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ABSTRACT

In March 2009, Mexico reported a large outbreak of influenza with multiple deaths.  The first

case of novel swine-origin influenza A (H1N1) virus (S-OIV) was later identified on April 15, 2009 in the

United States.  Since the World Health Organization declared a pandemic of S-0IV on June 11, 2009, the

virus has continued to spread rapidly.  At that time, about 70 countries had reported cases of S-OIV infection,

and there were ongoing outbreaks in multiple parts of the world.  At present, this number has nearly doubled.

Thailand reported the first case of S-OIV infection on May 12, 2009.  In responding to the pandemic,

Thailand is committed to control the spread of S-OIV infection and to reduce the morbidity and mortality.

This article provides background knowledge, recent updates, and practical aspects of influenza for clinicians

who may be involved in patients who develop illnesses compatible with S-0IV infection.  (J Infect Dis

Antimicrob Agents 2009;26:115-32.)
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INTRODUCTION

Influenza virus infections are the most important

causes of medically attended acute respiratory illness.1,2

Their impact is universal, affecting individuals of all age

groups in all parts of the world, including both temperate

and tropical climates.3  Epidemics of influenza occur

annually.  Although they vary considerably in severity

and intensity, the peak of acute respiratory illness

causing individuals to seek medical care always

coincides with the peak of influenza activity.  The major

factor responsible for the recurring nature of influenza

epidemics is antigenic variation of the surface

glycoprotein of the influenza viruses.

On April 15 and 17, 2009, novel swine-origin

influenza A (H1N1) virus (S-OIV) was identified in

the specimens obtained from two epidemiologically

unlinked patients in the United States.  The same strain

of the virus was identified in Mexico, Canada, and

elsewhere.4-6  The virus spreaded very rapidly from

human-to-human, causing the World Health
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Organization (WHO) to declare a worldwide

pandemic, indicating uncontained community-level

transmission of the S-0IV in multiple parts of the world

and raise its pandemic alert to level 5 of 6.7  This

virus has been notified as the first influenza pandemic

of the twenty-first century.  Worldwide transmission

is likely to persist and might increase in the northern

hemisphere during the fall and winter.8

Virology of influenza

Influenza is a contagious disease caused by an

RNA virus.  It poses both a global infectious disease

threat and an annual public health problem.  Influenza

virus primarily infects the respiratory system (nose,

throat, and lungs).  The disease can cause severe

illness leading to life-threatening complications

including pneumonia in many individuals.

While there are three types of influenza viruses

including types A, B, and C, only influenza types A

and B are the two types of influenza viruses that cause

epidemic human disease.  Types B and C viruses are

limited to humans, whereas type A viruses can cause

severe disease in humans and affect more species.

Influenza A viruses are categorized into subtypes

on the basis of the two surface antigens including

hemagglutinin (HA) and neuraminidase (NA).

Hemagglutinin allows the virus to attach to host cells,

while neuraminidase allows the virus to bud from the

infected cells, and then to continually infect more cells.

There are 16 known hemagglutinin and 9 known

neuraminidase subtypes of influenza A.  Each

hemagglutinin subtype is named using an “H” plus a

number, such as type H1, H2, and so on.  In the same

way, each neuraminidase subtype is named with an “N”

plus a number, such as type N1, N2, and so on. Many

different combinations of HA and NA proteins are

possible.

Influenza viruses infect a number of animal

species, including birds and mammals.  An individual can

be infected by influenza A and B viruses.  Therefore, a

combination of influenza A and B viruses is included

in the annual influenza vaccine.  Influenza A viruses

circulate in wild birds and infect both wild and

domesticated birds.  Wild birds are  primary source

for influenza A viruses that infect other species.

The influenza virus undergoes mutations, or

changes, frequently, so the virus is constantly

changing.  There are two main mechanisms for

these changes to occur including antigenic drift and

shift (Table 1).
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Table 1.  A comparison of  two types of influenza virus mutation.

HA: hemagglutinin, NA: neuraminidase



Vol. 26  No. 3   117Influenza:- Nagachinta T, et al.

  117

Antigenic “DRIFT” is a process of small

changes, called point mutations, that occur during the

normal virus replication process.  These changes do

not change the virus subtype but are just enough so

that people do not have immunity to it after the changes

occur.  Antigenic drift results in a minor change to the

shape of the virus surface proteins which allow

influenza viruses to change slightly and re-infect

people repeatedly.  It is the reason why virus strains

in the vaccine must be updated each year.

Much more rarely, the H and N proteins change

altogether.  When this major change occurs it is called

antigenic “SHIFT” and it results in the introduction of

a new influenza subtype into the human population.

Antigenic shift can occur by two possible mechanisms

including:

 1. In the first possible mechanism, influenza A

viruses of the two different subtypes simultaneously

infect the same host cell, allowing “reassortment”

or exchange of viral RNA segments in the host

cell, resulting in a virus that contains genes from

both subtypes.  For example, pigs have been

considered effective “mixing vessels” because they

contain receptors for both avian and human viruses.

Pigs may be infected by human and avian influenza

A viruses at the same time, and a new “reassorted”

virus may emerge and contains genetic material

from both original viruses.  If such a virus was to

infect people and to spread easily, the human

population would be completely susceptible and

therefore unprotected against the new subtype.

This mechanism likely created the viruses that were

responsible for the pandemics of 1957 (H2N2) and

1968 (H3N2).9

2. The second possible mechanism for antigenic

shift is a direct transmission of influenza virus from

birds or other animal species to humans.  The virus

then evolves to adapt to the new human host.  Direct

infections of humans with avian influenza viruses

of A subtypes have occurred in the past decade

(such as the recent infections associated with

H5N1), but no sustained human-to-human

transmission of avian influenza A viruses has

occurred.  There is also strong evidence that the

1918 pandemic resulted from direct transmission

of influenza virus from avian species.9

Triple-reassortant swine influenza viruses, which

contained genes from human, swine, and avian influenza

A viruses, have been identified in swine in the United

States since1998.10  A sporadic infection with triple-

reassortant swine influenza A (H1) virus was reported

in individuals with exposure to pigs in the United States

since 2005.11  It may be plausible that the pandemic

S-0IV influenza currently circulated is due to a triple-

reassortant swine influenza A (H1) virus.

All influenza A viruses contain eight genes that

encode the following proteins including polymerases

PA, PB1, PB2; HA; NA; nuclear protein (NP); matrix

proteins (M); and nonstructural proteins (NSs).  The

genes of the 1918 human and swine H1N1 and the

1979 H1N1 influenza A viruses were all recently

descended from avian influenza A genes, and some

genes have been presented to the pandemic human

H1N1 strain.  The novel S-0IV virus associated with

the current S-0IV pandemic is a fourth-generation

descendant of the 1918 virus.12  All pandemic S-0IV

analyzed to date are antigenetically and genetically

similar.

Epidemiology of influenza

The influenza virus is transmitted easily from

human-to-human via droplets and small particles

produced when infected people cough or sneeze.

Influenza A viruses can cause both epidemic and
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pandemic.  An epidemic is an outbreak of influenza

confined to one location, such as a city, town, or

country.  In a given community, epidemics of influenza

A virus infection have a characteristic pattern.  In

temperate climates in either the northern or southern

hemisphere, epidemics occur almost exclusively in the

winter months (generally October to April in the

northern hemisphere, and May to September in the

southern hemisphere), whereas influenza may be

observed all year round in the tropics.

Pandemics are severe outbreaks that rapidly

progress to involve all parts of the world, and

associated with the emergence of a new virus to which

the overall population possesses no immunity.  The

characteristics of pandemic include an extremely rapid

transmission with concurrent outbreaks throughout

the globe, the occurrence of disease outside the usual

seasonality including during the summer months,

high attack rates in all age groups with high levels of

mortality particularly in healthy young adults.  The

interval between both pandemics is quite variable and

unpredictable.13  In the 2009 revision of the pandemic

phase descriptions, the WHO has retained the use of

six-leveled approach for easy incorporation of new

recommendations and approaches into existing

national preparedness and response plans.  The

grouping and description have been revised to make

them easier to understand, more precise, and based

upon observable phenomena.  The levels 1, 2, and 3

correlate with preparedness, including capacity

development and response planning activities, while

the levels 4, 5, and 6 clearly signal the need for

response and mitigation efforts.  Furthermore, periods

after the first pandemic wave are elaborated to

facilitate post pandemic recovery activities.  The

current WHO level of S-0IV pandemic alert is the

level 6.

While seasonal influenza occurs every year,

pandemic influenza rarely occurs.  Previous pandemics

have caused a great number of deaths worldwide.  The

1918-1919 pandemic, often referred to as the Spanish

influenza was caused by the H1N1 strain.  It caused

approximately 40 million deaths worldwide.  The 1957-

1958 pandemic, or Asian influenza was caused by the

H2N2 strain and caused about 1-2 million deaths

worldwide.  In 1968-1969, Hong Kong influenza caused

by the H3N2 strain, caused about 700,000 deaths

worldwide.  While the population usually has some

immunity built up from previous exposures to seasonal

influenza, the human population lacks any immunity to

pandemic influenza strains.

The new influenza A subtypes have the potential

to cause a pandemic when they are able to cause human

illness and demonstrate efficient human-to-human

transmission and little or no previously existing immunity

has been identified among humans.14  Novel S-0IV is

not a new subtype, but because the large majority of

humans appear to have no preexisting antibody to key

novel S-0IV hemagglutinin epitopes, substantial

potential exists for widespread infection.15

Influenza circulates worldwide and can affect

anybody in any age group.  In seasonal influenza

epidemics, infants and the elderly are most at risk of

illness and complications.  But during an influenza

pandemic, even healthy, young people are at increased

risk for serious complications.

Laboratory surveillance of influenza is maintained

by a network of laboratories coordinated by WHO.16,17

Member laboratories submit recent influenza isolates

to the three Collaborating Centers for influenza

including one located at the Centers for Disease Control

and Prevention (CDC) in Atlanta that is designated as

the WHO Collaborating Center for Surveillance,

Epidemiology and Control of Influenza.  The other two
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in London and Melbourne are designated as the WHO

Collaborating Centers for Reference and Research on

Influenza, where important work of systematically

testing isolates for antigenic novelty is conducted.  All

laboratory-confirmed cases of current S-0IV pandemic

as officially reported to the WHO by States Parties

are shown in Table 2 and Figure 1.

Clinical manifestations of influenza (Table 3)

Influenza viral infection affects mainly the

respiratory system including the nose, throat, bronchus,

and occasionally the lungs.  Infection usually lasts for

about a week.  The incubation period, the time period

from exposure to the onset of symptoms, for influenza
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Table 2. Laboratory-confirmed cases of 2009 S-0IV pandemic as officially reported to the World

Health Organization by States Parties to the IHR (2005) as of November 22, 2009.

*Given that countries are no longer required to test and report individual cases, the number of cases

reported actually understates the real number of cases.

**The total number of cases are no longer reported from these regions.

is fairly short, between 1 and 5 days.  The short

incubation period makes influenza outbreaks difficult

to control.  The spectrum of illness associated with

influenza virus infection ranges from inapparent

infection to fulminant, fatal pneumonia.  The severity

of illness may depend on the previous experience with

antigenically related variants.  When a large proportion

of the population has at least partial immunity, about 20

percent of infections will be inapparent, and about 30

percent will be manifested only by signs and symptoms

of the upper respiratory tract involvement without

fever.18

Typical uncomplicated influenza often begins

with an abrupt onset of symptoms after an incubation
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Figure 1. Laboratory-confirmed accumulative cases and number of deaths of 2009 S-0IV pandemic as officially

reported to WHO by States Parties to the IHR (2005) since July 22, 2009. (http://gamapserver.who.int/h1n1/

cases-deaths/h1n1_casesdeaths.html)

period of 1-2 days.  Many patients can pinpoint the

hour of onset.19,20  Initially, the systemic symptoms

including feverishness, chilliness or frank shaking chills,

headache, myalgia, malaise, and anorexia, predominate.

Myalgia or headache is usually the most troublesome.

Respiratory symptoms particularly a dry cough, severe

pharyngeal pain, and nasal obstruction and discharge

are usually present at the onset of the illness but are

overshadowed by the systemic symptoms.  The

predominance of systemic symptoms is a major feature

distinguishing influenza from other viral upper

respiratory infections.  Hoarseness, sore throat, and

cough may also be present, but these symptoms tend

to appear as systemic symptoms diminish, and thus

become more prominent as the disease progress,

persisting 3-4 days after the fever subsides.  Older

adults may simply present with high fever, lassitude,

and confusion without the characteristic respiratory

complaints, which may not occur at all.  Fever is the

most important physical finding.  Typically, the duration

of fever is 3 days, but it may last 4-8 days.  Influenza

attack rates are higher in children than in adults.21,22

Regarding complications of seasonal influenza,

two manifestations of pneumonia associated with

influenza are well recognized: primary influenza viral

pneumonia and secondary bacterial infection.  The
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syndrome of primary influenza pneumonia was first well

documented in the 1957-1958 influenza outbreak.23,24

However, it is clear that many deaths of young healthy

adults in the 1918-1919 outbreak were the result of this

syndrome.  In outbreaks since 1918, primary influenza

viral pneumonia has occurred predominantly among

individuals with cardiovascular disease, especially

rheumatic heart disease with mitral stenosis, and to a

lesser extent in others with chronic cardiovascular and

pulmonary diseases.  The illness begins with a typical

onset of influenza, followed by a rapid progression of

fever, cough, dyspnea, and cyanosis.  Physical

examination and chest radiogram reveal bilateral

abnormalities consistent with the adult respiratory

Table 3. Age, hospitalization rate, clinical features, oseltamivir treatment, and fatality of cases reported to the World

Health Organization from the United States, Canada, and the United Kingdom.7

NA: not applicable
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disease syndrome but usually without consolidation

signs.  Blood gas studies show marked hypoxia.  Gram’s

stain of the sputum fails to reveal significant bacteria,

and bacteria culture yields sparse growth of normal

flora, whereas viral cultures yield high titers of

influenza A virus.  Such patients do not respond to

antibiotics, and the mortality is high.

Secondary bacterial pneumonia often produces

a syndrome that is clinically indistinguishable from that

occurring in the absence of influenza.25,26  The patients

(most often older adults or those with chronic

pulmonary, cardiac, and metabolic or other diseases)

have a classic influenza illness, followed by a period of

improvement lasting usually 4-14 days.  Recrudescence

of fever is associated with symptoms and signs of

bacterial pneumonia including cough, sputum

production, consolidation signs, and alveolar infiltration

on chest radiogram.  Gram’s stain and culture of the

sputum reveal a predominance of bacterial pathogen

most often Streptococcus pneumoniae or Hae-

mophilus influenzae and notably, an increased

frequency of Staphylococcus aureus.  These patients

usually respond to specific antibiotic therapy.27,28

In children, pneumonoia may occur, but it is less

common than adults.  Bronchitis may also occur as a

result of influenza A or B virus infection, but respiratory

syncytial virus and parainfluenza virus type 3 are more

important causes of bronchitis.  Influenza has been

noted to cause severe disease with an increased

incidence of pneumonia in immunosuppressed children

with cancer, compared to age-matched individuals

without immunosuppression.29  In patients with HIV

infection, influenza has not been recognized as a major

clinical problem, although disease of greater severity

has been noted in some patients.30

The study finding of pneumonia patients

confirmed with S-OIV infection revealed that S-OIV

infection can cause severe illness, the acute respiratory

distress syndrome, and death in previously healthy

individuals who are young to mid-aged.  Although risk

factors for severe S-OIV illness are still unknown, one

possible contributing factor to death could be due to

delayed hospitalization and delayed initiation of

antiviral.31

Most patients infected with influenza virus

recover within one to two weeks without requiring

medical treatment.  However, in the very young, the

elderly, and those with other serious medical conditions,

infection can lead to severe complications of the

underlying condition, pneumonia, and death.

Among 187 mortality cases reported by the

Bureau of Epidemiology (BOE), Ministry of Public

Health, Thailand, 35 percent were classified as “healthy

individuals who had no underlying diseases prior to

hospitalization, 19 percent were obese, 10 percent had

diabetes, 6 percent were pregnant women, and 6 percent

had chronic lung diseases.

Diagnosis of influenza

The WHO recommended that uncomplicated

influenza can be diagnosed based on signs and

symptoms presented by suspected patients when

influenza virus is known to be circulating in a

community.  All patients should be advised to return to

their health-care provider for follow-up if they develop

signs or symptoms of progressive disease.

Signs of progressive illness can include:

1. Persistent high fever beyond 3 days

2. Shortness of breath or difficulty in breathing, or

turning blue

3. Bloody or colored sputum, chest pain or low blood

pressure

4. Fast or labored breathing (in paediatric patients)

5. Drowsiness, confusion, or severe weakness



Vol. 26  No. 3   123Influenza:- Nagachinta T, et al.

  123

6. Dehydration, which can cause dizziness,

decreased urine output or lethargy.

Diagnostic testing to confirm the pandemic virus

should be prioritized for patients at higher risk for severe

illness.  However, clinicians should not delay the

treatment of a patient with symptoms of influenza-like

illness before obtaining the laboratory results.

Virus isolation or detection of viral antigen in

respiratory secretions is the technique of greatest utility

in the setting of acute illness.  Virus can be isolated

from the nasal swab specimens, throat swab specimens,

nasal washes, or the combined nose and throat swab

specimens.  Virus can also be isolated from the sputum

specimens, if they are being produced.  Specimens for

influenza are inoculated onto the rhesus monkey kidney,

cynomolgus monkey kidney, or Madin-Darby canine

kidney cell cultures, where virus is detected by

cytopathic effect or hemadsorption test.  Less

commonly, embryonated egg can be used for virus

isolation.  Over 90 percent of positive cultures can be

detected within 3 days of inoculation32 and the

remainder by 5 to 7 days.

A variety of techniques have been employed to

speed up diagnosis using rapid testing kits.  The most

widely used tests are based on immunologic detection

of viral antigen in the respiratory secretions.  For

influenza, such tests include the Directigen Flu A+B

(Becton-Dickenson), FLU OIA (BioStar), and

QuickVue Influenza A+B test (Quidel Corporation).  All

of these tests are designed to detect both influenza A

and B viruses, are relatively simple to perform, and

can provide results within 30 minutes.  The reported

sensitivities of each test in comparison to cell culture

have ranged from 40 to 80 percent, depending on the

nature of the specimens tested and the patients whom

they were derived.33-36  Recently, an evaluation of rapid

influenza diagnostic tests for detection of novel S-0IV

for their ability to detect viral antigens in the respiratory

clinical specimens indicated the overall low sensitivity

(ranged from 40 to 69%) and declined substantially as

the amount of virus decreased.37  Reported specificities

have ranged from 85 percent to 100 percent.  Therefore,

patients with illnesses compatible with novel S-0IV

infection but with negative rapid influenza diagnostic

test results should be treated empirically based on the

level of clinical suspicion, underlying medical conditions,

severity of illness, and risk for complications.

A diagnosis can also be made on epidemiologic

grounds.  That is, when the presence of influenza virus

is confirmed in a region or community, healthy adults

with acute influenza-like illness most commonly have

influenza.  Several studies have shown that the

accuracy of a clinical diagnosis in healthy adults in the

setting of an influenza outbreak is as high as 80 to 90

percent.38,39

Since the first confirmed case of S-0IV was

reported to Ministry of Public Health of Thailand in

May 2009, the ministry has set up a public health team

to review all reported cases and deaths.  Another

medical expert team has been created to review and

revise the guidelines for treatment of patients who

developed influenza-like illnesses.  The reports obtained

from the Ministry of Public Health indicated that the

majority of clinical cases have uncomplicated influenza-

like illnesses which were resolved without antiviral

treatment.  Among hospitalized patients admitted with

influenza-like illnesses, about two to eight percent of

them were confirmed to be positive for influenza A

H1N1, with a case fatality rate of 0.4 percent.  Among

laboratory-confirmed cases, the median age was 15

years old.  However, 58 percent of the fatal cases were

found to be between the ages of 21 and 50 years.

Regarding the underlying conditions, 70 percent of

hospitalized patients were reported of having the
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following conditions including pregnant, obesity,

diabetes, chronic obstructive pulmonary disease,

asthma, chronic renal failure, coronary heart diseases,

and carcinoma.  About 72 percent of 130 fatal cases

had comorbidity with one of those underlying conditions.

Although it has just been only 8 months after the

first case of novel S-0IV was identified, it seems

unlikely that this pandemic will lead to widespread of

severe illness and deaths.  However, this may be just

the first wave of the pandemic that will need to be

monitored carefully.  The H1N1 Influenza Center has

been recently established to provide the most up-to-

date information on the outbreak, which includes an

interactive map from HealthMap (http://healthmap.org/

nejm).  This information will be useful to health

professionals as they participate in the control of this

pandemic.40

Impact of influenza

Since influenza is an acute viral infection that

spreads easily from human-to-human, it poses a serious

public health problem that causes severe illnesses and

deaths for higher risk populations.  Influenza epidemics

are regularly associated with excess morbidity and

mortality,41 usually expressed in the form of excess

rates of pneumonia and influenza-associated

hospitalizations and deaths during epidemics.42

Pneumonia and influenza deaths fluctuate

annually in a predictable fashion with peaks in the

winter and troughs in the summer.  Because not all

influenza-related deaths are manifested as pneumonia,

the pneumonia and influenza mortality statistics

probably underestimate the true impact of seasonal

influenza on the population.  Influenza is usually

associated with a U-shape epidemic curve.  An attack

rate is usually highest in the young, whereas the

mortality is generally highest among older adults.20

Seasonal influenza epidemics impose a substantial

health burden on all age groups, but the highest risk of

complications occur among children of less than 2 years,

adults of older than 64 years, and persons of any age

with certain medical conditions including chronic

cardiovascular, pulmonary, renal, hepatic, hematologic,

or metabolic diseases; immunosuppression; pregnancy;

and neurologic/neuromuscular conditions causing

compromise respiratory function.  Secondary

complications of influenza include bacterial pneumonia,

including coinfection with methicillin-resistant and

methicillin-susceptible S. aureus pneumonia, viral

pneumonia, worsening of underlying conditions, febrile

seizures, encephalitis/encephalopathy, myositis, multiple

organ failure, pulmonary emboli and adult respiratory

distress syndrome, and Reye syndrome in association

with use of salicylates in children.43

Influenza pandemic can take an economic toll

through lost of workforce productivities and strain

health care services.

Prevention and control of influenza

Protecting yourself and others against infection

by seasonal influenza is important to help everyone

stay as healthy as possible and to reduce high rates

of illness and mortality that occur annually because

of influenza.  Some basic steps to take are 1) get

vaccinated, 2) practice good personal hygiene,

especially frequent hand washing and wearing

mask, 3) stay home if you are sick, and 4) keep

informed about influenza outbreaks.  The United States

CDC recommends that people with influenza-like

illness remain at home until at least 24 hours after

they are free of fever (100°F or 37.80°C), or signs of a

fever without the use of fever-reducing medications.

(http://www.cdc.gov/h1n1flu/guidance/exclusion.htm)

At present, S-0IV influenza is now so wide-



Vol. 26  No. 3   125Influenza:- Nagachinta T, et al.

  125

spread that the WHO has stopped counting individual

cases.  Health experts are afraid it could worsen,

especially when the northern hemisphere’s influenza

season starts in the autumn.  The total number of

individuals infected with H1N1 flu is not known, and

countries are no longer testing and reporting each

individual case of a person falling ill.  The total number

of laboratory-confirmed cases is really only a subset

of the total number of cases.  The WHO has

suggested that more emphasis should be placed on

preventing infection and treating the most serious

cases to avoid unnecessary death.

Influenza vaccine

The most effective measure available for the

prevention and control of influenza and influenza-

related complications is the annual administration of

inactivated or live-attenuated influenza vaccine.  The

efficiency of vaccine production has been improved

through the development of techniques to create

high-yield reassortant strains adapted to grow in

high yield from hens’ eggs.44  The current each

vaccine is generally formulated  as a trivalent

preparation containing one strain of influenza A

(H1N1) virus, influenza A (H3N2) virus, and

influenza B virus thought to be most likely to cause

disease in the upcoming season on the basis of

epidemiologic and antigenic analysis of currently

circulating strains.  The viruses in the vaccine

change each year based on international surveillance

and scientists’ estimations about which types and

strains of viruses will circulate in a given year.  About

two weeks after vaccination, antibodies that provide

protection against influenza virus infection develop

in the body.

Influenza vaccine is generally well tolerated in

adults.  Systemic reactions including malaise, flulike

illness, and fever are relatively uncommon.  Severe,

life-threatening, immediate hypersensitivity reactions to

parenteral inactivated vaccine are rarely reported.

However, hypersensitivity to hens’ eggs, in which the

vaccine virus is grown, is a contraindication to

vaccination.  During the 1976 National Immunization

Program against swine influenza, 45 million individuals

received influenza vaccine.  In the first 4 to 6 weeks

after vaccination, the incidence of Guillain-Barrel

syndrome (GBS) among vaccinees exceeded those

persons who did not receive the vaccine.  The estimated

risk of acquiring GBS during that vaccination program

was 1 in 100,000 vaccinations; the mortality for those

with GBS was 5 percent, and another 5 percent to 10

percent had some residual neurologic abnormalities.45

Increases in hemagglutination inhibition (HAI)

antibody are noted in about 90 percent of healthy adult

recipients of seasonal influenza vaccine.  Only single

dose of vaccine is required in individuals who were

previously vaccinated or who experienced prior infection

with a related subtype, but a two-dose schedule may

be required in unprimed individuals.46,47  Serum

antibodies peak between 2 and 4 months after

vaccination but fall quickly, reaching near baseline

before the next influenza season.48  Groups of adults

with potentially decreased responses to inactivated

influenza vaccine include older adults, individuals on

immunosuppressive therapy, those with renal disease,

and some transplant recipients.

Live-attenuated influenza vaccine for use in

humans, the cold-adapted influenza vaccine-trivalent,

was first licensed for use in the Unites States.  The

use of live-attenuated viruses as influenza vaccines

offers several potential advantages over parenteral

inactivated vaccines, including induction of a mucosal

immune response that closely mimics the response

induced by natural influenza virus infection.49  In
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addition, the use of nasal, rather than the parenteral,

route of administration might be more acceptable to

patients, particularly in certain age groups.

Trivalent inactivated influenza vaccine (TIV) can

be used for individuals of older than 6 months, including

those with high-risk conditions.  Live-attenuated

influenza vaccine (LAIV) may be used in healthy, non-

pregnant individuals aged between 2 to 49 years.  No

preference is indicated for live-attenuated influenza

vaccine when considering vaccination of healthy, non-

pregnant individuals aged 2 to 49 years.  Each year, the

Advisory Committee on Immunization Practices (ACIP)

provides general, annual updates information regarding

control and prevention of influenza.50

Although influenza vaccination is the most

effective strategy for preventing influenza and

influenza-like complications, current seasonal

influenza vaccines are not likely to provide protection

against novel S-0IV.51  Specific vaccines against the

novel S-0IV are being manufactured.  Five

manufacturers are producing novel S-0IV vaccine

in the United States including Sanofi Pasteur,

Novartis, GlaxoSmithKline, Medimmune, and CSL

Biotherapies.  Distribution of the first lot of licensed

S-0IV vaccine in the United States became available

in mid-October, although in a small volume.  Licensed

S-0IV vaccine is expected to be more available in

early 2010.

The CDC has recommended pregnant women,

individuals who live with or provide care for infants

aged <6 months, health-care and emergency medical

services personnel, children and young adults aged 6

months-24 years, and individuals aged 25-64 years who

have medical conditions that put them at higher risk for

influenza-related complications are at the front of the

line to get vaccinated.52  The CDC’s Influenza Division

provides influenza surveillance and antiviral resistance

data.  The most updated recommendations were

presented to the full ACIP and approved in February

2009.  A summary of vaccine recommendations for

different groups of person is currently available.  Further

updates, if needed, will be posted at CDC influenza

website (available at http://www.cdc.gov/flu).

Antiviral medications

Antiviral medications are adjunct to vaccination

and are effective when administered as treatment and

when used for chemoprophylaxis after an exposure to

influenza virus.  Four different influenza antiviral drugs

including amantadine, rimantadine, oseltamivir, and

zanamivir are approved by the United States Food and

Drug Administration (FDA) for the treatment of

influenza; three are approved for prophylaxis.  All four

agents have activity against influenza A viruses.

The matrix 2 protein (M2) inhibitors, amantadine

and rimantadine, are active against all strains of

influenza virus in a variety of cell culture systems and

animal models.53  The antiviral activity of these drugs is

the result of inhibition of the M2 ion channel activity of

susceptible viruses.  Both amantadine and rimantadine

are effective in the therapy of experimentally induced

and naturally occurring influenza A.  Amantadine

treatment of H3N2 influenza A during 1968 pandemic

within the first 48 hours of illness was associated with a

decreased duration of fever by about 24 hours.54

Rimantadine treatment results in a significantly more

rapid improvement in small airways dysfunction in

healthy adults with uncomplicated H3N2 influenza.55

Rimantadine has also been evaluated in the treatment of

influenza A in children, and shown to reduce the level of

virus shedding early in infection when compared to

acetaminophen.

The neuraminidase inhibitors, oseltamivir and

zanamivir, act by inhibiting the functioning of the
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influenza virus neuraminidase.  This enzyme cleaves

terminal sialic acid from sialic acid-containing

glycoproteins that serve as host cell receptors for

attachment of influenza viruses.  The destruction of

these receptors by neuraminidase is critical in allowing

newly formed viruses to subsequently aggress from

the cell and spread to other cells.  Among influenza

viruses susceptible to neuraminidase inhibitors are

avian viruses with all nine known neuraminidase

subtypes.  In studies of naturally occurring,

uncomplicated influenza in healthy adults, therapy

with oseltamivir initiated within the first 36 hours of

symptoms resulted in 30 to 40 percent reductions in

the duration of symptoms and severity of illness and

reduced rates of prolonged cough.56,57  Similarly, in

healthy adults, early therapy of uncomplicated

influenza A or B with inhaled zanamivir has been shown

to result in a reduction of approximately 0.8 to 1.5

days in the duration of influenza symptoms, and an

early return to normal activities.  Early treatment of

healthy adults with zanamivir may also reduce the

frequency of complications, with reduction in the use

of antibiotics and in hospitalization.58,59

The WHO states that mild illness continues to

characterize most cases, and basic supportive care

(to relieve aches or fever) is sufficient for most

people.  However, healthcare providers should give

all of their patients guidance on how to recognize

signs of progressive illness, and when to seek medical

attention.

For pregnant women, the WHO advises early

antiviral treatment for suspected or confirmed pandemic

influenza illness.

Infants and very young children (those under 2

years of age), especially those with underlying

conditions, should also be treated with antiviral

medication if warning symptoms arise.

In general, antiviral treatment recommendations are:

1. Patients who have severe or progressive illness

should be treated with antiviral medication as soon

as possible.

2. People with mild symptoms but who are at

higher risk for severe illness (e.g. pregnant

women, infants and young children, and those with

chronic lung problems) should be treated with

antiviral as soon as possible.

3. Antiviral treatment is not necessary for people

have uncomplicated or mild illness and are not in

a high risk group for severe illness.

Mothers who are breastfeeding can continue

breastfeeding while ill and receiving antiviral

treatment.

In hospital settings, healthcare providers should

monitor the oxygen levels closely and supplement

oxygen as needed, following guidelines.  When

pneumonia is present, each patient should be treated

with both antiviral medication and antibiotics as early

as possible.

In healthcare settings where resources are limited,

clinical care should focus on early use of primary

healthcare (by the family doctor or at health clinics, for

example) to determine what type of care or treatment

is necessary for a patient, and to set priorities for who

needs hospital care most urgently.  Healthcare decisions

should be based on signs and symptoms of illness, and

the level of influenza activity in the local area.

Decentralizing stocks of antiviral medications,

even if supplies are limited, is important to reach at-

risk groups and disadvantaged populations.

Drug resistance

Drug resistance has been a factor in limiting the

more widespread use of antiviral agents.  Although

resistant viruses are noted in less than 1 percent of
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unexposed individuals, they emerge fairly frequently in

treated individuals, particularly children.60,61  The

emergence since 2005 of resistance to one or more of

the four licensed antiviral agents among circulating

strains has complicated antiviral treatment and

chemoprophylaxis recommendation.  The CDC has

issued the interim recommendations for antiviral

treatment and chemoprophylaxis of influenza,62 and

these guidelines should be consulted pending issuance

of new recommendations.

Resistance to the M2 inhibitors, amantadine and

rimantadine, is the result of single point mutations in

the membrane-spanning region of the M2 protein, and

it confers complete cross-resistance between

amantadine and rimantadine.  Resistant virus can be

transmitted to, and can cause disease in, susceptible

contacts.63

Resistance to the neuraminidase inhibitors has

been hypothesized to be relatively limited problem since

these agents interact with highly conserved residues

within the influenza virus neuraminidase.  Unfortunately,

resistant virus strains have been infrequently isolated

from immunologically intact individuals treated with

neuraminidase inhibitors in clinical trials.64,65  Analysis

of these viruses has revealed two mechanisms of

resistance including 1) mutations within the catalytic

framework of the NA that abolish binding of the drugs

and 2) mutations in the receptors binding region of

the HA which is resulted in reducing the affinity of

the HA for its receptors and allowing cell-to-cell

spread of virus in the absence of NA activity.66,67

The WHO announced that the first six

oseltamivir-resistant S-0IV strains was detected in

Denmark (1 isolate), Japan (3 isolates), Hong Kong (1

isolate), and Canada (1 isolate).  All except one patient

had previously received oseltamivir and have recovered

well.  All resistant viruses had the characteristic

mutation at position 274/275 associated with resistance.

On August 6, 2009, the CDC detected resistance to

oseltamivir by pyrosequencing viral RNA from clinical

specimens obtained from two immunosuppressed

patients.  The pyrosequencing detected a mutation that

results in a histidine-to-tyrosine substitution at position

275 (H275Y) in the neuraminidase gene, known to be

associated with oseltamivir resistance.  Oseltamivir-

resistant viruses isolated from both patients were

determined to be susceptible to zanamivir by

neuraminidase inhibition assay.  Sequence analysis

showed that oseltamivir resistance was not the result

of gene reassortment with seasonal influenza A (H1N1)

virus.68

Global surveillance of pandemic S-0IV infections

in humans

The approach and methods for global surveillance

vary at different levels of the pandemic.  In countries

with no or very few cases, the main aims of surveillance

remain early detection of the introduction of the virus

using laboratory confirmation of cases and initial risk

assessment.

In countries where the pandemic S-0IV is

established, the main aims of surveillance are

continuous monitoring of the epidemiological, virological

and clinical picture of the pandemic and its impact on

the healthcare infrastructure.  Timely sharing of

information is needed throughout the pandemic to enable

ongoing risk assessment to take place.

Finally, monitoring of avian influenza A viruses

for resistance to influenza antiviral medications is

important.  Ongoing surveillance is essential for both

seasonal influenza and identification of potential

pandemic strains.  In addition, ongoing collaborative

planning among groups helps ensure readiness among

all.  Governments and other organizations around the
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world have been working together to prepare for the

influenza pandemic by early detection of emergence

of novel influenza viruses; rapid intervention to limit

the spread of the viruses; identify high-risk groups for

early treatment; vaccination to prevent and control

spreading of infection; and taking action to coordinate

preparedness.
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