

Neuraminidase inhibitor resistance has been documented in HPAI H5N1 subtype 
in a Vietnamese girl treated with 75 mg daily for 4 days for post-exposure prophy
laxis [44]. The NA glycoprotein had a histadine to tyrosine substitution at position 
274, conveying markedly higher IC 50 for oseltamivir. Zanamivir resistance was not 
found with this change [39, 41], Neuraminidase resistance has not been documented 
in other HPAI H5N1 cases to date. 

Combination therapy has not been studied in influenza A viruses. Ribaviron by 
inhalation has been evaluated in vitro with some avian influenza A subtypes and has 
been found to reduce mortality from influenza B in a mouse model. Further animal 
model studies are indicated to determine if there is a role for ribaviron or combina
tion therapy with avian influenza A viruses [42]. 

Supportive care with i.v. rehydration, mechanical ventilation, vasopressor therapy, 
and renal replacement therapy are required if MOF and ARDS are a feature of dis
ease [43]. Due to the progression of pneumonia to ARDS, non-invasive ventilation is 
not recommended, and early intubation may be beneficial before overt respiratory 
failure ensues. Corticosteroids have been used in some patients with HPAI H5N1, 
but no definitive role for steroids has been determined. Other immunomodulatory 
therapy has not been reported. 
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I Vaccination 

Human vaccination for avian influenza viruses has not been widely used, although 
multiple vaccination trials are underway. Prior avian vaccines in humans have been 
poorly immunogenic and thus have limited use [45-48]. An inactivated H5N3 has 
been tested and was tolerated but with Hmited immunogenicity [45], Other H5 vac
cines have developed neutralizing antibodies, but to a limited degree. Recently, a 
large randomized trial looked at an H5N1 attenuated vaccine from the Vietnam 
strain. Only a modest immunologic response was seen, with microneutralization 
antibodies being developed at 12 times the dose for seasonal influenza. The side 
effects were minimal. A number of other industry trials with adjuvent vaccines are 
currently ongoing. Sandofi-Adventis has recently reported success with a H5N1 
attenuated vaccine at low doses, but the results have not been released thus far. 
Although promising, human vaccination against avian influenza viruses is still 
under development. Underscoring this development is the uncertainty of a pan
demic strain, which may have vastly different antigenic properties of any developed 
H5 vaccine. 

I Infection Control and Preventative Measures 

Health care infection control is a crucial component in the management of avian 
influenza infection or a new pandemic strain. Experience with the severe acute 
respiratory syndrome (SARS) outbreak in 2002 has illustrated that appropriate infec
tion control measures are paramount to reducing spread to health care workers and 
possibly the community [49]. Therefore, the World Health Organization (WHO) and 
Centers for Disease Control and Prevention (CDC) recommend contact and airborne 
precautions for any initial suspected case of avian influenza in a human. In late 
October 2006, the CDC released an updated interim guidance on the use of masks 
and respirators in the health care setting (Table 3). In certain high risk procedures, 
additional protection with an N-95 particulate respirator may be considered given 
the likelihood of generating aerosol particles that may enhance transmission (Table 
4). Respiratory protection should be worn along with an impermeable gown, face 
shield, and gloves. Initial cases should be placed in a negative pressure isolation 
room with 6-12 air changes per hour. Hand hygiene with antibacterial soap or alco
hol based washless gel should be standard, with appropriate basins at each patient 
room. Seasonal vaccination of all health care workers should be preformed and 
emphasized to reduce spread. Visitors and family members should be strictly moni
tored and limited to reduce the likelihood of spread. Finally, antiviral chemoprophy-
laxis should be available to any health care workers with exposure to an infected 

Table 3. masks and respira
tors for health care workers 

Prt^ecfloii 
Dtspo^Wf 
Fit teeing 
Power sourte 
Stodci^lmg 
Cost 

Drt^ptet 
¥e 
No 

m 
Yes 
Very low 

Aero^l 
Yes 
Yea# 
No 
Yes 
Low 

to'Q^i 
RHer only 
Yearly 
No 
No 
High 

Aeroso! 
No 
Yearly 
Battery 
No 
Very high 
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^:H''\^^-'~- ̂ ''•'' 4-^i;tK^5-iv^' Table 4. High risk aerosol procedures in avian 
%ML k.Mi:Sixi^&^^i^^i^Mi^'£i '--if influenza 

Nebulteatlon of m^lcatloii 
iRdotrachlal iitybation 
Non-irwasiw mech»iicat ventilation 
8fo«dio^30py 
Humkiified o x ^ n delivery 
f^rv-rebreather ma^ vwthout expiratory filter 

individual. Any symptomatic worker should be taken off duty and workplace sur
veillance should occur. With these aggressive measures, risk to the health care 
worker, patients, and family members will be reduced. 

I Conclusion 

Avian influenza viruses have occurred with increased incidence within the human 
population, reflecting the delicate and tangled interaction between wildlife, domesti
cated animals, and humans. Disease in humans can be limited to conjunctivitis or 
an influenza-like illness, but HPAI H5N1 causes mainly severe pneumonia, respira
tory failure, and death. Most cases have occurred with direct transmission from 
infected poultry or waterfowl, with only a few limited cases of human to human 
transmission. Treatment has been successful with the neuraminidase inhibitors if 
started early, and vaccine development is underway with a more immunogenic 
attenuated H5N1 virus preparation. Infection control measures are the mainstay for 
prevention and disease reduction. Avian influenza viruses may constitute part of the 
next pandemic, so appropriate knowledge, prevention, and treatment will reduce the 
likelihood of this occurrence. 
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