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Introduction

With the emergence of the second wave of the 2009 influ-

enza A (H1N1) virus, there have been concerns that this

pandemic may rival those of 1957, 1968, and even 1918 in

which not thousands, but millions of people around the

world died from the disease (> Table 113.1). WHO is

advising the countries of the northern and southern hemi-

sphere to prepare for a second wave of H1N1 pandemic in

which large numbers of severely ill patients requiring more

and more intensive care infrastructure are likely to be seen,

creating pressures that could overwhelm in hospitals and

intensive care units, and possibly disrupt the provision of

care of other diseases. The newly developedH1N1 vaccine is

expected to reduce the impact of the second wave of H1N1

influenza pandemic in the population, especially, on high

risk groups, with diminished complications, hospitalization

rates, and mortality. On the other hand, previous H1N1

strains have developed antiviral resistance, and this, as well

as mutation to greater virulence, remain concerns for the

future. Past pandemics were characterized by several fea-

tures that have been seen sinceMarch 2009: the rapid spread

of a virus with novel antigenic determinants, a change in

pathogenicity with high death rates in younger age groups,

successive pandemic waves, apparent higher transmissibil-

ity than that of the seasonal influenza,; and differences in

impact in different geographic region. The overall mortality

in the previous century’s three pandemics ranged from

1 million to more than 45 million deaths. In the three

previous influenza pandemics, vaccines were not produced

in time to have any substantial impact. Even though the

technology of vaccine manufacture, produced in embryo-

nated eggs, has changed little since the 1930s, there is some

hope that vaccines will be available to mitigate the force of

later waves of the current epidemic. In addition, several

clinically useful antiviral drugs are now available, although

there are still concerns about development of resistance.
Influenza Virus: Back to Basics

The viruses that cause influenza are influenza A, B, and

C belonging to the family Orthomyxoviridae, which is
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characterized by segmented minus-strand RNA genome.

Influenza A and B viruses’ genomes consist of eight sepa-

rate segments. These include the following: three tran-

scriptases (PB1, PB2, and PA); two surface glycoproteins,

the hemagglutinin (H or HA) and neuramidase (N &NA);

two matrix proteins (M1 and M2); and one nucleocapsid

protein (NP). Epidemic disease is caused by influenza

virus type A and B. Influenza C viruses cause sporadic

mild influenza-like illness in children. The focus of this

chapter will be on influenza A virus, which may infect

humans and birds, and most importantly has the capabil-

ity of developing into pandemic virus. Influenza A virus

has been divided into multiple subtypes, and the natural

host for most of these is various avian species. In addition,

influenza A viruses of a few distinct subtypes have been

isolated from pigs, horses, seals, whales, and human

beings, and the genome of the virus codes for two impor-

tant surface glycoproteins, the hemagglutinin (H or HA)

and the neuraminidase (N or NA), have been identified.

Based on both sequence and antigenic analysis, 16 distinct

H (H1-H16) and 9 distinct N (N1-N9) subtypes are now

recognized in animal and avian influenza viruses, but only

3 H subtypes (H1, H2, andH3) and 2 N subtypes (N1, N2)

have caused extensive outbreaks in human beings. The

influenza virus has a poor ability to proofread its genetic

material while replicating, which results in frequent errors

in progeny genes, and thus frequent mutations. When

such minor changes occur in the H and N proteins, they

result in ‘‘antigenic drift,’’ the slow but significant change

in antigenicity that occurs over time in both influenza

A and influenza B, and that requires periodic changes in

the yearly vaccine. An example of such drift occurred

during the 2003/2004 influenza season when the H3N2

circulating virus developed over 80% drift from the virus

that was used to make one of the three major vaccine

components that year (> Table 113.2). Further, marked

changes in H, with or without similar changes in N,

termed ‘‘antigenic shift’’ occur when new H or N gene

segments are acquired by a process known as

‘‘reassortment.’’ This may take place by the mixing of

genetic segments during dual infection of cells by

a human and an animal virus. When such viruses

containing reassorted gene segments are introduced into
-642-02202-9_113,



. Table 113.1

Influenza pandemic of the twentieth century

Date Strain

Estimate number of

worldwide deaths Comments

1918–1919

(Spanish Flu)

H1N1 Over 50 million ● Three waves: A first, mild wave in the spring of 1918 was replaced by

a second wave in September to November, 1918 that resulted in a mortality

rate over 2.5%. A third wave with equally high mortality rates swept around

the world in 1919

● The virus probably originated from the United States and then spread to

Europe

1957–1958

(Asian Flu)

H2N2 1–1.5 million Two waves: The virus originated in Southern China in February 1957 and

spread over 3 months to Singapore, Hong Kong, and Japan and in October

1957 reached United Kingdom and United States. A second wave was

detected in January 1958

1968–1969

(Hong Kong Flu)

H3N2 3/4 million Two waves in winters of 1968–1969 and 1969–1970. The virus originated

from Hong Kong in July 1968

. Table 113.2

Antigenic drift and shift

Drift Shift

Minor change within subtype Major change, new

subtype

Point mutations Exchange of gene

segments

Occurs in A and B subtypes Occurs in A subtypes

only

May cause epidemics May cause pandemic

Example: A/Fujian (H3N2) replaced

A/Panama (H3N2) in 2003–2004

Example: H3N2

replaced H2N2 in 1968
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a population that has no pre-existing immunity, they may

lead to a pandemic. This happened in 1957 and 1968.

Devastating pandemics take place when populations

are exposed to a new viral subtype in the absence of pre-

existing immunity. The infectious capabilities of a new

virus that emerges in this way through reassortment are

likely to be acquired from one or more of the human

influenza gene segments. Conditions favorable for the

emergence of an antigenic shift (reassortment) involve

humans living in close proximity to domestic poultry

and pigs. Pigs play an important role in interspecies-

transmission of influenza virus. Susceptible pig cells pro-

cess receptors for both avian and human influenza strains,

which allow the pigs to serve as mixing vessels for the
exchange of genetic material between human and avian

viruses, resulting in the appearance of novel subtypes.

Analysis of the 1957 H2N2 pandemic strain found that

the emergent virus resulted from the acquisition by previ-

ously circulating human H1N1 of three new gene seg-

ments of avian origin (the H2 gene, the N2 gene, and

one other). Similarly, the 1968 pandemic H3N2 virus

acquired two new genes from an avian virus closely related

to viruses isolated from ducks in Asia in 1963. In contrast,

the 1918 H1N1 virus appears to have been an avian-like

influenza virus derived from an unknown source. The

currently circulating novel influenza H1N1 viruses that

have been isolated around the globe during 2009 appear

to have originated from two unrelated swine viruses, one

of them a derivative of the 1918 human virus

(> Table 113.3).
Evolution, Zoonotic Transmission, and
Possible Origin of 2009 H1N1 (Swine
Influenza)

The 1918 H1N1 pandemic is believed to have also

affected swine at that time. Its descendents have been

enzootic in pigs up ever since. The first influenza

A isolated from diseased pigs in United States (USA)

was in 1930. These H1N1 swine viruses are called the

classical swine H1N1 viruses and have continued to

circulate in pigs in the Americas, Asia, and, until 1980,

also in Europe, and they remain relatively antigenically

stable. This swine H1N1 subtype has crossed over to
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Evolution of swine Influenza A virus

1918–1919 H1N1 pandemic also affected swine

1930 The first isolation of H1N1 in pigs

1968 H3N2 infect swine in Asia after human

pandemic

1976 Outbreak of new H1N1 swine strain of

A/New Jersey/1976 occurred in military

personnel at Fort Dix, New Jersey

1998 Triple reassortment viruses were

isolated from pigs

1958–2005 37 human swine-origin influenza were

reported

2005–2009 11 sporadic triple reassortment swine

viruses were reported

2009 New strain of H1N1 influenza emerge is

A /California/07/2009

2009-H1N1 113 1211
humans periodically, including the Fort Dix outbreak in

1976, resulting in infections that have been occasionally

fatal, particularly in pregnant or immunocompromised

persons, but not producing human epidemics. More-

over, following the human pandemic of the H3N2

subtype in 1968, H3N2 influenza virus infected pigs,

although such porcine strains have shown less antigenic

drift in swine than in humans. In 1998, H3N2 viruses

with genes derived from human, swine, and avian genes

of North America (‘‘Triple reassortant viruses’’) were

first isolated from pigs in the USA. The triple reassortant

H3N2 viruses also continue to acquire other virus genes

via reassortment to generate triple reassortant H1N2 or

H1N1 viruses. Swine viruses of subtypes H1N1, H1N2,

and H3N2 have been reported to cause occasional

human infection during this time. Between 1958 and

2005, 37 human swine-origin influenzas were reported.

Twenty-two (51%) of these cases reported recent expo-

sure to pigs. The overall fatality rate was 17%. Prior to

the current pandemic, but after December 2005, 11

sporadic cases of triple reassortant H1 viruses were

reported to the Centers for Disease Control and Preven-

tion (CDC) in the USA, 10 carrying H1N1 genes and

1 carrying H1N2 genes. Some of the patients had

close exposure to pigs. Possible limited human-to-

human transmission was reported in several situations.

Genetic analysis of 2009 H1N1 viruses isolated in North

America, Europe, and Asia revealed quadruple

reassortant swine influenza A viruses that have

not been recognized previously in pigs or human.
The virus resulted from the reassortment of North

American H3N2 and H1N2 swine viruses (triple

reassortment viruses: avian/swine/human with Eurasian

swine viruses). Sequence analysis also suggests that

PB2 and PA genes originated from American H3N2

avian virus; a PB1 originated from H3N2; HA, NP, and

NS genes originated from classical swine virus; and NA

and M genes originated from Eurasian swine virus

(> Fig. 113.1). One of the swine genes of this new virus

has been derived from the 1918 human virus, so the

strain causing the 2009 pandemic is a fourth generation

descendant of the 1918 virus. The 2009 H1N1 viruses

are more pathogenic in mammalian models than seasonal

H1N1 viruses, showing the ability to replicate and cause

appreciable pathology in the lungs of mice, ferrets,

and non-human primates. The pathologic changes

seen were similar to those found in the lungs of animals

infected with the highly pathogenic H5N1 avian

influenza virus.
Epidemiology and Impact

Epidemiological data now indicate that 2009 H1N1 influ-

enza virus pandemic started as an outbreak of influenza

like illness in the Mexican town of La Gloria, Veracruse in

mid-February 2009. In mid-April, the Center of Disease

Control (CDC) identified swine origin H1N1 influenza

virus in two specimens, independently collected in south-

ern California. By the end of April, international spread

and human-to-human transmission prompted the WHO

to increase the pandemic alert from Phase 3 to Phase 4 and

shortly after to Phase 5. On June 11, 2009, theWHO raised

its pandemic to the highest level, Phase 6, indicating

widespread community transmission on at least two con-

tinents (> Table 113.4). As of December 6, 2009, more

than 208 countries and overseas territories/communities

have each reported at least one laboratory-confirmed case

of pandemic H1N1 influenza, with a total or more than

622,000 laboratory confirmed cases and at least 9,596

deaths. However, the number of cases reported vastly

underestimates the real number of cases; the WHO ceased

regular reporting of case counts on July 16, 2009, because

many countries were having difficulty tracking their

numbers, and the WHO judged that their time would be

better spent on investigating severe cases and other excep-

tional events. Most patients in the world with 2009 H1N1

have been teenagers and young adults, with rates of hos-

pitalization highest in very young children. Between 1%

and 10%with clinical illness require hospitalization. Over-

all, 7% to 10% of all hospitalized patients are pregnant
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2009 Influenza A (H1N1) virus genotype
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women in their second or third trimester. Of the hospital-

ized patients, 10% to 25% have required admission to

intensive care, and 2–9% have died. Little is known

about the level of pre-existing immunity to the 2009

H1N1 virus. Recent studies suggest that persons under

the age of 30 years have little evidence of protective anti-

bodies. However, a portion of older adults have pre-

existing cross-reactive antibodies, presumably as a result

of exposure to H1N1 strains circulating before 1957.

Transmission of 2009 H1N1 virus from person to person

is similar to that of other influenza viruses. Themain route

of transmission is respiratory through inhalation of large-

particle respiratory droplets, and possibly via droplet

nuclei. Transmission via large-particle droplets requires

close contact because these droplets do not remain

suspended in the air and generally travel only short dis-

tances (less than 2 m). Contact with contaminated
surfaces is another possible source of transmission. All

respiratory secretions and bodily fluids (e.g., fomites,

diarrheal stool) of infected person should be considered

potentially infectious. The secondary attack rates in

households were estimated to be 27.3%, and in school

settings, an infected school child was estimated to infect

2.4 other children within the school. The estimated incu-

bation period could range from 1 to 7 days, but is most

likely 1–4 days. Infected persons can be assumed to be

shedding virus from 1 day prior to illness-onset

until resolution of symptoms (up to 7 days following

illness-onset). Children and immunocompromised or

immunosuppressed persons may be contagious for longer

periods. The amount of virus shed is greatest during the

first 2–3 days of infection and appears to correlate directly

with the height of fever. The 2009 pandemic H1N1 virus is

expected to come in waves, and the middle of the second



2009-H1N1 113 1213
wave is going on. This wave may continue during winter,

or there may be a third wave. As of today no increase of

severity has been seen, and genetic mutations have

been minimal.
Clinical Features

The clinical manifestations can vary from asymptomatic

infection to serious fatal illness that may include exacerba-

tion of other underlying conditions or severe viral pneumo-

niawithmulti-organ failure.TheCenters forDiseaseControl

and Prevention (CDC) defines cases as influenza-like illness

(ILI), if there is a fever of >37.8�C (>100�F) plus cough
and/or sore throat in the absenceof a knowncauseother than

influenza. In theoutbreakof2009H1N1 influenzapandemic

in New York City, 95% of virologically proven cases satisfied

the ILI definition. Fever has been absent in some outpatients

and in, up to one in six surviving hospitalized patients.

Vomiting and or diarrhea have occurred in up to 38% of

outpatients in United States. Young children may have atyp-

ical influenza illness with the absence of fever and cough.
. Table 113.4

World Health Organization pandemic levels

Phase 1 – No viruses circulating among animals have been

reported to cause infections in humans

Phase 2 – An animal influenza virus circulating among

domesticated or wild animals is known to have caused

infection in humans, and is therefore considered a potential

pandemic threat

Phase 3 – An animal or human-animal influenza reassortant

virus has caused sporadic cases or small clusters of disease in

people, but has not resulted in human-to-human

transmission sufficient to sustain community-level

outbreaks. Limited human-to-human transmission may

occur when there is close contact between an infected

person and an unprotected caregiver, but the virus is not

widely transmitted among humans

Phase 4 – Verified human-to-human transmission of an

animal or human-animal influenza reassortant virus able to

cause ‘‘community-level outbreaks.’’ The risk of pandemic is

significantly raised

Phase 5 – Human-to-human spread of the virus into at least

two countries in oneWHO region. The declaration of Phase 5

is a strong signal that a pandemic is imminent

Phase 6 – The pandemic phase is characterized by

community level outbreaks in at least one other country in

a different WHO region in addition to the criteria defined in

Phase 5. A global pandemic is under way
Among 89 children with confirmed H1N1 who required

hospitalization in Birmingham, United Kingdom, the most

common symptoms were fever (81%), cough (73%), and

diarrhea (62%). Infant may present with fever and lethargy.

The CDC case definitions for confirmed, probable, and

suspected cases are in >Table 113.5.

Three categories of clinical presentations have been

seen during the current pandemic:

1. Mild illness is characterized by fever (some patients

had no fever), cough, sore throat, diarrhea, myalgias,

and headache. Other frequent findings have included

chills and malaise. Vomiting and diarrhea have been

reported in some patients, but no shortness of breath,

dyspnea, or severe dehydration.

2. Progressive illness is characterized by mild illness

in addition to signs or symptoms suggesting

a progressive illness which include (> Table 113.6):

(a) Chest pain, tachypnea, or labored breathing in
. T

CDC

Co

cas

Pro

cas

Sus

cas
children

(b) Hypotension

(c) Confusion or altered mental status

(d) Severe dehydration or exacerbations of chronic

conditions (e.g. asthma, cardiovascular conditions)

Severe illness characterized by the following:
3.

(a) Profound hypoxemia, abnormal chest radio-
graph, and mechanical ventilation

(b) Encephalitis or encephalopathy

(c) Shock, multisystem organ failure

(d) Myocarditis and rhabdomyolysis

(e) Invasive secondary bacterial infection (e.g. pneu-

mococcal disease)
able 113.5

: case definition for 2009 H1N1 Influenza virus

nfirmed

e

An individual with an acute febrile respiratory

illness with laboratory confirmed 2009 H1N1

infection by one or more of the following tests:

● Real time reverse-transcription polymerase

(rRT-PCR) or

● Viral culture

bable

e

An individual with influenza like illness (i.e., an

illness with a fever and cough or sore throat )

who is positive for influenza A, but negative

for H1 and H3 by rRT-PCR

pected

e

An individual who does not meet the

definitions of confirmed or probable

pandemic H1N1 influenza A, but has ILI an

epidemiologic link (e.g., likely exposure to

a confirmed or probable case within the past

7 days)
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Clinical signs indicating rapid progression and need for urgent medical care

In adults In children

● Difficult breathing or shortness of breath ● Tachypnea or labored breathing

● Pain or pressure in the chest or abdomen ● Skin color change, gray or blue

● Episodes of sudden dizziness ● Inadequate intake of oral fluids

● Severe or continuous vomiting ● Severe or continuous vomiting

● Influenza-like illness that improves but then returns with

fever and cough

● Influenza-like illness that improves but then returns with

fever and cough

● Confusion ● Irritable or not waking up

1214 113 2009-H1N1
Complications

Most patients appear to have mild illness and recover

spontaneously. Approximately 2–5% of laboratory-

confirmed 2009 A (H1N1) influenza in Canada, and in

the United States, as well as 8% in Mexico have required

hospitalization. Nearly three quarters of cases in the USA

requiring hospitalization, as well as 21 (46%) of 45 fatal

cases in Mexico, involved one or more underlying condi-

tions including asthma, diabetes, heart or lung disease,

neurologic disease, pregnancy, morbid obesity, autoim-

mune disorders, and associated immunosuppressive ther-

apies. Forty-five percent of patients admitted to intensive

care units in the USA were children under the age of

18 years, and 5%were 65 years of age or older. Surveillance

of pediatric deaths reported by CDC indicated that, of 36

children who died, 7 (19%) were aged <5 years, and 24

(67%) had one or more high-risk medical conditions.

Twenty-two (92%) of the twenty-four children with

high-risk medical condition had neuro-developmental

disabilities which included cerebral palsy, developmental

delay, autism, congenital neurological disorders, and other

central nervous system disorders. Pneumonia is the most

common and serious complication of the 2009 H1N1

pandemic influenza. The clinical course of 45 fatal cases

in Mexico was characterized by severe pneumonia, hyp-

oxemia with multifocal infiltrates including nodular alve-

olar, or basilar opacities on chest X-ray, and rapid

progression to acute respiratory distress syndrome

(ARDS) and renal or multi-organ failure. A similar expe-

rience was reported from Canada, Australia, and

New Zealand. Some patients who required intensive care

required advanced mechanical ventilation with high-

frequency oscillatory bi-level ventilation and mean airway

pressures of 32–55 cm/H2O or veno-venous extracorpo-

real membrane oxygenation (ECMO) support. Bacterial
co-infections likely played a role in almost one third of

fatal cases of 2009 pandemic influenza A (H1N1) in the

USA. The CDC investigators found evidence of concur-

rent bacterial infection in lung specimens from 22 of 77

patients (29%) with fatal pandemic H1N1 infection.

A total of ten cases were co-infections with Streptococcus

pneumoniae, six with Streptococcus pyogenes, seven with

Staphylococcus aureus, two with Streptococcus mitis, and

one with Haemophilus influenza. Four of the fatal cases

involved multiple pathogens. The age of patients ranged

from 2 months to 56 years, with a median of 31 years.

Among other complications of pandemic H1N1 are acute

neurologic syndromes reported in four patients aged

7–17 years who were admitted with signs of ILI, and

findings that included seizures or altered mental status in

two children, encephalitis in two, and ataxia in one. Three

of the four patients had abnormal electroencephalogram

(EEG). In all patients, pandemic H1N1 viral RNA was

detected in nasopharyngeal specimen, but not in cerebro-

spinal fluids (CSF). All were recovered without sequelae.

The overall case-fatality rate was 0.4% (compared with

2.4% for the 1918–1919 influenza pandemic) based on

surveillance data from Mexico and mathematical model-

ing. There was a documented underlying medical condi-

tion in at least 49% of global documented fatal case.
Diagnosis

When influenza viruses are known to be circulating in the

community, patients presenting with mild influenza can

be diagnosed on clinical and epidemiological grounds

alone. All patients should be instructed to return for

follow-up should they develop any signs or symptoms of

progressive disease (> Table 113.6) or fail to improve

within 72 h of the onset of symptoms. Under no



. Table 113.7

High risk groups for severe illness

1 Children younger than 2 years old

2 Pregnant woman up to 2 weeks post partum (regardless

how the pregnancy ended)

3 Adult, 65 years of age or older

4 Persons younger than 19 years who are receiving

long-term aspirin therapy

5 Persons with medical condition including asthma,

neurological and neurodevelopmental conditions

(including disorder of the brain, spinal cord, peripheral

nerve and muscle such as cerebral palsy), chronic

obstructive lung disease, cardiac disease, diabetes

mellitus, and immunosuppressive conditions (including

HIV/AIDS and cancer)
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circumstances should influenza diagnostic tests delay ini-

tiation of infection control practices or antiviral treat-

ment, if 2009 H1N1 pandemic disease is suspected.

Laboratory testing should be prioritized to include hospi-

talized patients; patients where a diagnosis of influenza

will inform decisions regarding clinical care, infection

control or management of close contacts; and patients

who have died of an acute illness in which influenza was

suspected.

The gold standard for laboratory diagnosis of the

2009 H1N1 influenza is the real-timereverse transcrip-

tase polymerase chain reaction (rRT-PCR) test, using

primer and detector sequences tailored to the specific

detection of this virus. A number of other diagnostic

tests are available to detect the presence of 2009 H1N1

influenza in clinical specimens, but they differ in their

sensitivity and specificity. Rapid influenza diagnostic

tests (RIDTs) are based on various forms of antigen

detection and have high specificity (>95%), but variable

sensitivity (10–70%). Preferred respiratory specimens

include a nasopharyngeal swab with a synthetic tip

(e.g., polyester or dacron), nasal wash, bronchoalveolar

lavage (BAL) or endotracheal aspirate. Lower respiratory

tract specimens have a higher yield in patients with

pneumonia due to viral replication in the lower respira-

tory tract. Many experts advise the use of a combination

of nasopharyngeal swab with oropharyngeal swab. Isola-

tion of H1N1 virus in cell culture or embryonated eggs is

a diagnostic for infection but it may not yield timely

result for clinical management; in addition, a negative

viral culture does not exclude infection. All diagnostic

laboratory work on clinical sample from patients, who

are suspected cases of influenza H1N1 virus infection,

should be done in a biosafety level (BSL) laboratory.

Growth of H1N1 virus in cell culture or embryonated

eggs should be performed in a BSL-2 laboratory using

BSL-3 practices.
Management of 2009 H1N1 Influenza

The majority of individuals infected with the pandemic

H1N1 influenza A virus can be treated with simple sup-

portive care at home using antipyretics (e.g., acetamino-

phen or ibuprofen). Aspirin (acetylsalicylic acid) or

aspirin-containing products (e.g., bismuth, subsalicylate-

PeptoBismo) should not be used in children <18 years

due to the risk of Reye’s syndrome.

Empiric antiviral therapy should be started as soon as

possible for persons with suspected, probable, or con-

firmed influenza and for:
1. Illness requiring hospitalization

2. Progressive, severe, or complicated illness regardless of

previous health status and/or

3. High risk for severe disease (> Table 113.7)

Recent reports have shown that 21–25% of hospital-

ized patients with confirmed 2009 H1N1 infections have

not received antivirals or have delay in receiving antivirals.

Among 27 fatal cases in Mexico, the median time from the

appearance of symptoms to treatment with antivirals was

8 days (range: 1–26 days).
Antiviral Drugs for Treatment of 2009 H1N1
Influenza

The neuraminidase inhibitors, oseltamivir (TamifluR) and

zanamivir (RelenzaR) are the drugs of choice for treatment

and while the vast majority of pandemic H1N1 circulating

strains are sensitive to thesemedications, all strains tested are

resistant to amantadine and rimantadine (> Table 113.8).

Oseltamivir and zanamivir are generally well-toler-

ated. Nausea and vomiting were reported with moderate

frequency among adults receiving oseltamivir for treat-

ment (nausea without vomiting, 10%; vomiting 9%). In

children treated with oseltamivir, 14% reported vomiting.

Oseltamivir suspension is formulated with sorbitol, which

may be associated with diarrhea, and abdominal pain in

patients who are fructose-intolerant. Zanamivir is formu-

lated for oral inhalation and is contraindicated in patients

with asthma or chronic obstructive disease. As of Novem-

ber 18, 2009, 39 isolates (among more than 1,000 tested)

of pandemic H1N1 were resistant to oseltamivir. Among
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Antiviral treatment and chemoprophylaxis of 2009 H1N1 influenza

Medication/age groups Treatment (5 days) Chemoprophylaxis (10 days)

Oseltamivir

Adults 75 mg twice daily 75 mg once per day

Children (age

�12 months), weight

�15 kg 30 mg twice daily 30 mg once per day

15–23 kg 45 mg twice daily 30 mg once per day

24–40 kg 60 mg twice daily 60 mg once per day

>40 kg 75 mg twice daily 75 mg once per day

Children (age 3 months to <12 months) 3 mg/kg/dose twice daily 3 mg/kg/dose once per day

Children (0–<3 months) 3 mg/kg/dose twice daily Not recommended, unless situation judged

critical (limited data)

Zanamivir

Adults Two 5-mg inhalations (10 mg

total) twice daily

Two 5-mg inhalations (10 mg total) daily

Children �7 years or older for

treatment

Two 5-mg inhalations (10 mg

total) twice daily

Two 5-mg inhalations (10 mg total) daily

�5 years for

chemoprophylaxis
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the 32 cases for which detailed information were available,

16 were associated with antiviral prophylaxis, and 3 had

no history of exposure to oseltamivir. Resistance was asso-

ciated with the common H275Y mutation, with retention

of zanamivir susceptibility. Antiviral therapy is most effec-

tive when started within 48 h after the onset of symptoms;

however, evidence suggests that treatment may benefit

patients with prolonged or severe illness, even when

started more than 48 h after the onset of illness. The

recommended duration of treatment is 5 days. Hospital-

ized patients with severe infection might require longer

antiviral courses. Some experts have advocated use of

double doses of oseltamivir in critically ill patient, despite

lack of published dates about efficacy. Zanavimir-inhaled

formulation is not designed to be used in any nebulizer or

mechanical ventilator as there is a risk that lactose drug

carrier can obstruct ventilator equipment. For patients

who are unable to take oral medication or in whom oral

medication appears to be ineffective, peramavir, which is

an investigational neuraminidase inhibitor formulated for

intravenous administration, can be requested from the

CDC under Food and Drug Administration (FDA) and

emergency use authorization, although studies on efficacy

and safety are limited.

Symptomatic patients who have highly suspected or

documented oseltamivir resistance should not be treated

with peramivir, because strains with the H275Y mutation

have demonstrated reduced in vitro susceptibility to
peramivir. These patients should be treated with intrave-

nous zanamivir, which is an investigational drug that can

be requested from the FDA for compassionate use. The

CDC suggests limiting the use of antiviral chemoprophy-

laxis to specific groups. Antiviral doses recommended for

treatment and prophylaxis of 2009 H1N1 influenza in

adult and children are listed in >Table 113.8. Clinicians

should consider empiric treatment with antibacterial

drugs if bacterial co-infection is suspected during or

after influenza. Antibiotics selection should take into con-

sideration, local data regarding frequency of pathogen

causing secondary infection and pattern of drug resis-

tance. When pneumonia is present, treatment with anti-

biotics should follow evidence-based guidelines for

community acquired pneumonia.

The use of corticosteroids for H1N1 influenza is

controversial. High-dose systemic steroid are not re-

commended for use in viral penumonitis outside clinical

trials. However, low-dose steroids may be considered in

patient with septic shock who require vasopressors.
Isolation of the Hospitalized Patient with
2009 H1N1 Infection

CDC recommends standard, droplet, and contact precau-

tions for care of patients with suspected or confirmed 2009

H1N1 influenza infection. Health care workers should use



. Table 113.9

ACIP priority target groups for H1N1 influenza vaccine

● Pregnant woman

● Household contact and caregivers for infant younger than

6 months of age

● All people from 6 months through 24 years of age

● Persons aged 25 through 64 years who have health

conditions associated with high risk of medical

complications from influenza (table)
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surgical masks for routine non-aerosolizing patient care

and N95-respirators for aerosol-generating procedures.

Isolation precautions should continue for 7 days after

illness-onset or until 24 h after the resolution of fever

and respiratory symptoms. A longer period of isolation

may be considered in the case of young children and

severely immunocompromised patients.
2009 H1N1 Vaccine

An effective vaccine is the best tool to prevent the

unpredictable spread of the current influenza

pandemic. The 2009 H1N1 virus has the potential to

cause severe disease, deaths, and potential socioeconomic

dysfunction, andmathematical modeling suggests that the

effect of the virus can be reduced by immunization. Two

types of H1N1 vaccines have been prepared and have

received approval from the FDAor the EuropeanMedicine

Agency (EMEA) for use in the prevention of influenza

caused by the 2009 pandemic influenza A (H1N1) virus.

Both ‘‘adjuvanted’’ and ‘‘unadjuvanted’’ vaccine formula-

tions are available. An adjuvant is a substance that boosts

the immune response. It is made up of naturally occurring

oil, water, and vitamin E. The ‘‘unadjuvanted’’ vaccine

does not include this material. Vaccination campaigns

are currently underway to protect populations from pan-

demic H1N1. Preliminary data indicate that both vaccines

are safe and immunogenic. The Advisory Committee on

Immunization Practice (ACIP) recommends that vaccina-

tion efforts should focus initially on persons in five target

groups at high risk for influenza related complications

(> Table 113.9).

On November 19, 2009, the WHO estimated that

around 80 million doses of pandemic vaccine had been

distributed globally and around 65 million people had

been vaccinated. The side-effect profile of theH1N1 vaccine

(‘‘adjuvanted’’ and ‘‘unadjuvanted’’), particularly the
frequency and severity of solicited adverse events, is consis-

tent with previous experience from seasonal influenza vac-

cine. To date, less than ten suspected cases of Guillan-Barre

syndrome have been reported in people who have received

vaccines. These numbers are in line with normal back-

ground rates of this illness as recently reported. All such

cases are being investigated to determine whether these are

randomly occurring events or whether they might be asso-

ciated with vaccination. WHO has received no reports of

fatal outcome or confirmed cases of Guillain-Barre syn-

drome, since the H1N1 vaccination campaigns began. All

cases have recovered. Intense active monitoring for rare

adverse reactions of H1N1 vaccine is ongoing, but all data

compiled to date indicate that pandemic H1N1 vaccines

match the excellent safety profile of the seasonal influenza

vaccines which has been used for more than 60 years.
References

Al Hajjar S, McIntosh K (2010) The first influenza pandemic of the 21st

century. Ann Saudi Med 30(1):34–36

Bacterial coninfections in lung tissue specimen from fatal cases of 2009

pandemic influenza A (H1N1) – United States, May–August 2009.

MMWR; 58 ∗early Release):1–4

Balkhy H, Al-Hajjar S (2006) Avian influenza: are our feathers ruffled?

Ann Saudi Med 26(3):175–182

Besselaar TG, Naidoo D, Buys A et al (2008) Widespread oseltamivir

resistance in influenza A viruses (H1N1), South Africa. Emerg Infect

Dis 14:1809–1810

Beveride WIB (1991) The chronicle of influenza epidemics. Hist Phil Life

Sci 13:223–235

CDC (2009a) Use of influenza A (H1N1) 2009monovalent vaccine. CDC-

MMWR 58:521–524

CDC (2009b) Update: swine influenza A (H1N1) infections – California

and Texas, April 2009. MMWR Morb Mortal Wkly Rep 58:435–437

CDC (2009c) Intensive care patients with severe novel influenza A (H1N1)

virus infections - Michigan June 2009. MMWR 58(27):749–752

Centers for Disease Control and Prevention (2009a) Neurologic compli-

cations associated with novel influenza A (H1N1) vitus infection in

children- Dallas, Texas, May 2009. MMWR Morb Mortal Wkly Rep

58:773–778

Centers for Disease Control and Prevention (2009b) Surveillance for

pediatric deaths associated with 2009 pandemic influenza

a (H1N1) virus infection. United States, April–August 2009.

MMWR Morb Morta Wkly Rep 58(34):941–947

Centers for Disease Control and Prevention (CDC) (2009) Human Infec-

tion with new influenza A (H1N1) virus: Mexico, update March–

May 2009. Wkly Epidemiol Rec 84:213–219

Centers for infections disease research and policy. Novel H1N1 influenza

(swine flu). http://www.cidrap.iniv.edu/cidropcontent/influenza/

biofacts/swinefluoverview.html. Accessed 6 Dec 2009

Chen CW, Shih SR (2009) Generic signatures of influenza A pandemic

(H1N1) 2009 virus. Emerg Infect Dis 15(12):1897–1903

Clark TW, PareekM, Hoschlerk K et al (2009) Trial of Influenza A (H1N1)

2009 monovalent MF59-adjvanted vaccine-preliminary report.

N Engl Med 361:1–11

http://www.cidrap.iniv.edu/cidropcontent/influenza/biofacts/swinefluoverview.html
http://www.cidrap.iniv.edu/cidropcontent/influenza/biofacts/swinefluoverview.html


1218 113 2009-H1N1
Davies A, Jones D, Bailey M et al (2009) Extracorporeal membrane

oxygenation for 2009 infleunza A (H1N1) acute respiratory distress

syndrome. JAMA 302:1888–1895

Dominguez-Cherit G, Lapinsky SE, Macias AE et al (2009) Critically

ill patients with 2009 influenza A (H1N1) in Mexico. JAMA

302:1880–1887

Dowdle WR (1999) Influenza A virus cycling revisited. Bull World Health

Organ 77:820–828

Dv F, Savage R, Gubbay J et al (2009) Older age and reduced likehood of

2009 H1N1 virus infection. N Engl Med 361:2000–2001

European center for disease prevention and control. Oseltamivir-resistant

pandemic (H1N1) 2009 influenza virus. October 2009. http://www.

ecdc.europa.eu/en/activities/sciadvice/tests. Accessed 10 Dec 2009

Ferguson NM, Galvani AP, Bush RM (2003) Ecological and immunolog-

ical determinants of influenza evolution. Nature 442:428–433

Ferguson NM, Cummings DA, Fraser C, Cajka JC, Cooley PC, Burke DS

(2006) Strategies for mitigating an influenza pandemic. Nature

442:448–452

Foucher RA, Munster V, Wallensten A et al (2005) Characterization of

a novel influenza A virus hemagglutinin subtype (H16) obtained

from block headed gulls. J Virol 79:2814–2822

Fraser C, Dannelly CA, Cauchernez S et al (2009) Pandemic potential of

a strain of influenza A (H1N1): early finding. Science

324(5934):1557–1560

Gaydos JC, Top FH, Hiddler RA (2006) Swine influenza A outbreak, Fort

Dix, New Jersey 1976. Emerg Infect Dis 12(1):23–28

Global alert and response: Pandemic (H1N1) (2009) World Health Orga-

nization, Geneva. http://www.who.int/csr/disease/swineflu/en.

Accessed 10 Sept 2009

Gomez-Gomez A, Magana-Auno M, Garcia-Sepulveada CA et al (2010)

Severe pneumonia associated with pandemic (H1N1) 2009 outbreak.

Emerg Infect Dis 16(1):27–34

Gray GC, Trampel DW, Roth JA (2007) Pandemic influenza planning:

shouldn’t swine and poultry workers be included? Vaccine

25:4376–4381

Guan T, Poon LL, Cheum CY et al (2004) H5N1 influenza: a protean

pandemic threat. Proc Natl Acad Sci USA 101(21):8156–8161

Hacketts HL, Patel J et al (2009) Clinical characteristics of pediatric H1N1

admissions in Birmingham, UK. The Lancet 374:605–606

Hancok K, Veguilla V, Lu X et al (2009) Cross-reactive antibody responses

to the 2009 pandemic H1N1 influenza virus. N Engl J Med 361:

1945–1952

Itoh Y, Shinya K, Kiso M et al (2009) In vitro and in vivo characterization

of new swine-origin H1N1 influenza viruses. Nature 460(20):

1021–1025

Jain S, Kamimoto L, Bramley AM et al (2009) Hospitalized patients with

2009 H1N1 influenza in the United States, April–June 2009. N Engl

Med 361:1935

JohnsonNP,Muller J (2002) Updating the accounts: globalmortality of the

1918–1920 ‘‘Spanish’’ influenza pandemic. Bull Hist Med 76:105–115

Kawaoka Y, Krauss S, Webster RG (1989) Avian-to-human transmission

of the PB1 gene of influenza A viruses in the 1957 and 1968

pandemic. J Virol 63(11):4603–4608

Khan K, Aumo J, Hu Wet al (2009) Spread of novel i nfluenza A (H1N1)

virus via global airline transportation. N Engl J Med 361:212–214

Kidd IM, Nastouli E, Shulmam R et al (2009) H1N1 pneumonitis treated

with intravenous zanamivir (case report). Lancet 374(9694):1063.

(www.thelancet.com)

Koen J (1919) A practical method for field diagnoses of swine diseases.

Am J Vet Med 14:468–470
Kumar A, Zarychanski R, Pinto R et al (2009) Critically ill patients with

2009 Influenza A (H1N1) infection in Canada. JAMA 302:1872–1879

Louie JK, AcostaM,Winter K et al (2009) Factors associated with death or

hospitalization due to pandemic 2009 influenza A (H1N1) infection

in California. JAMA 302:1986

Monto AS (2009) Implications of antiviral resistance of influenza viruses.

Comment Clin Infect Dis 48(4):389–396

Morens DM, Taubenberger JK, Fanci AS (2009) The persistent legacy of

the 1918 influenza virus. N Engl J Med 361(3):225–229

Myers KP, Olsen CW, Gray GC (2007) Cases of swine influenza in

humans: a review of the literature. Clin Infect Dis 44:1084–1088

Novel Swine-Origin Influenza A (H1N1) Virus Investigation Team

(2009) Emergence of a novel swine-origin influenza A (H1N1)

virus in humans. N Engl J Med 360:2605–2615

Pandemic (H1N1) 2009 – update77 (2009) World Health Organization,

Geneva. http://www.who.int/csr/don/2009_12_04/en/index.html.

Accessed 4 Dec 2009

Peiris JS, Poon LL, Guan Y (2009) Emergence of a novel swine-origin

influenza A virus (S-OIV) H1N1 virus in humans. J Clin Virol

45(3):169–173

Perez-Padilla R, de la Rosa-Zamboni D, Ponce de Leon S et al (2009) Pneu-

monia and respiratory failure from swine-origin influenza A (H1N1)

in Mexico. N Engl J Med 361(7):680–689

Poland GA (2006) Vaccine against avian influenza. A race against time.

N Engl J Med 354(13):1411–1413

Reid AH, Fanning TG, Hultin JV et al (1999) Origin and evolution of the

1918 ‘‘Spanish’’ influenza virus hemagglutinin gene. Proc Natl Acad

Sci USA 96:1651–1656

Safety of pandemic vaccines (Pandemic (H1N1) briefing note 16:

WHO 2009. http://www.who.int/csr/disease/swineflu/notes/brief-

ing_2009119/en. Accessed 1 Dec 2009

Shinde V, Bridges CB, Uyeki TM, Shu B, Balish A, Xu X et al (2009) Triple-

reassortant swine influenza A (H1) in humans in the United States,

2005–2009. N Engl J Med 360(25):2616–2625

Shope RE (1931) Swine influenza. J Exp Med 54:373–385

Shortridge KF, Webster RG, Butterfield WK (1977) Persistent of Hong

Kong influenza virus variants in pigs. Science 196:1454–1455

Trifonov V, Khiabanian H, Rabadan R (2009) Geographic dependence,

surveillance and origins of the 2009 influenza A (H1N1) virus.

N Engl J Med 361(2):115–119

United States Center of Disease Control and Prevention. 2009 H1N1

vaccination recommendation. http://wwwcdc.gov.h1n1flu/vaccina-

tion/acip/htm. Accessed 4 Dec 2009

United States Centers for Disease Control and Prevention. Antiviral treat-

ment options including intravenous peramivir for treatment of influ-

enza in hospitalized patients for 2009–2010 season. http//www.cdc.

gov/H1N1flu/EUA/Peramovir-recommednations.html. Accessed 2

Dec 2009

United States Centers for Disease Control and Prevention. Interim guid-

ance for clinician identifying and caring for patients with swine-

origin influenza A (H1N1) virus infection. http://www.cdc.gov/

swinefluidentifyingpatients.htm. Accessed 5 May 2009

United States Centers for Disease Control and Prevention. Interim guid-

ance on antiviral recommendations for patients with novem influ-

enza A (H1N1) virus infection and their close contacts. http://www.

cdc.gov/h1n1flu/recommendatins.htm. Accessed 7 May 2009

United States Centers for Disease Control and Prevention. Interim guid-

ance on infection control measures for 2009 H1N1 influenza in

healthcare settings, including protection of healthcare personnel.

http://cdc.gov/h1n1flu/guidelines_infection.htm

http://www.ecdc.europa.eu/en/activities/sciadvice/tests
http://www.ecdc.europa.eu/en/activities/sciadvice/tests
http://www.who.int/csr/disease/swineflu/en
http://www.thelancet.com
http://www.who.int/csr/don/2009_12_04/en/index.html
http://www.who.int/csr/disease/swineflu/notes/briefing_2009119/en
http://www.who.int/csr/disease/swineflu/notes/briefing_2009119/en
http://wwwcdc.gov.h1n1flu/vaccination/acip/htm
http://wwwcdc.gov.h1n1flu/vaccination/acip/htm
http://http//www.cdc.gov/H1N1flu/EUA/Peramovir-recommednations.html
http://http//www.cdc.gov/H1N1flu/EUA/Peramovir-recommednations.html
http://www.cdc.gov/swinefluidentifyingpatients.htm
http://www.cdc.gov/swinefluidentifyingpatients.htm
http://www.cdc.gov/h1n1flu/recommendatins.htm
http://www.cdc.gov/h1n1flu/recommendatins.htm
http://cdc.gov/h1n1flu/guidelines_infection.htm


2009-H1N1 113 1219
United States Centers for Disease Control and Prevention. Interim

recommedations for clinical use of influenza diagnostic tests during

the 2009–10 influenza season. http://www.cdc.gov/h1n1/guidance/

diagnostic_tests.htm. Accessed 2 Dec 2009

United States Centers for Disease Control and Prevention. Weekly 2009

H1N1. Flu media briefing. http://www.cdc.gov/media/transcripts/

2009/t091023.htm. Accessed 23 Oct 2009

United States Centers of Disease Control and Prevention. Updated

interim recommendation from the use of antiviral treatment and

prevention of influenza from 2009–2010 season. http://www.cdc.

gov/h1n1flu/recommednations.htm. Accessed 7 Dec 2009

United States Centre for Disease Control and Prevention. Interim guidance

on infection control measures for 2009 H1N1 influenza in health care

setting, including protection health care personnel. http://www.cdc.

gov/h1n1flu/guidelines_infection_control.htm. Accessed 6 Dec 2009

Vaillant L, La Ruche G, Tarantola A et al (2009) Epidemiology of fatal

cases associated with pandemic H1N1 influenza 2009. Rapid

Commun Euro Surveill 14(33):19309

Van Reeth K (2007) Avian and swine influenza viruses: our current

understanding of the zoonotic risk. Vet Res 38:243–260

Vincent AL, Lager KM, Ma W, Lekcharoensuk P, Framer MR, Loicano C

et al (2006) Evaluation of hemagglutinin subtype 1 swine influenza

viruses from the United States. Bet Microbiol 118:212–222
Webb SA, Pettila V, Seppelt I et al (2009) Critical care services and

2009 H1N1 influenza in Australia and New Zealand. N Engl J Med

361:1–10

Webster RG, Hulse DJ (2004) Microbial adaptation and change: avian

influenza. Rev Sci Tech 23:453–465

WHO (2009a) Pandemic influenza A (H1N1) 2009 virus. Wkly

Epidemiol Rec 84(49):505–516

WHO (2009b) Human infection with new influenza A (H1N1) virus:

clinical observation from Mexico and other affected countries.

Weekly Epidemiological Record Bull 84(21):185–196

World now at the start of 2009 Influenza pandemic. http://www.who.int/

mediacentre/news/statements/2009/h1n1_pandemic_phase6_200

90601

Ynag Y, Sugimoto JD, Halloran ME et al (2009) The transmissibility

and control of pandemic influenza A (H1N1) virus. Science

326:729–733

Zhang H, Chen L (2009) Possible origin of current influenza A H1N1

viruses on. Lancet 9:456–457

ZhouNN, Senne DA, Landgraf JS, Swenson SL, Erickson G, RossowKet al

(1999) Genetic reassortment of avian, swine and human influenza

A viruses in American pigs. J Virol 73:8851–8856

Zhu Fe, Fang HH, Yan JG et al (2009) A novel influenza A (H1N1) vaccine

in various groups. N Engl Med 361:1–10

http://www.cdc.gov/h1n1/guidance/diagnostic_tests.htm
http://www.cdc.gov/h1n1/guidance/diagnostic_tests.htm
http://www.cdc.gov/media/transcripts/2009/t091023.htm
http://www.cdc.gov/media/transcripts/2009/t091023.htm
http://www.cdc.gov/h1n1flu/recommednations.htm
http://www.cdc.gov/h1n1flu/recommednations.htm
http://www.cdc.gov/h1n1flu/guidelines_infection_control.htm
http://www.cdc.gov/h1n1flu/guidelines_infection_control.htm
http://www.who.int/mediacentre/news/statements/2009/h1n1_pandemic_phase6_20090601
http://www.who.int/mediacentre/news/statements/2009/h1n1_pandemic_phase6_20090601
http://www.who.int/mediacentre/news/statements/2009/h1n1_pandemic_phase6_20090601



	113 2009-H1N1
	Introduction
	Influenza Virus: Back to Basics
	Evolution, Zoonotic Transmission, and Possible Origin of 2009 H1N1 (Swine Influenza)
	Epidemiology and Impact
	Clinical Features
	Complications
	Diagnosis
	Management of 2009 H1N1 Influenza
	Antiviral Drugs for Treatment of 2009 H1N1 Influenza

	Isolation of the Hospitalized Patient with 2009 H1N1 Infection
	2009 H1N1 Vaccine
	References


