
Influenza Virus Vaccine Inactivated VACCINES 80:12
Influenza Virus Vaccine Inactivated

Influenza virus vaccine inactivated stimulates active immunity to influenza
virus infection. There are 2 types of influenza virus vaccines commercially
available in the US: influenza virus vaccine inactivated and influenza virus
vaccine live intranasal. Inactivated influenza virus vaccines contain noninfec-
tious, suitably inactivated influenza virus types A and B subunits and are ad-
ministered IM; influenza virus vaccine live intranasal contains live, attenuated
(cold-adapted) influenza virus types A and B and is administered intranasally.
(For information on the intranasal influenza vaccine, see Influenza Virus Vac-
cine Live Intranasal 80:12.)

Uses
Influenza virus vaccine inactivated is used to stimulate active immunity to

influenza virus strains contained in the vaccine.
Annual vaccination against influenza is the most effective strategy for pre-

venting influenza virus infection and its complications. Unless contraindicated,
the US Public Health Service Advisory Committee on Immunization Practices
(ACIP) recommends annual influenza vaccination for all adults 50 years of age
or older (and other adults who want to reduce their risk of becoming ill with in-
fluenza or transmitting influenza to others), all adolescents, and all children 6
months of age or older. Vaccination against influenza is recommended for oth-
erwise healthy individuals as well as those who have medical conditions that
put them at increased risk for influenza-related complications. (See Table.)

ACIP Recommends Annual Influenza Vaccination for the Following Individuals 
Using an Appropriate Vaccine:

Influenza vaccines are formulated annually to contain influenza A and B
antigens predicted to represent strains of influenza virus likely to circulate in
the US during the upcoming influenza season. The vaccines are not effective
against all possible strains of influenza virus and provide protection only
against those strains of virus from which the vaccine is prepared as well as
against closely related strains. Efficacy (i.e., prevention of illness among vacci-
nated individuals in controlled trials) and effectiveness (i.e., prevention of ill-
ness in vaccinated populations) of influenza vaccines depend in part on the age
and immunocompetence of the vaccine recipient and the degree of similarity
between the virus strains in the vaccine and circulating strains. 

Influenza virus vaccine 2008–2009 was formulated based on specifications
of the US Food and Drug Administration (FDA) Vaccines and Related Biolog-
ical Products Advisory Committee (VRBPAC) to contain antigens representa-
tive of the strains of influenza A (H3N2), influenza A (H1N1), and influenza B
viruses likely to circulate in the US during the 2008–2009 influenza season.
(See Composition of 2008-2009 Influenza Virus Vaccine Inactivated under
Chemistry and Stability: Chemistry.) All 3 antigens contained in the 2008–
2009 influenza vaccine formulation are different than those contained in the
2007–2008 influenza vaccine. Immunity declines in the year following vacci-
nation; therefore, a history of vaccination in any previous year does not pre-
clude the need for vaccination with the current vaccine for the upcoming influ-
enza season. In addition, although major antigenic shifts in influenza viruses
are uncommon (as opposed to drifts, which are common), protection afforded

by a history of vaccination in recent years would be particularly unlikely when
such major changes in antigenic subtype of the virus occur.

■ Choice of Influenza Vaccines
There are 2 different types of influenza virus vaccines commercially avail-

able in the US for active immunization against influenza: influenza virus vac-
cine inactivated and influenza virus vaccine live intranasal. Influenza virus
vaccine inactivated contains inactivated virus subunits (split virus or subvirion)
and is administered IM. Influenza virus vaccine live intranasal contains attenu-
ated, live virus reassortants and is given intranasally. Both vaccine types are re-
formulated each year to contain strains of influenza virus antigenically equiva-
lent to strains likely to circulate in the US during the upcoming influenza
season and one of these vaccines must be administered annually to provide op-
timal protection against influenza infection.

There is evidence that influenza virus vaccine inactivated and influenza vi-
rus vaccine live intranasal are similarly effective in preventing influenza. The
parenteral influenza virus vaccine inactivated has several advantages since it
can be used in some individuals who should not receive influenza virus vaccine
live intranasal, including infants 6–23 months of age, adults 50 years of age or
older, pregnant women, individuals with underlying medical conditions that
may predispose them to severe disease following influenza infection, children
and adolescents receiving long-term aspirin therapy, individuals receiving im-
munosuppressive therapy, and individuals who have close contact with se-
verely immunocompromised individuals requiring a protective environment
(e.g., hematopoietic stem cell transplant recipients [HSCT]). 

The ACIP states that either influenza virus vaccine inactivated or influenza
virus vaccine live intranasal can be used in healthy, non-pregnant individuals
2–49 years of age (including those who wish to reduce the likelihood of be-
coming ill with influenza or transmitting influenza to others), health-care
workers, those who are in close contact with groups at high risk of influenza,
and those who are in close contact with less severely immunocompromised in-
dividuals (e.g., those not requiring a protective environment, those with diabe-
tes or HIV infection, asthma patients taking corticosteroids). Possible advan-
tages of the intranasal vaccine over influenza virus vaccine inactivated in such
individuals include its potential to induce a broad mucosal and systemic im-
mune response, ease of administration, and improved acceptance of intranasal
rather than IM administration; possible disadvantages include age restrictions
(cannot be used in children younger than 2 years of age or adults 50 years of
age or older) and the risk that the live vaccine virus could be transmitted from
the vaccinee to close contacts who are severely immunocompromised. During
periods when influenza virus vaccine inactivated is in short supply, use of in-
fluenza virus vaccine live intranasal is encouraged for eligible individuals.

Fluzone® influenza virus vaccine inactivated 2008-2009 may be used in
adults, adolescents, and children 6 months of age or older. Fluvirin® influenza
virus vaccine inactivated 2008-2009 may be used in adults, adolescents, and
children 4 years of age or older. Afluria®, Fluarix®, and FluLaval® influenza
virus vaccines are used only in adults 18 years of age or older.

■ Management of Exposure
Management of influenza exposure includes preventive and control mea-

sures that involve vaccination programs and treatment or adjunctive prophy-
laxis with appropriate antivirals. (See Adjunctive Antiviral Prophylaxis under
Uses: Management of Exposure.)

 In some individuals, influenza can exacerbate underlying medical condi-
tions (e.g., pulmonary or cardiac diseases), lead to secondary bacterial pneu-
monia, sinusitis, otitis media, or primary influenza viral pneumonia, or occur
as part of a coinfection with other viral or bacterial pathogens. Influenza infec-
tion also has been associated with encephalopathy, transverse myelitis, Reye’s
syndrome, myositis, myocarditis, and pericarditis. The risks for influenza-re-
lated complications, hospitalizations, and death are increased in geriatric adults
65 years of age or older, children younger than 2 years of age, and individuals
of any age with certain underlying medical conditions. Even in individuals not
at such increased risk for complications, influenza illness can result in absen-
teeism, disruption in work and provided services (e.g., in health-care providers,
in others providing essential community services), and decreased productivity
as well as associated health-care costs.

Excess hospitalizations and deaths attributable to pneumonia and influenza
occur in a substantial number of individuals in the US during influenza epi-
demics. During influenza epidemics from 1979–1980 to 2000–2001, the esti-
mated influenza-associated hospitalization rates averaged 226,000 per year
(55,000 to 431,000 per epidemic), with the greatest numbers of such hospital-
izations occurring during epidemics caused by type A (H3N2) viruses. In the
US, approximately 19,000 influenza-associated pulmonary and circulatory
deaths were estimated to occur during each influenza season in the period of
1976–1990, compared with approximately 36,000 deaths during 1990–1999.
Geriatric adults with underlying chronic lung disease are at particular risk for
hospitalizations and deaths attributable to pneumonia and influenza, and older
adults account for at least 90% of deaths attributed to pneumonia and influ-
enza.

All adults 50 years of age or older
Adults who want to reduce their risk of becoming ill with influenza or transmitting 

influenza to others
All children and adolescents 6 months to 18 years of age
Children and adolescents 6 months to 18 years of age receiving long-term 

aspirin therapy who might therefore be at risk for Reye’s syndrome after 
influenza infection

Women who will be pregnant during the influenza season
Children, adolescents, and adults with chronic pulmonary (including asthma), 

cardiovascular (except hypertension), renal, hepatic, hematologic, or metabolic 
disorders (including diabetes mellitus)

Children, adolescents, and adults who are immunosuppressed, including those 
receiving immunosuppressive drugs and those with human immunodeficiency 
virus (HIV) infection

Children, adolescents, and adults with any condition that can compromise 
respiratory function or handling of respiratory secretions or increase the risk for 
aspiration (e.g., cognitive dysfunction, spinal cord injuries, seizure disorders, 
other neuromuscular disorders)

Children, adolescents, or adults who are residents of nursing homes and other 
chronic-care facilities

Health-care workers
Household contacts (including children) and caregivers of children younger than 

5 years of age (especially contacts of infants younger than 6 months of age)
Household contacts (including children) and caregivers of adults 50 years of age 

or older
Household contacts (including children) and caregivers of individuals with 

medical conditions that put them at high risk for severe influenza complications
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Vaccination before the influenza season of individuals at highest risk of in-
fluenza-related complications is the single most effective means for preventing
or attenuating influenza in such individuals and therefore is the principal mea-
sure for controlling the impact of the disease. However, because of the risks of
waning immunity during the season and potential antigenic variations of the vi-
rus from year to year, the timing of vaccination programs and vaccine formula-
tion employed are important considerations. (See Timing of Influenza Vaccina-
tion under Uses: Management of Exposure.)

Target Groups for Vaccination Efforts

 The ACIP, the Canadian National Advisory Committee on Immunization
(NACI), and others recommend that influenza vaccination efforts target indi-
viduals at higher risk of influenza or influenza-related complications and those
who live with or care for such individuals.

Despite recognition that optimum medical care includes regular review of
immunization records and appropriately scheduled immunization for both
adults and children, a substantial number of individuals considered at risk for
influenza-associated complications do not receive the vaccine each year. The
national health objective for the year 2010 is to achieve vaccination coverage
for 90% of geriatric adults 65 years of age or older and 90% of nursing home
residents. Despite gains in influenza vaccination rates, optimal levels remain to
be achieved in all areas of the US and in certain groups (e.g., Hispanics, non-
Hispanic blacks). Data from the 2006–2007 influenza season indicate that 36%
of adults 50–64 years of age and 66% of adults 65 years of age or older re-
ceived the vaccine. In those with chronic medical conditions that put them at
high risk of influenza-related complications, 25.5% of those 18–49 years of
age and 46.1% of those 50–64 years of age were vaccinated. Special emphasis
should be placed on promoting annual vaccination among geriatric individuals
with additional risk, particularly those with an underlying cardiopulmonary
disease, and on reducing racial and ethnic health disparities. Data from 2007
indicate that estimated vaccination coverage among individuals 65 years of age
or older were 70% for non-Hispanic whites, 58% for non-Hispanic blacks, and
54% for Hispanics.

Staff in facilities providing ongoing medical care (e.g., physicians’ offices,
public health clinics, outpatient clinics, employee health clinics, hemodialysis
centers, hospital specialty-care clinics, managed-care settings, outpatient reha-
bilitation programs) should identify and mark the medical records of individu-
als for whom vaccination against influenza virus is recommended. ACIP rec-
ommends that the vaccine then be offered to these individuals during visits
throughout the influenza season; the offer of vaccine and its receipt or refusal
should be documented in each individual’s medical record. Individuals in high-
risk groups who do not have regularly scheduled visits during the fall should be
reminded by mail, telephone, or other means of the need for vaccination.

Health-care Workers. ACIP and the Healthcare Infection Control Prac-
tices Advisory Committee (HICPAC) recommend routine annual influenza
vaccination for all health-care workers, unless contraindicated.

Beginning in January 2007, the Joint Commission on Accreditation of
Healthcare Organizations (JCAHO) began requiring hospitals and long-term
care facilities to offer influenza vaccination to staff, volunteers, and licensed
independent practitioners. A number of professional organizations, including
the American Society of Health-System Pharmacists (ASHP), the American
Academy of Pediatrics (AAP), and the Infectious Diseases Society of America
(IDSA), support vaccination of health-care workers against influenza.

Influenza vaccination of health-care workers is considered a high priority
since it reduces morbidity associated with influenza in health-care settings and
has been associated with reduced work absenteeism and fewer deaths in nurs-
ing home patients and elderly hospitalized patients. Low vaccination rates
among health-care workers have been associated with influenza outbreaks in
hospitals and long-term care facilities and higher vaccination levels among
staff have been associated with a lower incidence of nosocomial influenza.
Data from the 2005–2006 influenza season indicate that vaccination coverage
among health-care workers was only 42%. One of the national health objec-
tives for the year 2010 is to achieve vaccination coverage rates of 60% in
health-care workers.

Annual vaccination against influenza is recommended for physicians,
nurses, and other personnel in both hospital and outpatient care settings (in-
cluding medical emergency response workers such as paramedics and emer-
gency medical technicians), employees of nursing homes and chronic-care fa-
cilities who have contact with patients or residents, and students in these
professions who will have contact with patients. Facilities that employ health-
care workers are strongly encouraged to provide easily accessible influenza ed-
ucation and vaccination programs for all staff (including all full-time, part-
time, and temporary staff) with particular emphasis on workers who provide
direct care to individuals at high risk for influenza complications. HICPAC
suggests that the optimal time to provide organized vaccination programs for
health-care workers is during October and November; however, vaccine still
should be offered to unvaccinated workers throughout the influenza season,
even after influenza activity has been documented in the community. 

Individuals with Chronic Medical Conditions. Individuals with chronic
medical conditions that increase the risk of influenza or influenza-related com-
plications should receive annual vaccination against influenza.

 Groups considered to be at increased risk for influenza-related complica-
tions include adults, adolescents, and children with chronic disorders of the
cardiovascular (except hypertension) and/or pulmonary systems (e.g., acquired
or congenital heart disease, cystic fibrosis, chronic asthma, tuberculosis, bron-
chopulmonary dysplasia), disorders that can compromise respiratory function
or the handling of respiratory secretions or that can increase the risk for aspira-
tion (e.g., cognitive dysfunction, spinal cord injuries, seizure disorders, other
neuromuscular disorders), and residents of nursing homes and other chronic-
care facilities housing patients of any age with chronic medical conditions.
Other groups considered at increased risk of influenza-related complications
include adults, adolescents, and children who have chronic metabolic diseases
(including diabetes mellitus), renal or hepatic dysfunction, hematologic disor-
ders (e.g., hemoglobinopathies), or immunosuppression (including those im-
munosuppressed because of immunosuppressive therapy or HIV infection) and
children and adolescents 6 months through 18 years of age who are receiving
long-term aspirin therapy and therefore may be at risk of developing Reye’s
syndrome following influenza infection.

The risk of complications following influenza infection also may be in-
creased in patients who have undergone allogeneic bone marrow transplanta-
tion or hematopoietic stem cell transplantation (HSCT) and vaccination of such
individuals also should be considered. (See Hematopoietic Stem Cell Trans-
plant Recipients under Management of Exposure: Target Groups for Vaccina-
tion Efforts, in Uses.) 

For information on influenza risk and vaccination recommendations in
HIV-infected individuals, see HIV-infected Individuals under Management of
Exposure: Target Groups for Vaccination Efforts, in Uses.

Adults 50–64 Years of Age. Routine influenza vaccination is recom-
mended for all adults 50 years of age and older because this group of adults has
an increased prevalence of high-risk conditions. ACIP recommends that facili-
ties providing services to adults 50 years of age or older (e.g., assisted living
housing, retirement communities, recreation centers) offer residents, attendees,
and staff annual on-site vaccination before the start of the influenza season and
continue to offer the vaccine to unvaccinated individuals throughout the fall
and winter.

Based on the National Health Interview Survey (NHIS), the estimated na-
tional influenza vaccine coverage among persons 50–64 years of age increased
slightly from 31.6% in the 2005–2006 influenza season to 36% in the 2006–
2007 season. Individuals 50–64 years of age with underlying medical condi-
tions are at a substantially increased risk for hospitalizations during influenza
season compared with healthy adults in this age group. Vaccination of healthy
adults 50–64 years of age can reduce the number of illnesses, clinician visits,
work absenteeism, anti-infective use, and decrease use of health-care re-
sources. 

Geriatric Adults. Geriatric adults 65 years of age or older should receive
annual influenza vaccination.

About 90% or more of influenza-associated deaths occur in adults 65 years
of age and older, and the influenza-associated fatality rate in this age group
during 6 epidemics from 1972–1982 was 34–104 times that in younger individ-
uals. The risk increases with age in this population, and those 85 years of age
or older are 16 times more likely than those 65–69 years of age to die of an in-
fluenza-associated underlying pneumonia and influenza death. During 1990–
1999, estimated average rates of influenza-associated pulmonary and circula-
tory deaths were 98.3 per 100,000 persons among geriatric adults 65 years of
age or older. The risk of hospitalization and death attributable to pneumonia
and influenza is particularly increased for geriatric adults with underlying
chronic lung disease compared with those who do not have an underlying pul-
monary condition. A retrospective analysis during 1996–2000 estimated that
the risk during influenza season among persons 65 years of age or older with
underlying conditions and at risk for influenza-related complications (i.e., one
or more of the conditions listed as indications for vaccination) was approxi-
mately 560 influenza-associated hospitalizations per 100,000 persons, com-
pared with approximately 190 per 100,000 in healthy elderly persons. Shifts in
age distribution in the US population probably will increase the need for
health-care services and effective preventive strategies aimed against respira-
tory infectious diseases. Therefore, targeting geriatric individuals for annual
influenza vaccination is particularly important. Among community-dwelling
adults 65 years of age or older with and without high-risk medical conditions
(e.g., heart disease and diabetes), influenza vaccination reduces the frequency
of secondary complications and reduces the risk for influenza-related hospital-
ization and death.

Children 6 Months to 4 Years of Age. Data from several studies indicate
that hospitalization rates are higher in young children than among older chil-
dren when influenza viruses are circulating, and that these increased rates are
comparable to those for other high-risk groups.

ACIP recommends that all children 6 months to 4 years (59 months) of age
receive annual influenza vaccination. Beginning in the 2004–2005 influenza
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season, ACIP first recommended that infants 6–23 months be targeted for an-
nual influenza vaccination based on an increased risk of influenza-associated
hospitalizations in infants 23 months of age or younger. Then, in the 2006-
2007 season, the ACIP expanded these recommendations to also include chil-
dren 24–59 months of age. ACIP continues to recommend influenza vaccina-
tion in children 6 months of age or older who have high-risk medical condi-
tions. Influenza virus vaccine inactivated is not labeled for use in children
younger than 6 months of age, the pediatric group at greatest risk for influenza-
related complications; vaccinating household contacts and other close contacts
might reduce the incidence of influenza in these children. Therefore, ACIP en-
courages influenza vaccination of individuals who are close contacts of chil-
dren 0–59 months of age.

The Vaccines for Children (VFC) program provides all routine childhood
vaccines recommended by ACIP, including influenza vaccine, to VFC-eligible
children. Detailed information about the VFC program is available at http://
www.cdc.gov/vaccines/programs/vfc/default.htm.

Children and Adolescents 5–18 Years of Age. Beginning in the 2008-2009
influenza season, ACIP recommends vaccination of all children 5–18 years of
age. The expansion of vaccination in children to include those 5–18 years of
age should begin in 2008 if feasible, but no later than the 2009–2010 influenza
season. This new recommendation to expand routine influenza vaccination to
include all school-age children and adolescents 5–18 years of age is based on
accumulated evidence that influenza vaccine is effective and safe for school-
aged children, increased evidence that influenza has substantial adverse im-
pacts among school-aged children and their contacts (e.g., school absenteeism,
increased anti-infective use, healthcare visits, parental work loss), and an ex-
pectation that a simplified age-based influenza vaccine recommendation for all
school-age children and adolescents will improve vaccine coverage levels
among the approximately 50% of school-aged children who already had a risk-
or contact-based indication for annual influenza vaccination. More than 8 mil-
lion children and adolescents in the US (including 2.2 million individuals 10–
18 years of age with asthma) have at least one medical condition that places
them at high risk for complications following influenza infection. (See Individ-
uals with Chronic Medical Conditions under Management of Exposure: Target
Groups for Vaccination Efforts, in Uses.) 

While high-risk children and adolescents should undergo annual vaccina-
tion against influenza, few in the pediatric age group actually receive the vac-
cine each year. Therefore, children and adolescents at risk should be targeted
for organized influenza vaccination programs. The AAP recommends that cli-
nicians increase their efforts through tracking and recall systems to ensure that
children and adolescents traditionally considered at high risk of severe influ-
enza and influenza complications receive annual vaccination. These include
children and adolescents with asthma or other chronic pulmonary disease (e.g.,
cystic fibrosis), hemodynamically significant cardiac disease, immunosuppres-
sive disorders or therapy, HIV infection, sickle cell anemia and other hemoglo-
binopathies, disease requiring long-term aspirin therapy (e.g., rheumatoid ar-
thritis, Kawasaki syndrome), chronic renal dysfunction, chronic metabolic
disease (e.g., diabetes mellitus), or disorders that may impede adequate respi-
ration (e.g., cognitive dysfunction, spinal cord injuries, seizure disorders, other
neuromuscular disorders). (See Individuals with Chronic Medical Conditions
under Management of Exposure: Target Groups for Vaccination Efforts, in
Uses.)

Children and adolescents who have close contact (i.e., live, work, or other-
wise are frequently in close proximity) with individuals at high risk for influ-
enza-associated complications, including children 0–59 months of age, also
should receive influenza virus vaccine. In addition, the vaccine may be admin-
istered to any child or adolescent 6 months of age or older (including those
with no underlying medical condition) to reduce the likelihood of acquiring in-
fluenza. One study reported vaccine efficacy against laboratory-confirmed in-
fluenza illness of 56% among healthy children 3–9 years of age and 100%
among healthy children and adolescents 10–18 years of age.

Some evidence suggests that influenza vaccination can effectively reduce
the rate of otitis media and the use of anti-infectives in children. In one study in
children 1–3 years of age who attended a day-care center, the frequency of
acute otitis media associated with influenza A infection was 83% lower in in-
fluenza-vaccinated (with a trivalent formulation) versus unvaccinated children,
and the overall frequency of otitis media was 35% lower in the vaccinated chil-
dren, regardless of the presence of influenza infection; there was no difference
in the frequency of respiratory tract infections. Randomization was by day-care
center, and the study was unblinded and did not include a placebo control. In
another study in children 15–71 months of age who received live attenuated
(cold-adapted), trivalent influenza virus vaccine intranasally, the incidence of
febrile otitis media was 30% lower in vaccinees than in placebo recipients.
However, a large study conducted among children with a mean age of 14
months indicated that inactivated influenza vaccine was not effective against
acute otitis media. ACIP states that influenza vaccine effectiveness against
acute otitis media is not typically diagnosed using influenza virus culture and
would be expected to be relatively low when assessing a nonspecific clinical
outcome.

Pregnant Women. Because pregnant women are at risk for influenza-re-
lated complications, ACIP recommends that all women who are pregnant or
will be pregnant during the influenza season receive influenza virus vaccine in-
activated, including those without underlying influenza risk factors. The Amer-
ican College of Obstetricians and Gynecologists (ACOG), AAP, American
Academy of Family Physicians (AAFP), American College of Physicians
(ACP), and Canadian NACI also recommend that pregnant women be vacci-
nated against influenza with influenza virus vaccine inactivated. (See Cautions:
Pregnancy, Fertility, and Lactation.)

 Excess mortality associated with influenza among pregnant women was
documented during the 1918–1919 and 1957–1958 pandemics. Case reports
and limited studies indicate that pregnant women, including those without un-
derlying risk factors, are at increased risk for serious influenza complications.
Limited information is available on use of influenza virus vaccine inactivated
in pregnant women. Data on safety of influenza virus vaccine live intranasal in
pregnant women is not available.

Contacts of High-risk Individuals. Individuals with clinical or subclinical
influenza infection can transmit the infection to high-risk individuals. Prevent-
ing transmission of influenza from caregivers and household contacts to high-
risk individuals might reduce influenza-related deaths in high-risk individuals.
In addition to health-care workers, others who should be vaccinated because
they can transmit influenza to high-risk individuals include employees of nurs-
ing homes and chronic-care facilities; employees of assisted living and other
residences for high-risk individuals; individuals (e.g., visiting nurses, volunteer
workers) who provide home care to high-risk individuals; crews on ships that
cater to high-risk individuals; and all household contacts (including children 6
months of age or older) and out-of-home caregivers of individuals in high-risk
groups.

Because children 59 months of age or younger are at increased risk for in-
fluenza-related health-care utilization, influenza vaccination also is encouraged
for their household contacts and out-of-home caretakers. Since influenza vac-
cines are not licensed by FDA for use in infants younger than 6 months of age,
emphasis  should be placed on vaccinating household or other  contacts of in-
fants younger than 6 months of age. ACIP states that when vaccine supply is
limited, priority for  vaccination should be given to contacts of infants  in this
age group.

Residents of Nursing Homes and Other Chronic-care Facilities. The
ACIP and others recommend that influenza vaccination be provided routinely
to residents of nursing homes and other residential chronic-care facilities as
soon as the vaccine is available. All residents should be vaccinated at one time
immediately preceding the influenza season. Residents admitted through
March after completion of the vaccination program should be vaccinated at the
time of admission. Since October 2005, the Centers for Medicare and Medic-
aid Services (CMS) has required nursing homes participating in the Medicare
and Medicaid programs to offer all residents influenza and pneumococcal vac-
cines and to document the results. According to the requirements, each resident
is to be vaccinated unless contraindicated medically, the resident or a legal rep-
resentative refuses vaccination, or the vaccine is not available because of short-
age.

HIV-infected Individuals. Limited information is available concerning
the frequency and severity of influenza illness or on the benefits of influenza
vaccination in HIV-infected individuals. However, some reports suggest that
symptoms of influenza illness may be prolonged and the risk for complications
from influenza may be increased for some HIV-infected individuals. In addi-
tion, the risk for infections and complications caused by various other respira-
tory pathogens, including pneumococcal pneumonia and Haemophilus influen-
zae pneumonia (diseases that typically follow influenza in high-risk
individuals), is increased in HIV-infected individuals.

The ACIP, AAP, National Institutes of Health (NIH), and Infectious Dis-
eases Society of America (IDSA) recommend annual vaccination against influ-
enza for all HIV-infected adults and children 6 months of age or older since
these individuals may be at high risk of complications from influenza. Influ-
enza virus is not traditionally classified as an opportunistic pathogen, but many
experts consider vaccination against the virus as logical in any HIV-infected in-
dividual (whether symptomatic or asymptomatic) because of the possible risks
of respiratory infections in such patients and because some protection probably
will be provided by the vaccine. Annual influenza vaccination may be particu-
larly important for HIV-infected individuals with another underlying condition
that places them at high risk for influenza complications and for those with
HIV symptoms and/or CD4+ T-cell counts between 200–500/mm3; it is best to
ensure that such individuals are receiving antiretroviral therapy and that plasma
HIV RNA levels are under control at the time of vaccination. Whether HIV-in-
fected individuals with CD4+ T-cell counts exceeding 500/mm3 (who generally
are thought to be relatively normal immunologically) are at increased risk of
influenza complications is not known, but such individuals can be offered in-
fluenza vaccination; such individuals should be receiving effective antiretrovi-
ral therapy.

Although there is some evidence that influenza virus vaccine inactivated
may transiently stimulate replication of HIV in some HIV-infected individuals,
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particularly those who are not receiving potent antiretroviral therapy (see HIV-
infected Individuals under Response to Influenza Virus Vaccine Inactivated:
Immunocompromised Individuals, in Pharmacology), and some clinicians have
expressed concerns about the potential long-term consequences of possible re-
sultant increases in viral load on the clinical status of HIV-infected individuals,
there is no evidence of accelerated HIV disease progression in influenza-vacci-
nated patients. In addition, any transient increases in HIV replication that do
occur appear to be associated with an effect on disease progression that is so
minimal that it is difficult to detect. However, because theoretical risks have
been raised, use of the vaccine, while recommended by most experts, should be
individualized. In weighing the benefits versus risks, it should be noted that in-
activated vaccines (e.g., inactivated poliovirus vaccine, hepatitis B vaccine, in-
fluenza virus vaccine inactivated, pneumococcal 23-valent polysaccharide vac-
cine) have been administered to children and adults with symptomatic HIV
infection without unusual adverse effects.

Immunization against influenza may be less effective in individuals with
HIV infection than in immunocompetent individuals since the antibody re-
sponse to vaccines may be reduced and inversely correlated with the severity of
the disease. There is evidence that influenza virus vaccine inactivated is highly
effective in preventing symptomatic, laboratory-confirmed influenza infection
among HIV-infected individuals with mean CD4+ T-cell counts of 400/mm3;
however, the vaccine may be less effective in those with more advanced disease
and lower CD4+ T-cell counts, especially those with counts less than 100/mm3.
There is no evidence that a second dose of influenza vaccine improves the im-
mune response in these individuals. (See HIV-infected Individuals under Re-
sponse to Influenza Virus Vaccine Inactivated: Immunocompromised Individu-
als, in Pharmacology.)

Antiviral prophylaxis may be used in conjunction with, or as an alternative
to, influenza virus vaccine inactivated in HIV-infected individuals who may
have a poor antibody response to the vaccine and/or high risk of exposure to in-
fluenza A, especially during influenza epidemics or institutional outbreaks.
(See Adjunctive Antiviral Prophylaxis under Uses: Management of Exposure.)
No published data are available concerning possible efficacy of antiviral pro-
phylaxis among persons with HIV infection or interactions with other drugs
used to manage HIV infection; therefore, such patients should be monitored
closely if such prophylaxis is administered.

Hematopoietic Stem Cell Transplant Recipients. Individuals who un-
dergo hematopoietic stem cell transplant (HSCT) are at risk for a variety of op-
portunistic infections, including community-acquired respiratory viral infec-
tions (e.g., influenza, respiratory syncytial virus [RSV], parainfluenza virus,
adenovirus). The CDC, the Infectious Diseases Society of America (IDSA),
and the American Society of Blood and Marrow Transplantation (ASBMT)
have established guidelines for preventing opportunistic infections in HSCT re-
cipients. These guidelines recommend life-long annual vaccination with influ-
enza virus vaccine inactivated in all HSCT recipients who are 6 months of age
or older. HSCT candidates should receive influenza virus vaccine inactivated
the influenza season prior to HSCT and then annually thereafter, beginning 6
months or later after HSCT. The vaccine is not likely to be beneficial and is not
recommended during the first 6 months after HSCT; antiviral prophylaxis can
be used if community or nosocomial influenza outbreaks occur during this
time period. If influenza outbreaks occur and it has been 6–24 months after
HSCT or it has been longer than 24 months after HSCT and the patient is still
substantially immunocompromised (i.e., receiving immunosuppressive ther-
apy, having a relapse of the underlying disease, graft-versus-host disease
[GVHD]), the HSCT recipient should immediately receive influenza virus vac-
cine inactivated if they have not yet received their annual vaccination. In addi-
tion, during influenza A outbreaks, the HSCT recipient can receive a regimen
of antiviral prophylaxis to provide protection until antibody responses to the
vaccine develop. (See Adjunctive Antiviral Prophylaxis under Uses: Manage-
ment of Exposure.)

The CDC, IDSA, and ASBMT guidelines also state that annual vaccination
with influenza virus vaccine inactivated is strongly recommended for all family
members and close or household contacts of HSCT recipients. Family mem-
bers and close or household contacts should receive influenza virus vaccine in-
activated beginning the influenza season before HSCT and annually thereafter
for at least 24 months after HSCT. These contacts should continue to be vacci-
nated annually as long as the HSCT recipient is immunocompromised. Annual
influenza virus vaccination also is strongly recommended for all health-care
workers of HSCT recipients. If a health-care worker, family member, or other
close contact of a HSCT recipient receives influenza virus vaccine inactivated
during an influenza A outbreak, they also should receive a 2-week regimen of
antiviral prophylaxis.

Recommendations for prevention of influenza virus infection in HSCT re-
cipients are the same for both allogeneic and autologous transplants. The
guidelines for preventing opportunistic infections among HSCT recipients
published by the CDC, IDSA, and ASBMT should be consulted for additional
information on preventing opportunistic infections in these patients (including
vaccinations) and for information on hospital infection control, strategies for
safe living after transplantation, and hematopoietic stem cell safety.

Travelers. The risk of exposure to influenza during travel varies depend-
ing on the time of the year and destination. Influenza can occur throughout the
year in tropical areas; the time of greatest influenza activity in the temperate re-
gions of the southern hemisphere is from April through September. In temper-
ate climate zones in the northern and southern hemispheres, travelers also can
be exposed to influenza during the summer, especially when traveling in a or-
ganized tourist group that includes individuals from areas of the world where
influenza viruses are circulating. Case clusters also have been reported among
land and/or sea travelers in Alaska and the Yukon Territory during the summer
months. 

Because of the short incubation period for influenza infection, exposure to
the virus during travel often will result in clinical illness that develops during
travel; such illness may be an inconvenience or a potential danger, particularly
for individuals at risk for influenza complications. In addition, travel may ex-
pose individuals to conditions that facilitate transmission of influenza. The
CDC and ACIP recommend influenza vaccination, preferably at least 2 weeks
before departure, in individuals at high risk of influenza complications if they
were not vaccinated during the previous fall or winter and they plan to travel to
destinations or under circumstances where influenza is likely (e.g., travel to the
tropics, travel with large organized travel groups at any time of the year, travel
to the southern hemisphere from April through September). Although the effi-
cacy of influenza immunization for travelers may vary depending on differ-
ences between influenza strains encountered during travel and those included
in the current vaccine, there is insufficient evidence to advise in favor of or
against revaccination of travelers who were vaccinated in the fall and who sub-
sequently are traveling to areas where influenza may be circulating in the late
spring and summer months. ACIP recommends that high-risk individuals who
received the previous season’s vaccine prior to travel be revaccinated during
the fall or winter with the current vaccine.

In North America, travel-related influenza vaccination should be adminis-
tered by spring whenever possible since influenza vaccine might not be avail-
able during the summer. Travelers 50 years of age or older and others at high
risk for influenza-related complications who plan summer travel should con-
sult their clinicians before embarking to discuss the symptoms and risk of in-
fluenza and advisability of carrying suitable antiviral agents for either prophy-
laxis or treatment.

Some clinicians recommend that all international air travelers be vacci-
nated regardless of the destination since the poor air circulation during such
travel increases the risk of influenza transmission from an infected passenger.
Immunization also has been recommended for the crew of cruise ships catering
to passengers at high risk of influenza complications and for the high-risk pas-
sengers because the closed nature of this setting can facilitate influenza trans-
mission. Although outbreaks of influenza have been reported among land and/
or sea travelers in Alaska and the Yukon Territory during the summer, the CDC
and Health Canada state that special preventative measures currently are not
recommended for otherwise healthy travelers to these areas; clinicians caring
for patients presenting with febrile respiratory illness and/or pneumonia fol-
lowing recent travel to these areas should include influenza A in the differential
diagnosis.

In addition to influenza virus subtypes that occur widely in humans, some
travelers also may be at risk of exposure to avian influenza A. (See Travelers to
Areas with Avian Influenza A under Uses: Avian Influenza A Virus Infection
and see Avian Influenza Virus under Pharmacology: Antigenic Characteristics
of Influenza Viruses.)

Individuals Providing Essential Services, Students, and Other Healthy Indi-
viduals. The ACIP and NACI state that individuals who provide essential
community services should be considered for influenza vaccination programs
to minimize possible disruption of essential activities, which could occur dur-
ing influenza outbreaks. Students or other individuals in institutional settings
(e.g., those who reside in dormitories) should be encouraged to participate in
influenza vaccination programs to minimize the possible disruption of routine
activities, which could occur during influenza outbreaks.

The ACIP, NACI, and others state that, depending on vaccine availability,
influenza virus vaccine inactivated should be administered to any individual in
the general population (adult, adolescent, or child 6 months of age and older)
who wishes to reduce the likelihood of becoming ill with influenza (e.g., to re-
duce their chances of missing work or school as a consequence) or of transmit-
ting influenza to others. 

Otherwise healthy individuals should be informed that they should not
elect to get influenza vaccine solely on the basis of a misconception that influ-
enza immunization protects against other influenza-like illness or a misconcep-
tion that influenza immunization will aid in the differential diagnosis of influ-
enza-like symptoms that might occur during influenza season. Influenza
vaccine does not prevent influenza-like illness caused by infectious agents
other than influenza, and many vaccinated individuals will still get such infec-
tions. Most cases of influenza-like illness are not caused by influenza, but by
other viruses (e.g., rhinoviruses, respiratory syncytial virus [RSV], adenovi-
ruses, parainfluenza viruses) or, less commonly, by bacteria (e.g., Legionella,
Chlamydia pneumoniae, Mycoplasma pneumoniae, Streptococcus pneumo-
niae). Several patients with inhalational anthrax that occurred in the US during
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September and October 2001 in the context of bioterrorism-related exposures
to anthrax spores presented with symptoms of influenza-like illness. Receipt of
influenza vaccine will not definitely exclude influenza from the differential di-
agnosis of an influenza-like illness and will not increase the probability that
other agents (including SARS coronavirus or Bacillus anthracis) are the cause
of the illness. (For information on differential diagnosis of influenza-like ill-
nesses, including inhalational anthrax, see Differential Diagnosis of Influenza
and Influenza-like Illnesses under Uses: Treatment of Influenza A Virus Infec-
tions, in Amantadine Hydrochloride 8:18.04.)

There is some evidence that selective use of influenza virus vaccine inacti-
vated in healthy, working-age adults can be a highly cost-effective strategy. Re-
ductions in rates of illness (e.g., upper respiratory illness), sick leave (absentee-
ism), and clinician office visits have been reported in such adults who were
vaccinated compared with those who were not, but substantial cost benefits
may be limited to periods and circumstances associated with relatively high
rates of symptomatic influenza infection. While it appears that substantial cost
savings associated with routine immunization in such adults are less likely un-
der most circumstances in the US, situations in which influenza vaccination
programs can be seriously considered for healthy, working-age adults include
those in which transmission of influenza to individuals at high risk could occur
(e.g., in health-care workers), those in which the risk of an outbreak may be un-
usually high secondary to high population density and close proximity of
workers to one another, and those in which high rates of absenteeism might
disrupt severely a company’s productivity or provision of essential services to
the community. It also has been suggested that indirect cost benefits may result
from vaccination of healthy, nongeriatric adults, who otherwise would be po-
tential vectors of the disease, since any associated community decrease in the
incidence of influenza would decrease the likelihood of exposure of high-risk
individuals to the virus. Because the costs of the vaccine and time taken from
work to be vaccinated importantly influence cost-effectiveness, any such vacci-
nation program should be organized carefully to provide the vaccine conve-
niently and at the lowest possible cost.

Timing of Influenza Vaccination
Vaccination efforts should be structured to ensure vaccination of as many

individuals as possible over the course of several months, with emphasis on
vaccinating individuals before influenza activity begins in their community.

The optimal time to vaccinate against influenza in the US cannot be deter-
mined because influenza seasons vary in their timing and duration. Vaccination
efforts should begin as soon as vaccine is available (usually available begin-
ning in September or October) and continue throughout the influenza season.
Vaccine administered in December or later is likely to be beneficial, even if in-
fluenza activity has begun. To avoid missed opportunities for vaccination, pro-
viders should offer vaccination during routine health-care visits or during hos-
pitalizations whenever vaccine is available.

Vaccination of children 6 months through 8 years of age who are receiving
influenza vaccine for the first time can begin as soon as vaccine is available;
these children need to receive 2 doses before the onset of influenza activity.
Another group of children who should receive influenza vaccine as soon as it is
available are children 6 months through 8 years of age who were vaccinated for
the first time during the previous season and received only one dose; these chil-
dren also need to receive 2 doses before the onset of influenza activity. (See
Dosage and Administration: Dosage.)

 Information regarding influenza surveillance is available at http://
www.cdc.gov/flu; this information is updated weekly from October through
May. Information regarding influenza vaccine can be obtained by calling 800-
232-4636.

 CDC and other public health agencies continually assess the vaccine sup-
ply throughout the manufacturing period and will make any necessary recom-
mendations regarding the need for prioritization and tiered use of the vaccine
in different risk groups if there are vaccine shortages or delays in distribution.
Although supplies of inactivated influenza vaccine are expected to be adequate
for the 2008-2009 season, the US has experienced disruptions in the manufac-
ture or distribution of influenza virus vaccine inactivated during several recent
influenza seasons. 

There is some evidence that immune responses to influenza virus vaccine
inactivated can develop within 4–8 days following vaccination; however, pro-
tective antibody responses generally are attained within 2 weeks. Therefore, if
the vaccine is administered to high-risk individuals or health-care personnel
who care for high-risk individuals after a local outbreak of influenza has be-
gun, short-term prophylaxis with an antiviral agent may be indicated until the
expected antibody response to the vaccine develops. (See Adjunctive Antiviral
Prophylaxis under Uses: Management of Exposure.)

Prioritizing during Vaccine Shortages
Prior to the influenza season each year, there are uncertainties regarding

production of influenza vaccine, the number of doses that will become avail-
able, and the timing of distribution of the vaccine. The US has experienced dis-
ruptions in the manufacture or distribution of influenza virus vaccine inacti-
vated during several of the recent influenza seasons. Whenever there are

vaccine shortages, the ACIP and others state that providers should target vac-
cine that is available to those at high risk for serious complications associated
with influenza and to health-care workers and household contacts of children
younger than 6 months of age.

If recommendations are issued for priority vaccination, the recommenda-
tions do not apply to administration of influenza virus vaccine live intranasal.
During periods when influenza virus vaccine inactivated is in short supply, use
of influenza virus vaccine live intranasal is encouraged for eligible individuals.

Adjunctive Antiviral Prophylaxis
Although annual influenza vaccination is considered the primary means for

preventing influenza and its complications, antiviral agents are an important
adjunct for the control and prevention of influenza. However, antiviral agents
should not be considered a substitute for immunization with influenza virus
vaccine.

CDC has issued interim recommendations concerning the use of antiviral
agents for the 2008-2009 influenza season. The change in recommendations
was prompted by results of antiviral resistance testing that indicated almost all
influenza A (H1N1) viruses circulating in the US in late 2008 were resistant to
oseltamivir; these viruses were susceptible to zanamivir, amantadine, and
rimantadine. If an antiviral agent is indicated for the treatment of influenza ill-
ness and infection with influenza A (H1N1) is suspected, CDC recommends
zanamivir be used; oseltamivir in combination with rimantadine (amantadine
can be used if rimantadine is not available) is an alternative. If treatment is in-
dicated in a patient with influenza illness when infection with influenza A
(H3N2) or influenza B is likely or confirmed, oseltamivir or zanamivir can be
used. Individuals who are candidates for antiviral prophylaxis (e.g., residents
of assisted living facilities during an influenza outbreak, individuals at high
risk for influenza-related complications following household or other close
contact with an individual with laboratory-confirmed influenza) should receive
the agent most likely to be effective against the influenza virus that caused the
outbreak (if known). If an antiviral agent is indicated for the prevention of in-
fluenza due to potential exposure to an individual with laboratory-confirmed
influenza A (H3N2) or influenza B, oseltamivir or zanamivir can be used. For
exposure to influenza A (H1N1), zanamivir can be used for prophylaxis. If use
of zanamivir is contraindicated, rimantadine can be used.

CDC previously recommended a neuraminidase inhibitor (oseltamivir or
zanamivir) be used for treatment or prevention of influenza. During the 2005-
2006 influenza season, most influenza A (H3N2) strains circulating in the US
were resistant to adamantanes (amantadine, rimantadine), and resistance to
amantadine and rimantadine remained high among influenza A isolates during
the 2006–2007 and 2007-2008 influenza seasons. ACIP and CDC recom-
mended that amantadine and rimantadine not be used for prevention of influ-
enza in the US until susceptibility to these antivirals has been reestablished in
circulating influenza A viruses. 

Increased resistance to oseltamivir was reported among influenza A
(H1N1) viruses in many countries during the 2007–2008 influenza season, and
about 10% of H1N1 isolates in the US also were resistant to the drug. Almost
all influenza A (H1N1) viruses circulating in the US in late 2008 were resistant
to oseltamivir.

The ACIP and others state that short-term prophylaxis with antiviral agents
may be indicated as an adjunct to influenza virus vaccine inactivated for high-
risk individuals, household contacts of high-risk individuals, and health-care
personnel who receive influenza virus vaccine after influenza activity begins.
Antiviral prophylaxis also may be used in conjunction with influenza virus
vaccine inactivated or alone when there is an extensive outbreak of influenza in
a community, region, or institution; the antigens contained in the current vac-
cine do not closely match the circulating viral strain; or a poor antibody re-
sponse to the vaccine is expected (e.g., in patients with severe immunodefi-
ciency, including those with advanced HIV disease). Antiviral prophylaxis also
should be considered for high-risk patients when influenza virus vaccine is
contraindicated or unavailable.

If influenza virus vaccine inactivated is administered to high-risk individu-
als or to their care providers (e.g., health-care personnel) after a local outbreak
of influenza type A has begun and short-term antiviral prophylaxis is indicated
to provide protection until antibody responses to the vaccine develop, the anti-
viral agent has been given for 2–4 weeks after vaccination in adults. Because a
protective effect generally is achieved within 10–14 days after vaccination in
otherwise healthy adults, the ACIP and other clinicians suggest that at least 2
weeks of antiviral prophylaxis should be sufficient in these individuals. How-
ever, children younger than 9 years of age in this situation who are receiving
influenza virus vaccine inactivated for the first time may require 6 weeks of
prophylaxis (i.e., prophylaxis for 4 weeks after the first vaccine dose and an ad-
ditional 2 weeks after the second vaccine dose).

Most published reports on the use of antiviral drugs to control institutional
outbreaks of influenza are based on studies of influenza A outbreaks among
nursing home populations where amantadine or rimantadine were used. Lim-
ited information on use of oseltamivir or zanamivir for control of institutional
outbreaks of influenza A or B indicate that these agents are effective in reduc-
ing the incidence of influenza illness in this setting. The ACIP and others state
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that the decision whether or not to use antiviral prophylaxis as an adjunct to in-
fluenza virus vaccine inactivated in the prevention and control of influenza A
outbreaks in hospitals or other institutions should be based in part on results of
virologic and epidemiologic surveillance in the hospital and community. In ad-
dition to use in nursing homes, antiviral prophylaxis also can be considered for
controlling influenza outbreaks in other closed or semiclosed settings (e.g.,
dormitories, correctional facilities, other settings in which persons live in close
proximity). To limit the potential transmission of drug-resistant virus during
outbreaks in institutions, whether in chronic or acute-care settings or other
closed settings, measures should be taken to reduce contact between persons
taking antiviral drugs for treatment and other persons, including those taking
prophylaxis. If antiviral prophylaxis of high-risk individuals is undertaken to
control these nosocomial outbreaks, prophylaxis should be administered as
early in the outbreak as possible to reduce spread of the infection, given to all
residents regardless of their vaccination status during the previous fall, and
continued for at least 2 weeks or 7–10 days after illness onset in the last pa-
tient. For further information on adjunctive prophylaxis of influenza with anti-
viral agents, see Uses: Prevention of Influenza A Virus Infections, in Amanta-
dine Hydrochloride 8:18.04.

When initiated within 2 days of symptom onset in otherwise healthy adults,
oseltamivir or zanamivir can reduce the severity and duration of uncomplicated
influenza A or B illness by approximately 1 day. (See Oseltamivir Phosphate
8:18.28, and see Zanamivir 8:18.28.)

■ Avian Influenza A Virus Infections
Since 2003, highly pathogenic avian influenza A (H5N1) infection in poul-

try or wild birds has been reported in Asia (Cambodia, China, Hong Kong, In-
donesia, Japan, Laos, Malaysia, Mongolia, Myanmar, South Korea, Thailand,
Vietnam), Africa (Benin, Burkina Faso, Cameroon, Djibouti, Ghana, Ivory
Coast, Niger, Nigeria, Sudan), Europe and Eurasia (Albania, Austria, Azer-
baijan, Bosnia and Herzegovina, Bulgaria, Czech Republic, Croatia, Denmark,
France, Georgia, Germany, Greece, Hungary, Italy, Mongolia, Poland, Roma-
nia, Russia, Serbia and Montenegro, Slovak Republic, Slovenia, Spain, Swe-
den, Switzerland, Turkey, Ukraine, United Kingdom), and in Afghanistan,
Bangladesh, Egypt, India, Iran, Iraq, Israel, Jordan, Kazakhstan, Kuwait, Paki-
stan, and Saudi Arabia. Spread to poultry in additional countries is likely. Be-
tween December 2003 and September 2008, there were a total of 387 labora-
tory-confirmed human cases of avian influenza A (H5N1) infection (including
245 fatalities) reported to WHO. These human cases occurred in Azerbaijan,
Bangladesh, Cambodia, China, Djibouti, Egypt, Indonesia, Iraq, Laos, Myan-
mar, Nigeria, Pakistan, Thailand, Turkey, and Vietnam.

In addition to confirmed human cases of avian influenza A (H5N1) illness,
confirmed human cases of H7N2, H7N3, H7N7, and H9N2 avian influenza A
infection and illness have been reported in other countries (including a few
cases in Canada and the US). 

In response to recent outbreaks of avian influenza virus in poultry and re-
ported human cases of avian influenza A (H5N1), CDC issued recommenda-
tions for evaluation, reporting, laboratory testing, and enhanced influenza sur-
veillance for state health departments. CDC recommends that health-care
workers involved in the care of patients with suspected or documented avian
influenza be vaccinated with the current influenza virus vaccine. In addition,
CDC, the World Health Organization (WHO), and the Canadian NACI recom-
mend vaccination with the current influenza virus vaccine for individuals in-
volved in poultry culling operations who have direct contact with poultry po-
tentially infected with avian influenza. These recommendations are based on
the likelihood that the influenza virus vaccine would protect vaccine recipients
from human influenza strains, thereby reducing the potential for human-avian
reassortment of genes in an individual simultaneously infected with a human
and avian strain. If reassortment occurs, the likelihood that the avian influenza
A virus (e.g., H5N1) could be readily transmitted from person to person in-
creases. An influenza A (H5N1) virus vaccine has been approved by the FDA.
The vaccine is not available commercially but has been purchased by the US
Federal Government for inclusion in the National Stockpile.

Travelers to Areas with Avian Influenza A

The CDC does not recommend that the general public avoid travel to any of
the countries that have had poultry outbreaks or human cases of H5N1 avian
influenza A. However, CDC and WHO state that travelers to these areas can re-
duce their risk of infection by avoiding direct contact with poultry. Specifically,
the CDC recommends that such travelers avoid direct contact with poultry (in-
cluding touching well-appearing, sick, or dead chickens and ducks), avoid
places such as poultry farms and bird markets where live poultry are raised or
kept, and avoid handling surfaces contaminated with poultry feces or secre-
tions. Since transmission of H5N1 avian influenza viruses to 2 persons through
consumption of uncooked duck blood also may have occurred in Vietnam in
2005, uncooked poultry or poultry products (including eggs and poultry blood)
should not be consumed. Because influenza viruses are destroyed by heat, all
foods from poultry that comes from these areas (including eggs and poultry
blood) should be thoroughly cooked. Careful and frequent hand washing is an

important preventative practice against infectious diseases and hands should be
cleaned often.

The CDC also recommends enhanced surveillance for suspected avian in-
fluenza A among travelers with severe unexplained respiratory illness return-
ing from countries where avian influenza A has been reported. CDC recom-
mends that individuals who become ill while traveling to countries with avian
influenza A or shortly after leaving these countries (i.e., within 10 days) should
inform a clinician of their travel and whether they had direct contact with poul-
try. Available influenza virus vaccines provide protection only against those
strains from which the vaccines are prepared and closely related strains and are
unlikely to provide any protection against avian influenza A.

For additional information on avian influenza A, including risk of exposure
and infection and recommendations for treatment and prophylaxis, see Uses:
Avian Influenza A Virus Infection in Oseltamivir 8:18.28.

■ Pandemic Influenza
Influenza viruses can cause seasonal epidemics and, occasionally, global

pandemics (an epidemic that affects the whole population). The 3 most recent
influenza pandemics were the 1918 Spanish flu pandemic (caused more than
50 million deaths worldwide including about 675,000 deaths in the US), the
1957 Asian flu pandemic (caused about 70,000 deaths), and the 1968 Hong
Kong flu outbreak (caused about 34,000 deaths in the US).

For a pandemic to occur, a novel influenza strain that can infect humans
must emerge, against which all or most of the human population has no anti-
body; the strain must be capable of human-to-human transmission, causing
widespread illness. Usually this is the result of major antigenic shifts occurring
in circulating human viruses. However, the spread of the highly pathogenic
H5N1 strain of avian influenza A in poultry in Asian and other countries that
occurred in 2003–2008 also represents a future pandemic threat. If the avian
influenza virus reassorts with a human influenza virus (e.g., H3N2) in a dually
infected individual or nonhuman mammal or if virus mutations that foster
transmission occur, the resulting new virus variant could be capable of sus-
tained human-to-human transmission. WHO states that the risk of a pandemic
is great, but unpredictable in terms of timing and severity; all conditions for the
start of a pandemic are in place except a change in the H5N1 virus that would
make the virus contagious among humans. In preparation for a future influenza
pandemic, WHO has issued guidelines regarding use of vaccines and antivirals
in such a situation. In addition, the US Department of Health and Human Ser-
vices and US Homeland Security Council have issued recommendations for
pandemic influenza preparedness and response.

Although vaccination is the primary strategy to reduce the impact of a pan-
demic, available influenza virus vaccine provides protection only against those
strains from which the vaccine is prepared and closely related strains and
would not provide protection against new influenza subtypes, including avian
influenza strains. Therefore, US and global influenza surveillance is necessary
to provide warning signals regarding emerging new strains and allow time to
manufacture an appropriate vaccine.

 Influenza antiviral agents may be important for prophylaxis or treatment if
an influenza pandemic occurs. Because supplies of vaccine active against the
pandemic strain are likely to be limited or nonexistent at the beginning of an
influenza pandemic, antiviral agents may be the only virus-specific interven-
tion available during the initial phase. During a pandemic, use of antiviral
agents could reduce influenza-related morbidity, complications, hospitaliza-
tions, and other health-care needs, and might reduce mortality. Mass prophy-
laxis with antiviral agents around an initial localized outbreak might contain a
pandemic at its source or delay international spread. (For information on use of
antivirals in an influenza pandemic, see Uses: Pandemic Influenza, in Oselta-
mivir 8:18.28.)

Dosage and Administration

■ Administration
Inactivated influenza virus vaccines are administered by IM injection. The

vaccines should not be administered IV or subcutaneously. Influenza virus vac-
cine also is administered intranasally to adults and children as a live, attenuated
(cold-adapted) vaccine. (See Influenza Virus Vaccine Live Intranasal 80:12.)

To ensure delivery into muscle, IM injections should be made at a 90° an-
gle to the skin using a needle length appropriate for the individual’s age and
body mass. In adults and adolescents, IM injection of influenza virus vaccine
inactivated should preferably be made in the region of the deltoid muscle. In
children 3 years of age or older, IM injections should be made into the deltoid
muscle if muscle mass is adequate; alternatively, the anterolateral thigh can be
used. In children 6 months to 2 years of age, IM injections should preferably be
made in the anterolateral aspect of the thigh.

Vaccines should not be administered into the buttock muscle because of the
potential for injection-associated injury to the sciatic nerve nor into any area
where there may be a major nerve trunk.

Influenza virus vaccine inactivated should be inspected visually for particu-
late matter and discoloration prior to administration. Vials containing the vac-
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cine should be shaken well before withdrawing a dose. Prefilled syringes
should be shaken well before administering a dose. Although some manufac-
turers and some experts recommend that aspiration be performed after the nee-
dle has been inserted to ensure that a blood vessel has not been entered, the US
Public Health Service Advisory Committee on Immunization Practices (ACIP)
states that no data exist to document the necessity for this procedure. 

Influenza virus vaccine inactivated should not be mixed with any other vac-
cine or solution.

Influenza virus vaccine inactivated may be administered simultaneously
with other vaccines during the same health-care visit. When multiple vaccines
are administered during a single health-care visit, each vaccine should be given
with a different syringe and at different injection sites. Injection sites should be
separated by at least 1 inch (if anatomically feasible) to allow appropriate attri-
bution of any local adverse effects that may occur.

Influenza virus vaccine inactivated should be administered every year be-
fore exposure to influenza. Optimum time for annual vaccination cannot be de-
termined since influenza seasons vary in timing and duration. In the US, local-
ized influenza outbreaks indicating start of the season can occur as early as
October; peak influenza activity often occurs in January or February, but has
occurred as late as April or May. Vaccination efforts should be started each
year as soon as influenza vaccine is available (usually available beginning in
September or October) and should be continued throughout influenza season.

■ Dosage
Dose and dosing schedule of influenza virus vaccine inactivated depend on

the individual’s age, vaccination status, and specific product administered.
A single-dose regimen is used in adults and children 9 years of age or older.

To promote an adequate antibody response, a 2-dose regimen is used in chil-
dren 6 months to 8 years of age who have not previously received influenza
vaccine.

Afluria®, Fluarix®, and FluLaval® influenza virus vaccines inactivated
2008-2009 are used only in adults 18 years of age or older.

Fluzone® influenza virus vaccine inactivated 2008-2009 may be used in
adults, adolescents, and children 6 months of age or older. Fluvirin® influenza
virus vaccine inactivated 2008-2009 may be used in adults, adolescents, and
children 4 years of age or older.

Adult Dosage

Afluria®, Fluarix®, FluLaval®, Fluvirin®, or Fluzone®. The usual adult
dosage is 0.5 mL administered as a single dose.

Pediatric Dosage®

Fluzone®. In adolescents and children 9 years of age or older, the usual
dosage of Fluzone® is 0.5 mL administered as a single dose.

To promote an adequate antibody response, children 6 months to 8 years of
age who have not previously received any doses of influenza virus vaccine in-
activated should receive a 2-dose regimen the first time they are vaccinated.
Children 6–35 months of age who have not previously received any doses of
influenza virus vaccine should receive two 0.25-mL doses of Fluzone® admin-
istered at least 1 month apart and children 3–8 years of age who have not previ-
ously received any doses of influenza virus vaccine should receive two 0.5-mL
doses of Fluzone® administered at least 1 month apart.

In children 6 months to 8 years of age who received 2 doses of influenza
vaccine during a single previous season, the usual dosage of Fluzone® is 0.25
mL administered as a single dose in those 6–35 months of age and 0.5 mL ad-
ministered as a single dose in those 3–8 years of age.

If a child 6 months to 8 years of age received influenza vaccine for the first
time in the previous season and did not receive a second dose within the same
season, ACIP and the American Academy of Pediatrics (AAP) recommend that
the child receive 2 doses the following season.

Fluvirin®. In adolescents and children 9 years of age or older, the usual
dosage of Fluvirin® is 0.5 mL administered as a single dose.

To promote an adequate antibody response, children 4–8 years of age who
have not previously received any doses of influenza virus vaccine should re-
ceive two 0.5-mL doses of Fluvirin® administered at least 1 month apart.

Children 4–8 years of age who received 2 doses of influenza vaccine during
a single previous season should receive a single 0.5-mL dose of Fluvirin®.

If a child 4–8 years of age received influenza vaccine for the first time in
the previous season and did not receive a second dose within the same season,
ACIP and AAP recommend that the child receive 2 doses the following season.

Cautions

■ Local Effects
The most frequent adverse effects of influenza virus vaccine inactivated are

local effects. Soreness at the injection site has been observed in 10–64% of in-
dividuals receiving influenza virus vaccine inactivated. These local reactions
generally are mild to moderate in severity and persist up to 2 days, but rarely
interfere with normal activities. Acetaminophen (e.g., 650 mg in adults at the

time of vaccination and every 4 hours for 3 additional doses) may reduce the
incidence of local reactions (e.g., soreness).

There is some evidence that adverse local effects (e.g., soreness) of influ-
enza virus vaccine inactivated may be reported more frequently in children and
in women. In a study of asthmatic children 9 months to 18 years of age, local
pain and swelling were reported in 20–28% of vaccinees; in a study in children
6 months to 4 years of age with chronic heart or lung disease, 23% had local re-
actions to the vaccine. Results of another study in children indicate that there is
no difference in the incidence of local reactions to influenza vaccination be-
tween those with high-risk medical conditions and healthy children.

The frequency and severity of local reactions (e.g., tenderness, erythema)
may be increased following administration of the vaccines using a multidose
jet injector compared with a conventional syringe and needle.

■ Systemic Effects
Because inactivated influenza virus vaccines contain only inactivated influ-

enza viruses, they cannot cause influenza infection. Cases of respiratory illness
that occur following administration of influenza virus vaccine inactivated are
coincidental and unrelated to influenza vaccination. Unfortunately, because the
timing of influenza immunization programs coincides with peak periods for
other respiratory illnesses, many patients conclude incorrectly that the develop-
ment of a respiratory illness following vaccination resulted from the vaccine it-
self, and then often avoid future influenza vaccination. Confusion between lay
and medical use of the term “flu” also may contribute to patient misconcep-
tions. Therefore, patients should be advised that the vaccine contains noninfec-
tious killed viruses and cannot cause influenza (the “flu”); they also should be
advised of the coincidental and unrelated nature of any temporally associated
respiratory illness.

The major adverse effects of influenza vaccines inactivated are systemic re-
actions, including fever, malaise, myalgia, and other systemic manifestations,
which generally begin 6–12 hours after administration of the vaccine and per-
sist for 1 or 2 days. Such systemic reactions occur infrequently and usually are
attributed to the inactivated influenza virus contained in the vaccine and occur
most frequently in young children and other individuals who have not been ex-
posed previously to the influenza virus antigens contained in the vaccine. In a
study of healthy children receiving influenza virus vaccine inactivated, fever
was reported in 11.5, 4.6, and 5.1% of those aged 1–5, 6–10, and 11–15 years,
respectively. In another study in children 6 months to 4 years of age, fever oc-
curred in 27% and irritability and insomnia occurred in 25%. Results of pla-
cebo-controlled studies in healthy young adults and geriatric individuals indi-
cate that the incidence of adverse systemic effects (e.g., fever, malaise,
myalgia, headache) following administration of split-virus inactivated influ-
enza vaccine is similar to that reported following placebo injections.

Headache, GI manifestations (e.g., nausea), and lymphadenitis also have
been reported. Rarely, administration of influenza virus vaccine inactivated has
been associated temporally with the development of angiopathy, microscopic
polyangiitis (vasculitis), uveitis, dermatomyositis, or arthritis or other rheu-
matic complications. It is unclear whether patients with rheumatoid arthritis
are at increased risk of arthritis flare following influenza vaccination. At least
one case of acute symmetrical polyarthropathy, orbital myositis, and posterior
scleritis was postulated as being a sensitivity reaction to the vaccine. Although
a causal relationship has not been established, the onset of Gianotti-Crosti syn-
drome (a papular acrodermatitis) in a hepatitis B virus-infected woman and of
erythromelalgia (palmar and plantar erythema, burning pain, and increased
skin temperature) in a child were associated temporally with administration of
inactivated influenza virus vaccine.

Oculorespiratory Syndrome
During the 2000–2001 influenza vaccination season, an oculorespiratory

syndrome (ORS) was reported in at least 960 individuals who received influ-
enza virus vaccine inactivated in Canada. The syndrome was defined as the
presence of bilateral red eyes and/or at least one of several respiratory symp-
toms (i.e., cough, wheeze, chest tightness, difficulty breathing, difficulty swal-
lowing, hoarseness, sore throat) and/or facial edema occurring within 24 hours
after influenza vaccination and resolving within 48 hours. The syndrome gen-
erally was mild and self-limited. Although the pathophysiologic mechanism
for ORS is unknown, it was considered distinct from IgE-mediated allergy.
Most reported cases (96%) occurred following receipt of one specific influenza
virus vaccine inactivated preparation (Fluviral® S/F; not commercially avail-
able in the US). To further evaluate the risk of ORS, controlled studies were
done in Canada the following year using the 2001–2002 Fluviral® S/F prepara-
tion in adults with or without a history of ORS following influenza vaccination
the previous year. Results in adults without a prior history of the adverse effect
indicated that the risk of developing ORS, defined as onset of bilateral red
eyes, respiratory symptoms (cough, wheeze, chest tightness, difficulty breath-
ing, difficulty swallowing, hoarseness or sore throat), and/or facial swelling
within 2–24 hours after vaccination, was 6.3% in those who received Fluviral®

S/F and 3.5% in those who received placebo. However, the study in those with
a prior history of ORS was terminated early because the vaccine-attributable
risk of the syndrome exceeded 10% in these individuals.
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Approximately 5–34% of patients who previously experienced ORS have a
recurrence attributable to influenza vaccine, but most recurrences are less se-
vere than the previous episode. Individuals who have a recurrence of ORS fol-
lowing subsequent vaccination do not necessarily experience further episodes
with future vaccinations.

Sensitivity Reactions

Immediate, presumably allergic reactions to influenza virus vaccine inacti-
vated, including urticaria, angioedema, anaphylaxis, and allergic asthma, occur
rarely. These hypersensitivity reactions may result from sensitivity to some
vaccine component; the majority of such reactions most likely are related to re-
sidual egg protein that may be present in minute amounts. (See Sensitivity Re-
actions under Cautions: Precautions and Contraindications.) Henoch-Schoen-
lein purpura, which appeared to be a hypersensitivity reaction, has been
reported in at least one individual who received influenza virus vaccine inacti-
vated.

Although bronchoprovocation tests have shown increased bronchial reac-
tivity is some asthmatics for several days after vaccination with influenza virus
vaccine inactivated and an association between vaccination and asthma exacer-
bations and/or decreased pulmonary function (e.g., peak expiratory flow) has
been reported occasionally, such studies were poorly designed (e.g., no placebo
control) and other studies have been unable to confirm such findings. One ran-
domized, double-blind, placebo-controlled cross-over study in children and
adults 3–64 years of age with asthma found no increase in asthma exacerba-
tions during the 2 weeks after administration of influenza virus vaccine inacti-
vated. Therefore, most experts, including the US Public Health Service Advi-
sory Committee on Immunization Practices (ACIP), the American Academy of
Pediatrics (AAP), and the Canadian National Advisory Committee on Immuni-
zation (NACI), recommend annual vaccination with influenza virus vaccine in-
activated in asthmatics since the benefits of influenza vaccination outweigh the
risks of asthma exacerbations and influenza infection.

Guillain-Barré Syndrome

In 1976, a temporal association was noted between administration of A/
New Jersey/76 (swine) influenza vaccine and Guillain-Barré syndrome (GBS,
polyradiculoneuritis). Epidemiologic evidence indicates that the associated
risk between administration of this vaccine and GBS did not extend beyond 6
weeks after vaccination. GBS is characterized by ascending symmetric paraly-
sis that usually begins in the legs and usually is self-limited and reversible. Al-
though the immunologic events leading to GBS have not been fully elucidated,
the syndrome is mediated through an immune response that results in direct de-
struction of either the myelin sheath surrounding the peripheral nerves or the
axon itself, and it may or may not follow triggering events such as vaccination.
The rate of GBS that exceeded the background rate of 10–20 cases per million
in adults who received A/New Jersey/76 (swine) influenza vaccine was slightly
less than 10 additional cases per million vaccinees.

An increased risk of developing GBS was not clearly evident with subse-
quent influenza vaccine formulations prepared from other virus strains, but it is
difficult to estimate precisely the risk for a condition as rare as GBS. In addi-
tion, vaccinees who received the A/New Jersey/76 (swine) influenza vaccine
have not been shown to exhibit an increased risk of GBS with subsequent vac-
cine formulations.

During 3 of 4 influenza seasons studied from 1977–1991, point estimates
of overall relative risks of GBS among vaccinees were elevated slightly; how-
ever, in none of these studies was the overall elevation statistically significant.
In the 1992–1993 and 1993–1994 seasons, an increase to 1.7 of the overall rel-
ative risk of GBS adjusted for age, gender, and vaccine season was observed
during the 6 weeks after vaccination, with the combined number of GBS cases
peaking 2 weeks after vaccination. Although there was concern that the in-
creased number of case reports of GBS associated with the 1993–1994 season
relative to the 1992–1994 season may have represented an increased GBS risk
with the 1993–1994 vaccine, epidemiologic analysis showed that there was no
increase in vaccine-associated GBS between these seasons. Estimates from
these seasons suggest slightly more than one additional case of GBS per mil-
lion influenza vaccinees.

Investigations to date suggest no large increase in GBS associated with in-
fluenza vaccine (other than the swine influenza vaccine in 1976) and if influ-
enza vaccine does pose a risk it probably is quite small (i.e., slightly more than
1 case per million vaccinees). Cases of GBS following influenza infection have
been reported, but no epidemiologic studies have documented an association.
Good evidence exists that several infectious illnesses, most notably Campylo-
bacter jejuni as well as upper respiratory infections in general, are associated
with GBS.

Even if GBS truly were an adverse effect of influenza virus vaccine inacti-
vated in the years subsequent to 1976, the estimated risk for GBS of approxi-
mately 1 additional case per million vaccinees is much less than the 1976 rate
and substantially less than the risk for severe influenza, which can be prevented
by vaccination in all age groups, particularly for those 65 years of age and
older and for individuals who have medical indications for vaccination. There

is no evidence that the case-fatality ratio for GBS differs among vaccinated and
unvaccinated individuals.

During influenza epidemics from 1979–2001, the estimated annual average
of influenza-associated hospitalizations was 226,000. Approximately 36,000
deaths per season occurred during 1990–1999; geriatric adults account for
more than 90% of deaths attributed to pneumonia and influenza. Therefore, the
ACIP states that the potential benefits of influenza vaccination in preventing
serious illness, hospitalization, and death greatly outweigh the possible risks
for vaccine-associated GBS.

The risk of developing GBS is increased substantially in individuals with a
history of GBS. Therefore, the likelihood of coincidentally developing GBS af-
ter influenza vaccination probably is greater among those with a history of
GBS than among those without such a history. Whether a causal relationship
exists between vaccination and this risk of recurrence of GBS is not known.
(See Cautions: Precautions and Contraindications.)

The ACIP states that the benefits of influenza vaccination may outweigh
risks in individuals with a history of GBS who are at high risk for severe influ-
enza-related complications. However, it may be prudent to avoid the vaccine in
individuals who are not at high risk for severe influenza complications if they
experienced GBS within 6 weeks after previous influenza vaccination. Clini-
cians may consider using influenza antiviral prophylaxis instead of vaccination
for these individuals. 

Other Neurologic Effects
Neurologic disorders (not defined as GBS) have been temporally associ-

ated with influenza vaccination, including encephalopathy, encephalomyelitis,
amyotrophic lateral sclerosis (Charcot syndrome, Lou Gehrig disease), trigem-
inal neuralgia, optic neuritis/neuropathy, partial facial paralysis, brachial neuri-
tis, nonspecific neuritis, demyelinating disorder, labyrinthitis, meningitis, par-
esthesia, hypoesthesia, and brachial plexus neuropathy. Transverse myelitis has
been reported rarely.

A placebo-controlled study of influenza immunization in patients with
multiple sclerosis found no association between the rate of neurologic exacer-
bation of the disease postvaccination nor a change in disease progression over
the subsequent 6 months of follow-up. In another study that surveyed patients
with multiple sclerosis who were identified through a registry of the disease,
no deleterious effect from vaccination was observed in patients with primary
progressive multiple sclerosis, and the neurologic exacerbation rate was sub-
stantially greater following influenza illness than following vaccination in pa-
tients with relapsing multiple sclerosis.

Influenza virus vaccine inactivated is not known to predispose to the devel-
opment of Reye’s syndrome.

■ Precautions and Contraindications

Sensitivity Reactions
While the potential exists for hypersensitivity reactions to any vaccine

component, immediate hypersensitivity reactions to inactivated influenza virus
vaccines are rare and most likely related to residual egg protein present in the
vaccine.

Inactivated influenza virus vaccines should not be administered to individ-
uals with a history of immediate hypersensitivity reaction, especially anaphy-
lactic reactions, to a previous dose, to chicken eggs or egg products, or to other
ingredients in the respective vaccine formulation without first consulting a cli-
nician and conducting an appropriate allergy evaluation and possible desensiti-
zation.

 Although available influenza virus vaccines contain only small quantities
of egg protein, this protein may induce immediate hypersensitivity reactions in
individuals with severe egg allergy. Individuals who have developed urticaria,
had swelling of the lips or tongue, or experienced acute respiratory distress or
circulatory collapse following ingestion of eggs should consult a clinician for
appropriate evaluation to assist in determining whether influenza vaccination
can be undertaken safely or should be deferred. Individuals who have had a
documented IgE-mediated hypersensitivity reaction to eggs and individuals
who because of occupational exposure to egg protein have developed signs of
occupational asthma or other allergic response from exposure to egg protein
also may be at increased risk for hypersensitivity reactions following adminis-
tration of influenza virus vaccine inactivated, and similar consultation with a
clinician should be considered. Asking individuals whether they can eat eggs
without adverse effects is a reasonable method to screen for those who may be
at risk from receiving influenza virus vaccine inactivated. Individuals who are
able to eat eggs or egg products safely usually can receive influenza virus vac-
cine inactivated; those with a history of anaphylactic or other immediate hyper-
sensitivity reaction (e.g., hives, angioedema, allergic asthma) to eggs or egg
proteins should not receive the vaccine. The AAP states that, although influ-
enza virus vaccine inactivated has been administered safely to such children af-
ter skin testing and desensitization, children with severe anaphylactic reactions
to eggs generally should not receive influenza vaccine because of their risk of
reactions, the likely need for annual vaccination, and the availability of antivi-
ral agents for prophylaxis against influenza infection.
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Because Afluria® contains trace amounts of neomycin sulfate (0.2 pico-
grams or less per dose) and polymyxin B (0.03 picograms or less per dose), the
manufacturer states that the vaccine is contraindicated in individuals hypersen-
sitive to these anti-infectives. Neomycin allergy usually results in delayed-type
(cell-mediated) hypersensitivity reactions manifested as contact dermatitis.
The ACIP and AAP state that vaccines containing trace amounts of neomycin
should not be used in individuals with a history of anaphylactic reaction to neo-
mycin, but may be considered in those with a history of delayed-type neomy-
cin hypersensitivity if the benefits of vaccination outweigh risks.

All multiple-dose vials of influenza virus vaccine contain thimerosal as a
preservative; some preparations of the vaccine in prefilled syringes are preser-
vative-free but contain trace amounts of thimerosal from the manufacturing
process. (See Thimerosal Precautions under Cautions: Systemic Effects.) Hy-
persensitivity reactions to thimerosal have been reported in some individuals.
These reactions usually manifest as local, delayed-type hypersensitivity reac-
tions (e.g., erythema, swelling), but a generalized reaction manifested as pruri-
tus and an erythematous, maculopapular rash on all 4 extremities has been re-
ported rarely. Even when patch or intradermal tests for thimerosal sensitivity
are positive, most individuals do not develop hypersensitivity reactions to
thimerosal administered as a component of vaccines. ACIP states that a history
of delayed-type hypersensitivity to thimerosal is not a contraindication to use
of vaccines that contain thimerosal. 

Some components of the commercially available prefilled syringes contain-
ing Fluarix® inactivated influenza virus vaccine (tip cap, plunger) contain nat-
ural latex proteins in the form of dry natural rubber and/or natural rubber latex
(see the manufacturer’s labeling). Some individuals may be hypersensitive to
natural latex proteins found in a wide range of medical devices, including such
packaging components, and the level of sensitivity may vary depending on the
form of natural rubber present; rarely, hypersensitivity reactions to natural la-
tex proteins have been fatal.Therefore, while the specific risk cannot necessar-
ily be predicted, health-care professionals should take appropriate precautions
when administration of such influenza virus vaccine preparations is considered
for individuals with a history of natural latex sensitivity. The ACIP and others
state that a history of nonsevere allergy to latex is not a contraindication to in-
fluenza virus vaccine inactivated.

Guillain-Barré Syndrome and Other Neurologic Conditions
The ACIP states that, although it may seem prudent to avoid influenza vac-

cination in individuals who developed GBS within 6 weeks of a previous influ-
enza vaccination, the established benefits of influenza vaccination in prevent-
ing serious illness, hospitalization, and death justify annual immunization for
most individuals with a history of GBS who are at high risk for severe influ-
enza-related complications. However, as an alternative, the ACIP states that
clinicians might consider the use of antiviral prophylaxis for these individuals.

 Based principally on theoretical concerns, some clinicians recommend that
influenza vaccination probably should be avoided in patients with chronic in-
flammatory demyelinating polyneuropathy, except in those at substantial risk
from influenza complications.

Individuals with Altered Immunocompetence
Inactivated influenza virus vaccine may be administered to individuals im-

munosuppressed as the result of disease or immunosuppressive therapy. How-
ever, the possibility that the immune response to the vaccine and efficacy may
be reduced in these individuals should be considered.

Although data are limited regarding the safety of parenteral influenza virus
vaccine inactivated in HIV-infected individuals, there is no evidence that use of
the vaccine has any clinically important effect on HIV infection or immuno-
competence. However, antibody response may be reduced in HIV-infected in-
dividuals and is inversely correlated with the severity of the disease. The vac-
cine has been highly effective in preventing symptomatic, laboratory-
confirmed influenza infection in HIV-infected individuals with mean CD4+ T-
cell counts of 400/mm3, but may be less effective in those with more advanced
disease and lower CD4+ T-cell counts (e.g., less than 100/mm3). A second dose
of influenza vaccine does not appear to improve immune response in these in-
dividuals; use of influenza antiviral prophylaxis can be considered.

Influenza vaccination may not be effective if given less than 6 months after
hematopoietic stem cell transplantation (HSCT).

Thimerosal Precautions
Although there is no convincing evidence that the low concentrations of

thimerosal (a mercury-containing preservative) contained in some vaccines is
harmful to vaccine recipients, efforts to eliminate or reduce the thimerosal con-
tent in vaccines is recommended as a prudent measure to reduce mercury expo-
sure in infants and children and part of an overall strategy to reduce mercury
exposures from all sources, including food and drugs. 

The toxicity of mercury is affected by many variables, including the ele-
mental form and amount of mercury involved in the exposure, route of entry,
and age during exposure. Mercury is ubiquitous in the environment and is
found in water, soil, plants, and animals, usually as inorganic mercury salts.
Mercury accumulates in the aquatic food chain, principally as methylmercury,
and one of the most common environmental exposures to organic mercury is

through consumption of predator fish. Methylmercury is less readily elimi-
nated from the body than inorganic mercury and is a known neurotoxin.

Thimerosal is a mercury-containing organic compound (organomercurial)
that is used as a preservative in vaccines and other biologicals. Thimerosal is
approximately 50% mercury by weight and is metabolized or degraded into
ethylmercury and thiosalicylate. Ethylmercury is a different chemical entity
than methylmercury. Although the toxicologic profile of ethylmercury derived
from thimerosal is believed to be similar to that of ethylmercury from other
sources, there is little data regarding the comparative toxicities of ethyl- verus
methylmercury. 

As part of an ongoing review of biologic products in response to the Food
and Drug Administration (FDA) Modernization Act of 1997, FDA conducted a
comprehensive review of the use of thimerosal in childhood vaccines and eval-
uated the amount of mercury an infant might receive with the US recom-
mended childhood immunization schedule. Because there were no existing
guidelines for exposure to ethylmercury, FDA used existing guidelines for ex-
posure to methylmercury that suggested that safe exposure levels for methylm-
ercury range from 0.1 mcg/kg daily (Environmental Protection Agency [EPA])
to 0.47 mcg/kg daily (World Health Organization [WHO]). More recently,
some experts have suggested that maximum methylmercury exposure levels of
0.1 mcg/kg daily are scientifically justified for protection of human health. Us-
ing data regarding the vaccine preparations available at the time of the review
(1999), the FDA determined that the maximum cumulative exposure to mer-
cury from the multiple vaccines in the recommended childhood immunization
schedule was within the acceptable limits for methylmercury exposure set by
WHO, FDA, and the US Agency for Toxic Substances and Disease Registry
(ATSDR); however, depending on the specific vaccine formulations and the
weight of the infant, use of multiple thimerosal-containing vaccines during the
first 6 months of life potentially could expose some infants to cumulative levels
of mercury that were higher than those recommended by EPA. As a result, vac-
cine manufacturers and FDA worked to develop and expedite approval of vac-
cine formulations that either had no mercury-containing preservatives (thime-
rosal-free) or greatly reduced concentrations of thimerosal (thimerosal-
reduced).

When thimerosal is used as a preservative in vaccines, it is present in con-
centrations up to 0.01% (up to 50 mcg of thimerosal per 0.5 mL or up to ap-
proximately 25 mcg of mercury per 0.5 mL). According to FDA, a vaccine is
thimerosal-free if no thimerosal can be measured (i.e., thimerosal content is be-
low the limits of detection). Thimerosal-reduced vaccines do not contain
thimerosal as a preservative, but may contain trace amounts (1 mcg or less of
mercury per dose) from the manufacturing process. Therefore, some vaccines
may be preservative-free but may have trace amounts of thimerosal remaining
from the manufacturing process. FDA states that these trace amounts are not
considered clinically important and would not result in mercury exposure ex-
ceeding existing federal guidelines.

As a result of efforts initiated in 1999 to remove or reduce thimerosal in
vaccines and expedite development and approval of preservative-free vaccines,
all vaccines included in the US Childhood and Adolescent Immunization
Schedule (see Immunization Schedules, US 80:00) are currently commercially
available in the US as preparations that either are thimerosal-free or contain
only trace amounts of thimerosal. However, there still are antivenins and some
vaccines commercially available in the US that contain thimerosal as a preser-
vative, including some preparations of influenza virus vaccine inactivated,
some preparations of tetanus toxoid adsorbed, meningococcal polysaccharide
vaccine (MPSV4; Menomune®), and Japanese encephalitis virus vaccine.

Influenza virus vaccine inactivated is now commercially available in pre-
filled syringes as preservative-free formulations that do not contain thimerosal
and in prefilled syringes as preservative-free formulations that contain only
trace amounts of thimerosal from the manufacturing process (1 mcg or less of
mercury per 0.5-mL dose), Only multiple-dose vials of inactivated influenza
virus still contain thimerosal as a preservative (25 mcg or less of mercury per
0.5-mL dose). Influenza virus vaccine live intranasal does not contain thimero-
sal.

Although it was suggested that thimerosal in vaccines theoretically could
have adverse effects in vaccine recipients, there is no conclusive evidence that
the low levels of thimerosal contained in vaccines cause harm in vaccine recip-
ients. A link between thimerosal in vaccines and neurodevelopmental disorders
in children (autism, attention deficit/hyperactivity disorder [AHDH], speech or
language delay) possibly related to mercury neurotoxicity has been theorized;
however, considerable evidence has accumulated that supports the absence of
substantial risk for neurodevelopmental disorders or other harm resulting from
exposure to thimerosal-containing vaccines. In 2004, the Immunization Safety
Review Committee of the Institute of Medicine (IOM) examined the hypothe-
sis that thimerosal-containing vaccines are causally associated with autism and
concluded that the body of epidemiologic evidence favors rejection of a causal
relationship between these vaccines and autism.

Analysis of adverse effects reported to the Vaccine Adverse Event Report-
ing System (VAERS) indicate that there is no difference in the incidence of in-
jection site reactions, rash, or infections in infants 6–23 months of age who re-
ceived preservative-containing (thimerosal-containing) influenza virus vaccine
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inactivated compared with those who received preservative-free preparations
of the vaccine. To date, the only adverse effects known to be caused by thime-
rosal contained in vaccines are hypersensitivity reactions. (See Sensitivity Re-
actions under Cautions: Precautions and Contraindications.) There has been no
convincing evidence that toxicity has occurred as the result of thimerosal con-
tained in vaccines, but mercury toxicity has been observed in patients who re-
ceived extremely high overdosage of other thimerosal-containing products (to-
tal thimerosal doses ranging from approximately 3 mg/kg to several hundred
mg/kg). There is data indicating that mercury concentrations in blood of in-
fants 2–6 months of age who received thimerosal-containing vaccines are con-
siderably lower than concentrations associated with toxic effects. The AAP
states that infants and children who have received thimerosal-containing vac-
cines do not need to have blood, urine, or hair tested for mercury because the
concentrations of mercury would be quite low and would not require treatment.

The US Public Health Service (USPHS), ACIP, AAP, American Academy
of Family Physicians (AAFP), and other experts state that use of vaccines that
contain thimerosal is preferable to withholding vaccination since failure to pro-
vide protection against vaccine-preventable diseases may represent an immedi-
ate threat, especially in infants. ACIP states that benefits of influenza vaccina-
tion for all recommended groups (including pregnant women and young
children) outweigh concerns related to theoretical risks of thimerosal exposure
from vaccination with preparations containing thimerosal. AAP states that the
benefits of protecting children (including children at high risk with underlying
CNS disorders) against the known risks of influenza outweigh the hypothetical
risks associated with the minute amounts of thimerosal contained in some cur-
rently available influenza vaccine preparations. 

Afluria® is commercially available in 0.5-mL prefilled syringes as a preser-
vative-free formulation (thimerosal was not used in the manufacturing process)
and in multiple-dose vials that contain thimerosal as a preservative (24.5 mcg
of mercury per 0.5-mL dose).

Fluarix® is commercially available in 0.5-mL prefilled syringes as a preser-
vative-free formulation that contains only trace amounts of thimerosal from the
manufacturing process (1 mcg or less of mercury per 0.5-mL dose).

FluLaval® is commercially available in multiple-dose vials that contain
thimerosal as a preservative (25 mcg of mercury per 0.5-mL dose).

Fluvirin® is commercially available in the US in multiple-dose vials that
contain thimerosal as a preservative (25 mcg of mercury per 0.5-mL dose) and
in 0.5-mL prefilled syringes as a preservative-free formulation that contains
only trace amounts of thimerosal from the manufacturing process (1 mcg or
less of mercury per 0.5-mL dose).

Fluzone® is commercially available in 0.25- and 0.5-mL prefilled syringes
and in 0.5-mL vials as a preservative-free formulation (thimerosal was not used
in the manufacturing process) and also is available in multiple-dose vials as a
formulation containing thimerosal as a preservative (25 mcg of mercury per
0.5-mL dose).

Limitations of Vaccine Effectiveness
Inactivated influenza virus vaccine may not protect all vaccine recipients

against influenza. In addition, it may require up to 2 weeks for protection to de-
velop following influenza vaccination.

Influenza vaccine is formulated annually to contain influenza A and B anti-
gens predicted to represent strains of influenza virus likely to circulate in the
US during the upcoming influenza season. Efficacy during any given year de-
pends on how closely viral strains represented in the vaccine match viral
strains circulating during the season.

Concomitant Illness
The decision whether to administer or delay administration of influenza vi-

rus vaccine in an individual with a current or recent febrile illness depends
largely on the severity and etiology of the illness. Immunization of individuals
with acute, moderate or severe febrile illness, including febrile respiratory or
other active infection, generally should be deferred until they have recovered to
avoid superimposing adverse effects of the vaccine on the underlying illness or
to avoid mistakenly concluding that a manifestation of the underlying illness
resulted from vaccination. Minor illness, such as mild diarrhea, mild upper res-
piratory infection (with or without low-grade fever), or other low-grade febrile
illness, does not preclude vaccination.

Individuals with Bleeding Disorders
Because bleeding may occur following IM administration of influenza vac-

cine in individuals with thrombocytopenia or a bleeding disorder (e.g., hemo-
philia) or in those receiving anticoagulant therapy, caution should be used in
such individuals.

ACIP states that vaccines may be given IM to individuals who have bleed-
ing disorders or are receiving anticoagulant therapy if a clinician familiar with
the patient’s bleeding risk determines that the preparation can be administered
with reasonable safety. In these cases, a fine needle (23 gauge) should be used
to administer the vaccine, and firm pressure applied to the injection site (with-
out rubbing) for at least 2 minutes. If the patient is receiving antihemophilia
therapy, the IM vaccine should be administered shortly after a scheduled dose

of such therapy. Vaccine recipients and/or their family members should be ad-
vised about the risk of hematoma from IM injections.

Improper Storage and Handling
Improper storage or handling of vaccines may result in loss of vaccine po-

tency and reduced immune response in vaccinees.
All vaccines should be inspected upon delivery and monitored during stor-

age to ensure that the appropriate storage temperature is always maintained.
(See Stability under Chemistry and Stability.)

 Vaccine that has been mishandled or has not been stored at the recom-
mended temperature should not be administered. If there are concerns about
mishandling, the manufacturer or state or local health departments should be
contacted for guidance on whether the vaccine is usable.

■ Pediatric Precautions
Safety and efficacy of Fluzone® influenza virus vaccine inactivated 2008-

2009 have not been established in infants younger than 6 months of age.
Safety and efficacy of Fluvirin® influenza virus vaccine inactivated 2008-

2009 have not been established in children younger than 4 years of age.
Afluria®, Fluarix®, and FluLaval® influenza virus vaccine inactivated

2008-2009 should not be used in children younger than 18 years of age.
Safety and efficacy of influenza virus vaccine inactivated have not been es-

tablished in infants younger than 6 months of age. Influenza virus vaccine in-
activated is less immunogenic in infants younger than 6 months of age than in
those 6–18 months of age. Use of influenza virus vaccine inactivated and anti-
viral prophylaxis (when indicated) in adults and older children who are close
contacts of high-risk infants younger than 6 months of age is an important
means of protecting these infants.

The ACIP states that benefits of influenza vaccination for children out-
weigh theoretical risks from thimerosal exposure by vaccination with prepara-
tions containing thimerosal and any available age-appropriate inactivated influ-
enza vaccine can be used in children. The AAP states that the benefits of
protecting children against the known risks of influenza outweigh the hypo-
thetical risks associated with the minute amounts of thimerosal contained in
some currently available influenza vaccine preparations. (See Thimerosal Pre-
cautions under Cautions: Precautions and Contraindications.) 

■ Geriatric Precautions
Clinical studies and other clinical experience with influenza virus vaccine

inactivated reveal no overall differences in safety between geriatric individuals
and younger patients; however, the vaccine may be less immunogenic in geriat-
ric individuals.

■ Mutagenicity and Carcinogenicity
The manufacturers state that it is not known if influenza virus vaccine inac-

tivated is mutagenic or carcinogenic.

■ Pregnancy, Fertility, and Lactation
Animal reproduction studies have not been performed with influenza virus

vaccine inactivated.
The manufacturers state that it is not known if the vaccine can cause fetal

harm when administered to pregnant women and state that the vaccine should
be administered during pregnancy only when clearly needed.

Because pregnant women are at risk for influenza-related complications,
ACIP recommends that all women who are pregnant or will be pregnant during
the influenza season receive influenza virus vaccine inactivated, including
those without underlying influenza risk factors.

The ACIP, the American College of Obstetricians and Gynecologists
(ACOG), and the American Academy of Family Physicians (AAFP) recom-
mend that pregnant women receive influenza virus vaccine inactivated (not in-
fluenza virus vaccine live intranasal). Although the ACIP previously suggested
that avoiding influenza vaccine during the first trimester of pregnancy was a
reasonable precaution to minimize any concern over the theoretical risk of ter-
atogenicity, available data to date indicate that influenza virus vaccine inacti-
vated does not cause fetal harm when administered to pregnant women. One
study in approximately 2000 pregnant women who received the inactivated
vaccine during pregnancy did not reveal evidence of adverse effects during in-
fancy or early childhood. Although more data are needed to confirm the safety
of vaccination during pregnancy, the parenteral influenza vaccine available in
the US is an inactivated virus vaccine, and no evidence exists of risk from vac-
cinating pregnant women with an inactivated virus. In addition to providing
potential benefit to the mother, transplacental distribution of antibodies to the
fetus following maternal vaccination also may provide some protection in in-
fants.

The ACIP states that benefits of influenza vaccination for pregnant women
outweigh theoretical risks from thimerosal exposure by vaccination with prep-
arations containing thimerosal, and no preference is indicated for use of inacti-
vated influenza vaccine preparations that do not contain thimerosal as a preser-
vative. (See Thimerosal Precautions under Cautions: Precautions and
Contraindications.) 
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During 2000–2003, an estimated 2 million pregnant women were vacci-
nated with influenza virus vaccine inactivated, and only 20 adverse events in
women who received the vaccine were reported to the Vaccine Adverse Event
Reporting System (VAERS). These adverse events included 9 injection-site re-
actions and 8 systemic reactions (e.g., fever, headache, myalgias). In addition,
3 miscarriages were reported, but these were not known to be causally related
to vaccination. Similar results have been reported in certain smaller studies,
and a recent international review of data on the safety of influenza virus vac-
cine inactivated concluded that no evidence exists to suggest harm to the fetus. 

The manufacturers state that it is not known if the vaccine can affect fertil-
ity.

Although specific data are not available, the ACIP and AAFP state that
breast-feeding generally is not a contraindication to administration of inacti-
vated vaccines since inactivated organisms in these vaccines do not multiply
within the body and such vaccines appear to pose no special problems for the
mother or her nursing infant. There also is no evidence that breast-feeding can
adversely affect the immune response to the vaccine.

Drug Interactions

■ Aldesleukin
There is some evidence that aldesleukin (interleukin-2) may increase the

antibody response to influenza virus vaccine inactivated in geriatric adults.

■ Anticoagulants
Prolonged prothrombin time, GI bleeding, transient gross hematuria, mus-

cular hematoma, and epistaxis have been reported rarely in patients stabilized
on warfarin sodium who were vaccinated with influenza virus vaccine inacti-
vated. Although there have been conflicting reports on whether influenza virus
vaccine inactivated can inhibit the metabolism or clearance of warfarin, most
studies have failed to show any clinically important adverse effects of adminis-
tration of the vaccine in anticoagulated patients. In addition, in at least one
study, there was no evidence of clinically important local reactions at the site of
IM injection (the deltoid region) when adequate local pressure was applied af-
ter injection. The Advisory Committee on Immunization Practices (ACIP) and
others state that administration of influenza virus vaccine inactivated is not
contraindicated in patients receiving anticoagulants. Nonetheless, some clini-
cians suggest that patients receiving warfarin be monitored closely for possible
enhanced anticoagulant effects in the immediate period following administra-
tion of influenza virus vaccine inactivated.

■ Antiviral Agents
Amantadine, rimantadine, and zanamivir do not appear to interfere with the

antibody response to influenza virus vaccine inactivated. Although drug inter-
action studies have not been conducted to evaluate the immune response to in-
fluenza virus vaccine inactivated in patients receiving oseltamivir, oseltamivir
therapy does not appear to impair normal humoral antibody response to infec-
tion in patients with naturally or experimentally acquired influenza. These anti-
viral agents may be used in conjunction with influenza virus vaccine inacti-
vated if indicated.

■ Aspirin
There is some evidence that aspirin may increase the antibody response to

influenza virus vaccine inactivated in geriatric adults.

■ Immune Globulins
There is no evidence that immune globulins (immune globulin IM [IGIM],

immune globulin IV [IGIV]) or specific immune globulins (hepatitis B im-
mune globulin [HBIG], rabies immune globulin [RIG], tetanus immune globu-
lin [TIG], varicella zoster immune globulin [VZIG]) interfere with the immune
response to inactivated vaccines. ACIP states that influenza virus vaccine inac-
tivated may be given simultaneously with (using different syringes and differ-
ent injection sites) or at any interval before or after immune globulin prepara-
tions.

■ Immunosuppressive Agents
Individuals receiving immunosuppressive therapy (e.g., corticotropin, cor-

ticosteroids, alkylating agents, antimetabolites, radiation therapy) may have a
diminished immunologic response to influenza virus vaccine inactivated. Al-
though corticosteroids administered for brief periods or every other day report-
edly have only a minimal effect on antibody response to influenza virus vac-
cine inactivated, prolonged administration of high-dose corticosteroid therapy
(i.e., a daily dosage equivalent to 2 mg/kg or greater or a total daily dosage of
20 mg of prednisone) may impair antibody response the vaccine. Administra-
tion of influenza virus vaccine inactivated can be deferred temporarily during
short-term, high-dose corticosteroid therapy, provided deferral does not com-
promise the likelihood of immunization before the start of the influenza sea-
son. However, long-term immunosuppressive therapy (e.g., corticosteroids in

patients with chronic pulmonary disease) should not preclude vaccination in
patients at risk for influenza since such patients may develop an adequate re-
sponse and therefore could benefit from vaccination.

If influenza virus vaccine inactivated is used in patients receiving immuno-
suppressive therapy, the possibility that the expected antigenic response to the
vaccine may not be attained should be considered. There is some evidence that
administration of a booster dose of influenza virus vaccine inactivated (e.g.,
several weeks after the initial dose) may not improve immune response in pa-
tients receiving immunosuppressive therapy (e.g., transplant recipients). How-
ever, in a study in adults receiving chemotherapy for lymphoma, there was evi-
dence that administration of a booster dose of the vaccine between
chemotherapy courses could enhance vaccine response in many patients who
responded inadequately to the first vaccine dose.

The American Academy of Pediatrics (AAP) states that children with ma-
lignant neoplasms who must undergo chemotherapy should be vaccinated 3 or
more weeks after chemotherapy is discontinued and when peripheral granulo-
cyte and lymphocyte counts are greater than 1000/mL. ACIP states that he-
matopoietic stem cell transplantation (HSCT) recipients should be revacci-
nated with influenza inactivated vaccine at least 6 months after HSCT and
annually thereafter for the life of the patient.

■ Phenytoin
Various effects on serum phenytoin concentrations (i.e., both increases and

decreases in total and/or free serum concentrations or no change) have been re-
ported following influenza vaccination. Although most studies have failed to
find a clinically important effect, the possibility of an interaction should be
considered.

■ Theophylline
Influenza virus vaccine inactivated may inhibit clearance of theophylline.

Although studies have failed to show a clinically important interaction, some
manufacturers recommend that clinicians consider a possible interaction in in-
dividuals receiving theophylline.

■ Vaccines
Although specific studies may not be available evaluating concurrent ad-

ministration with each antigen, simultaneous administration with other age-ap-
propriate vaccines, including live virus vaccines, toxoids, or inactivated or re-
combinant vaccines, during the same health-care visit is not expected to affect
the immunologic response or adverse reactions to any of the preparations. Im-
munization with influenza virus vaccine inactivated can be integrated with im-
munization against diphtheria, tetanus, pertussis, Haemophilus influenzae type
b (HIB), hepatitis A, hepatitis B, human papillomavirus (HPV), poliovirus,
measles, mumps, rubella, rotavirus, meningococcal disease, pneumococcal dis-
ease, and varicella. However, each vaccine should be administered using a dif-
ferent syringe and different injection site.

Pneumococcal Vaccines

Influenza virus vaccine inactivated may be administered concomitantly
with pneumococcal 23-valent polysaccharide vaccine (PPV23; Pneumovax®

23) without a decrease in the antibody response or an increase in adverse reac-
tions to the vaccines. The target groups for influenza vaccine and PPV23 over-
lap considerably. For individuals who are at high risk but have not previously
received pneumococcal 23-valent polysaccharide vaccine, ACIP and others
recommend that concurrent administration of influenza virus vaccine inacti-
vated and PPV23 be strongly considered to ensure that both vaccines are ad-
ministered. It should be emphasized, however, that influenza virus vaccine in-
activated must be given annually, whereas PPV23 generally is given only once,
although revaccination may be indicated in some individuals. If influenza virus
vaccine inactivated is administered concomitantly with PPV23, the vaccines
should be administered in separate syringes and into different extremities. Al-
though there have been some reports of an increased incidence of adverse local
and systemic effects when influenza virus vaccine was administered concomi-
tantly with PPV23 (at a different injection site) compared with administration
of influenza vaccine alone, these reactions generally are mild and well toler-
ated and do not preclude simultaneous administration of the vaccines at differ-
ent sites.

Influenza virus vaccine inactivated may be administered concomitantly
with pneumococcal 7-valent conjugate vaccine (PCV7; Prevnar®).

Zoster Vaccine

Influenza virus vaccine inactivated may be administered concomitantly
(using different syringes and different injection sites) or at any interval before
or after zoster vaccine live. 

Data from a randomized, placebo-controlled study in adults 50 years of age
or older indicate that concurrent administration of influenza virus vaccine inac-
tivated and zoster vaccine live results in antibody responses and adverse effects
similar to those reported when the vaccines are administered 4 weeks apart.
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Laboratory Test Interference

There was some evidence from the 1991–1992 influenza season to suggest
that influenza virus vaccine inactivated may have interfered with certain sero-
logic tests for determination of antibodies to human immunodeficiency virus
type 1 (HIV-1), human T-lymphotropic virus type I (HTLV-I; human T-cell leu-
kemia virus type I; adult T-cell leukemia virus, ATLV), and hepatitis C virus-
encoded (HCV) antigen. This suggestion was based on reports of blood from
certain donors repeatedly exhibiting false-positive results for presence of anti-
bodies to these viruses when tested with enzyme-linked immunosorbent assays
(ELISA, EIA) produced by Abbott Laboratories (i.e., Abbott HIVAB®HIV-1
EIA, Abbott HTLV-I® EIA, and Abbott HCV® EIA for the respective viruses).
More specific confirmatory tests (e.g., Western blot for HIV-1 and HTLV-I, re-
combinant immunoblotting assay for anti-HCV antibody) usually were nega-
tive, although indeterminate results occasionally were reported. Based on do-
nor records, a correlation between recent immunization with influenza virus
vaccine inactivated and the false-positive reactions appeared to exist.

Although it had been suggested that influenza virus vaccine inactivated
may have induced an early nonspecific (e.g., IgM-mediated) reactivity in se-
rum and plasma in some vaccinees resulting in the false-positive tests, subse-
quent study indicates that the cluster of multiple false-positive serologic tests
observed during 1991–1992 was most likely caused by inadequate specificity
of the test kits employed at the time rather than by influenza virus vaccine.
Subsequent availability of screening tests with improved sensitivity for HIV-1
and hepatitis C makes false-positive serologic tests for antibodies to these vi-
ruses unlikely in influenza vaccinees.

Pharmacology
Influenza virus vaccines stimulate active immunity to influenza virus infec-

tion by inducing production of specific antibodies; protection is provided only
against those strains of virus from which the vaccines are prepared and closely
related strains.

In healthy young adults, influenza virus vaccine inactivated has been
shown to induce rapidly and simultaneously both a systemic (i.e., in serum)
and, to a lesser extent, local (i.e., in the upper respiratory tract) immune re-
sponse.

Local mucosal immunity in the respiratory tract (e.g., in tonsils) confers the
initial line of defense against influenza. It has been suggested that migration of
activated B cells, particularly IgA-committed B cells, via lymphatic drainage
from the injection site to the mucosal surfaces of the tonsils is responsible for
the local immune response after influenza vaccination. It also has been sug-
gested that stimulation of local secretory IgA antibodies may be proportion-
ately greater following intranasal influenza vaccination compared with
parenteral vaccination, potentially resulting in an increased and broad mucosal
and systemic immune response with the intranasal route of vaccination. Intra-
nasal influenza vaccination with a live, attenuated (cold-adapted) influenza vi-
rus vaccine also may provide greater cross-protection against variant strains,
possibly secondary to superior mucosal IgA and T-cell-mediated immune re-
sponses, but comparative trials employing parenteral vaccination with cur-
rently available inactivated vaccines are necessary to provide definitive infor-
mation on relative protective efficacy. Cytotoxic T cells may be cross-reactive
against different subtypes of influenza A because of their recognition of inter-
nal viral antigens expressed on the surfaces of infected cells that are shared
among influenza A viruses, despite antigenic differences between the hemag-
glutinin molecules. The live, attenuated intranasal vaccine also may induce the
production of more broadly cross-reactive humoral antibodies. Influenza-spe-
cific antibodies are predominantly IgG and IgM in serum and IgA in oral flu-
ids.

Efficacy of influenza virus vaccine inactivated in preventing or attenuating
illness is variable, depending principally on the age and immunocompetence of
the vaccinee and on the degree of similarity between the virus strains included
in the vaccine formulation and those circulating during the influenza season.

Although postvaccination antibody titers initially may remain stable (e.g.,
hemagglutination-inhibition [HI], IgG) or decrease (e.g., IgA) with repeated
annual vaccination, prevaccination titers of HI, IgG, and IgA prior to the subse-
quent annual dose are increased overall. Thus, repeated annual vaccination re-
sults in an increase in and maintenance of antibodies to influenza A (H1N1)
and (H3N2) strains over time, which is beneficial for protection of vaccinees.
Even in individuals in whom a decrease in antibody titers occurs with repeated
vaccination, an increase in avidity of the antibodies for influenza antigens
could prevent a decline in immune competence. Although some (the Hoskins
paradox) have suggested that there may be a decrease in vaccine efficacy in
field studies (i.e., where the efficacy measure is morbidity and mortality rates
during naturally occurring influenza outbreaks), a pooled analysis of single
versus multiple vaccination in serologic (immune-response) and field studies
found no evidence that repeated annual vaccination negatively affected the pro-
tective effect of the vaccine. In addition, annual vaccination is recommended
because of the constant development of antigenic variants via antigenic drifts,

which is the virologic basis for seasonal epidemics and the reason for annual
review and periodic reformulation of the antigenic composition of influenza vi-
rus vaccine inactivated.

■ Influenza Virus and Infection
Influenza viruses are spread from person to person, principally through the

coughing or sneezing of infected individuals in close proximity to an unin-
fected person. Influenza is spread by direct deposition of virus-laden large
droplets onto mucosal surfaces of the upper-respiratory tract during close con-
tact with an infected individual and also by direct inhalation of droplet nuclei
and small-particle aerosols into the lower respiratory tract. The contribution of
virus-contaminated hands or fomites to transmission of influenza is not known,
but this is not the principal mode of transmission. The main reservoirs of influ-
enza virus are infected individuals, and the period of greatest communicability
is during the initial 3 days of illness; however, viral shedding can occur before
symptomatic onset and for up to a week or longer after symptoms develop.

Uncomplicated influenza illness is characterized by the abrupt onset of
constitutional and respiratory signs and symptoms (e.g., fever, myalgia, head-
ache, malaise, nonproductive cough, sore throat, rhinitis). Among children, oti-
tis media, nausea, and vomiting also are commonly reported with influenza ill-
ness. Respiratory illness caused by influenza is difficult to distinguish from
illness caused by other respiratory pathogens on the basis of symptoms alone,
and laboratory testing can aid in diagnosis. Influenza illness typically resolves
after 3–7 days for the majority of persons, although cough and malaise can per-
sist for longer than 2 weeks. Influenza can also exacerbate chronic conditions
(e.g., pulmonary or cardiac disease), and/or lead to secondary bacterial pneu-
monia, sinusitis, or otitis media; or contribute to coinfections with other viral
or bacterial pathogens. Influenza-related deaths can result from pneumonia, as
well as from exacerbations of cardiopulmonary conditions and other chronic
diseases.

Influenza viruses can cause disease among persons in any age group, but
rates of infection are highest among children. In temperate climates, seasonal
epidemics of influenza generally occur during the winter months on an annual
or near-annual basis. Rates of serious illness and death are highest among
adults 65 years of age and older, children younger than 2 years of age, and indi-
viduals of any age who have medical conditions that place them at increased
risk for complications from influenza. An annual average of approximately
36,000 deaths during 1990–1999  and 226,000 hospitalizations during 1979–
2001 has been associated with influenza epidemics. The typical incubation pe-
riod for influenza is 1–4 days (average: 2 days). Adults shed influenza virus
from the day before symptoms begin through 5–10 days after illness onset.
However, the amount of virus shed, and presumably, infectivity decreases rap-
idly by 3–5 days after onset in an experimental human infection model. Young
children also might shed virus several days before illness onset, and children
can be infectious for 10 days or more after onset of symptoms. Severely immu-
nocompromised persons can shed virus for weeks or months.

■ Antigenic Characteristics of Influenza Viruses
Influenza A viruses are classified into subtypes based on 2 surface anti-

gens, hemagglutinin (H) and neuraminidase (N). Three subtypes of hemagglu-
tinin (H1, H2, H3) and 2 subtypes of neuraminidase (N1 and N2) have been
identified among influenza A viruses that have caused widespread disease in
humans, although H2 generally has been absent from human circulation for
many years. Immunity to these antigens, especially hemagglutinin, reduces the
likelihood of infection and the severity of disease if an individual does become
infected. However, there may be sufficient antigenic variation (antigenic drift)
within the same subtype over time, so that infection or vaccination with one
strain may not induce immunity to distantly related strains of the same subtype.
Influenza B viruses also demonstrate antigenic variation, although less rapidly
and to a lesser extent than influenza A viruses. Circulating influenza B viruses
are separated into 2 distinct genetic lineages (Yamagata and Victoria); how-
ever, unlike influenza A viruses, influenza B viruses are not divided into sub-
types. Because of the antigenic variation associated with both influenza A and
B viruses, major epidemics of respiratory disease caused by new variants of in-
fluenza virus continue to occur, usually at 1- to 3-year intervals. Therefore, the
antigenic characteristics of current strains of influenza virus identified by on-
going surveillance are used as the basis for selecting influenza virus strains to
be included in each year’s vaccine.

The current practice of surveillance and periodic incorporation of new anti-
genic variants into the annual vaccine formulation generally has been effective
in addressing antigenic drifts in the virus. Although it has been suggested that
development of vaccines that are more potent than those available may over-
come antigenic drifts, especially for influenza type A (H3N2) viruses, some
evidence suggests that this would not be the case since higher potency vaccines
do not appear to increase antibody response substantially. Of additional con-
cern are antigenic shifts in which major changes (e.g., by more than 50%) in
the nucleotide sequence of the hemagglutinin or neuraminidase occur, since
such shifts have the potential for causing pandemics. Fortunately, such shifts
occur far less frequently than antigenic drifts;however, they also are less pre-
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dictable, and while only 3 hemagglutinin subtypes have been known to infect
humans until 1997, it appears that at least 15 such subtypes exist.

In addition to influenza virus subtypes that occur widely in humans, there
are influenza A subtypes that occur mainly in birds but also have rarely caused
infection in humans (H5N1, H7N2, H7N3, H7N7, H9N2). Future epidemics or
pandemics could involve avian influenza viruses or new influenza subtypes,
and monitoring avian and animal populations and humans closely associated
with poultry and animals provides important information regarding new
strains. (See Avian Influenza Viruses under Pharmacology: Antigenic Charac-
teristics of Influenza Viruses and see Pandemic Influenza under Uses: Manage-
ment of Exposure.)

Antigenic Drifts during Recent Years
During the 2003–2004, 2004-2005, and 2005–2006 seasons, influenza A

(H1), A (H3N2), and B viruses all circulated widely; influenza A (H3N2) vi-
ruses predominated. During the 2006-2007 season, influenza A (H1) predomi-
nated. During the 2007–2008 influenza season, a drifted influenza A (H3N2)
virus and an influenza B strain from a different lineage than that used in the
2007–2008 vaccine formulation were reported. During the 2007–2008 influ-
enza season, more influenza A viruses than influenza B viruses were identi-
fied; however, for a few weeks (March 23–April 5), the CDC reported more in-
fluenza B than influenza A viruses.

Influenza Type A (H1N1). Most influenza A (H1N1) isolated worldwide
during the 2005–2006 influenza season were antigenically similar to the A/
New Caledonia/20/99 strain contained in the annual vaccine. Therefore, FDA,
WHO, and NACI recommended that the A/New Caledonia/20/99-like strain be
retained in the 2006–2007 vaccine.

Although most influenza A (H1N1) isolated worldwide during the 2006–
2007 influenza season were similar to A/New Caledonia/20/99A, isolates that
were similar to A/Solomon Islands/3/2006 (an antigenic variant of A/New
Caledonia/20/99) were identified late in the season. FDA, WHO, and NACI
recommended that the A (H1N1) component for the 2007–2008 vaccine be
changed to an A/Solomon Islands/3/2006-like strain (manufacturers for the US
market used the A/Solomon Islands/3/2006 strain itself).

During the 2007–2008 season, most influenza A (H1N1) viruses were
characterized as A/Solomon Islands/3/2006-like and were closely related to the
influenza A (H1N1) component of the 2007–2008 influenza vaccine. However,
an increasing proportion were antigenically distinguishable from the vaccine
strains and more closely related to A/Brisbane/59/2007. Therefore, FDA,
WHO, and NACI recommended that an A/Brisbane/59/2007-like strain be
used for the influenza A (H1N1) component of 2008–2009 influenza virus vac-
cines used in the northern hemisphere.

Influenza Type A (H3N2). During the 2004-2005 season, 22% of influ-
enza A isolates (H3N2) were related antigenically to A/Wyoming/3/2003 (the
A/Fujian/411/2002-like component of the 2004-2005 vaccine) and 78% were
antigenically related to A/California/07/2004. The US Food and Drug Admin-
istration (FDA), the World Health Organization (WHO), and the Canadian Na-
tional Advisory Committee on Immunization (NACI) recommended that an A/
California/07/2004-like virus be used for the influenza A (H3N2) component
of the 2005-2006 influenza virus vaccine. Manufacturers for the US market
used the antigenically equivalent A/New York/55/2004 strain for this compo-
nent.

During the 2005–2006 season, 75.7% of influenza A isolates (H3N2) were
related antigenically to A/California/07/2004 but an increasing proportion of
isolates were related to A/Wisconsin/67/2005. FDA, WHO, and NACI recom-
mended that an A/Wisconsin/67/2005-like virus be used for the influenza A
(H3N2) component of the 2006–2007 influenza virus vaccine. Manufacturers
could use the antigenically equivalent A/Hiroshima/52/2005 virus for this
component.

Antigenic characteristics of isolates of influenza A (H3N2) circulating
worldwide during the 2006-2007 season indicated that most were antigenically
related to A/Wisconsin/67/2005 and A/Hiroshima/52/2005 (components of the
2006-2007 influenza virus vaccine). An increasing proportion of isolates late
in the season differed both genetically and antigenically from the vaccine
strain; however, antigenic analysis did not reveal the emergence of a suffi-
ciently well characterized variant group. Beginning in late February 2007,
most influenza A (H3) isolates in the US showed reduced titers with antisera
produced against A/Wisconsin/67/2005. WHO stated that while genetic varia-
tion was observed during the 2006-2007 season, the absence of a sufficiently
well characterized antigenically variant group (including the lack of corre-
sponding egg isolates) precluded the selection of a new vaccine candidate in
time for the 2007-2008 influenza season. FDA, WHO, and NACI recom-
mended that an A/Wisconsin/67/2005-like virus be used for the influenza A
(H3N2) component of the 2007-2008 influenza virus vaccine. Manufacturers
used the antigenically equivalent A/Hiroshima/52/2005 virus for this compo-
nent. Manufacturers for the US market used the A/Wisconsin/67/2005 strain it-
self.

During the 2007-2008 influenza season, 22% of influenza A (H3N2) vi-
ruses tested by the CDC were characterized as A/Wisconsin/67/2005-like, the

influenza A (H3N2) component of the 2007–2008 influenza vaccine for the
northern hemisphere, and 71% were characterized as A/Brisbane/10/2007-like.
The A/Brisbane/10/2007-like strains are recent antigenic variants of A/Wis-
consin/67/2005-like strains Therefore, FDA, WHO, and NACI recommended
that an A/Brisbane/10/2007 strain be used for the influenza A (H3N2) compo-
nent of 2008–2009 influenza virus vaccines used in the northern hemisphere.

Influenza Type B. During the 2004–2005 season, most influenza B vi-
ruses (75%) belonged to the B/Yamagata/16/88 lineage and were antigenically
similar to B/Sichuan/361/2002; some B viruses (25%) belonged to the B/Vic-
toria/2/87 lineage. The B component of the 2004–2005 influenza vaccine (B/
Shanghai/361/2002-like) belongs to the B/Yamagata lineage. FDA, WHO, and
NACI recommended that a B/Shanghai/361/2002-like virus be retained for the
influenza B component for the 2005–2006 vaccine. Antigenically equivalent
strains such as B/Jiangsu/10/2003 and B/Jilin/20/2003 could be used. Because
of the growth properties of B/Jiangsu/10/2003, manufacturers for the US mar-
ket used this strain as the B component of the 2005–2006 influenza virus vac-
cine.

During the 2005–2006 season, most influenza B viruses (78.1%) belonged
to the B/Victoria lineage which was not covered by the 2005–2006 vaccine.
FDA, WHO, and NACI recommended that a B/Malaysia/2506/2004-like virus
(belonging to the B/Victoria lineage) be used for the influenza B component
for the 2006–2007 vaccine. Manufacturers could use the antigenically equiva-
lent B/Ohio/1/2005 virus for this component.

During the 2006–2007 season, most influenza B viruses were similar to
Malaysia/2506/2004. FDA, WHO, and NACI recommended that a B/Malaysia/
2506/2004-like virus be used for the influenza B component for the 2007–2008
vaccine. Manufacturers for the US market used the Malaysia/2506/2004 strain
itself.

During the 2007–2008 season, influenza B viruses of both the B/Victoria/2/
87 and the B/Yamagata/16/88 lineages continued to circulate in the US and
worldwide, but most were of the B/Yamagata lineage and were antigenically
distinct from the B/Malaysia/2506/2004-like component of the 2007–2008
vaccine. Influenza surveillance in Canada indicated that the proportion of A/
Brisbane/10/2007-like strains steadily increased over the 2007–2008 season.
WHO reported that many viruses of the B/Victoria/2/87 lineage were closely
related to the 2007–2008 vaccine virus B/Malaysia/2506/2004, but an increase
in antigenic heterogeneity was observed, and most strains identified late in the
season were antigenically similar to B/Florida/04/2006. Therefore, FDA,
WHO, and NACI recommended that a B/Florida/4/2006-like strain be used for
the influenza B component of 2008–2009 influenza vaccines used in the north-
ern hemisphere.

Avian Influenza Viruses
Although the term influenza A virus usually refers to those virus subtypes

that occur widely in humans (H1, H2, H3), the term avian influenza virus re-
fers to influenza A subtypes that occur mainly in birds but also have rarely
caused infection in humans (H5N1, H7N2, H7N3, H7N7, H9N2). Avian influ-
enza A viruses are classified as low pathogenic or high pathogenic based on
genetic sequence and severity of illness in infected birds. Most virus strains are
low pathogenic and cause essentially no clinical signs in infected birds; how-
ever, these strains can mutate under field conditions to high pathogenic strains.

The first documented cases of highly pathogenic avian influenza A (H5N1)
infection and illness in humans were reported in Hong Kong in 1997. Since
then, confirmed human cases of avian influenza A (H5N1) have been reported
in worldwide. In addition, confirmed human cases of avian influenza A H7N2,
H7N3, H7N7, and H9N2 infections have been reported in several countries (in-
cluding Canada and the US). WHO states that there has been no evidence of
sustained human-to-human transmission.

Influenza Type A (H5N1). During 1997 in Hong Kong, a strain of influ-
enza that previously was known to infect only birds (avian influenza) was asso-
ciated with the first documented cases of infection and illness in humans. In all
cases, the avian influenza isolated from the infected humans was an H5N1 type
A strain. Because of the high level of poultry exposure among inhabitants of
Hong Kong, it has been difficult to determine the source and mode of transmis-
sion of the virus, although genetic analysis of the isolated strain in at least one
case indicated that transmission most likely was directly from infected chick-
ens without an intermediate mammalian host. Unlike typical human influenza
virus infections, which generally cause acute febrile respiratory illness that re-
solves without complication, many of the identified avian influenza virus in-
fections in humans were unusually severe; however, because influenza surveil-
lance in Hong Kong occurs mainly in hospitals, less severe cases may have
gone unrecognized.

As of June 2008, 385 confirmed human cases and 243 deaths attributed to
avian influenza A (H5N1) were reported to WHO. Between 2003 and August
2007, 321 confirmed human cases of avian influenza A (H5N1) virus were re-
ported in Azerbaijan, Cambodia, China, Djibouti, Egypt, Indonesia, Iraq, Laos,
Nigeria, Thailand, Turkey, and Vietnam. Many of these infections occurred in
children and young adults (5–24 years of age) and were associated with severe
respiratory illness requiring hospitalization and were frequently fatal (case-fa-
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tality proportion 68%). These outbreaks usually were associated with wide-
spread outbreaks of highly pathogenic H5N1 influenza in domestic poultry.

There is concern that the influenza type A (H5N1) strain might spread glo-
bally and cause a pandemic. For a pandemic to occur, a novel influenza strain
that can infect humans and against which all or most of the human population
has no antibody must be capable of human-to-human transmission, causing
widespread illness. In late 2005, the WHO stated that the risk of a pandemic is
great, but unpredictable in terms of timing and severity; all conditions for the
start of a pandemic are in place except a change in the H5N1 virus that would
make the virus contagious among humans.

The small number of human infections relative to the large number of in-
fected birds suggests that the H5N1 avian influenza virus strain does not easily
infect humans.

Influenza Type A (H7). Outbreaks of avian influenza A (H7N7) were first
reported in poultry in several farms in the Netherlands and then were reported
among pigs and humans in the Netherlands and among birds in Belgium and
Germany. There was a large outbreak of avian influenza A (H7N7) in commer-
cial poultry farms in the Netherlands in 2003 that resulted in large numbers of
human cases among poultry workers and their families. During this outbreak,
there were at least 85 confirmed human cases and, although most patients had
conjunctivitis or influenza-like illness, there was at least one death in a 57-year
old veterinarian that was attributed to acute respiratory distress syndrome and
complications related to influenza A (H7N7). Most cases appeared to result
from direct contact with infected poultry, but there was evidence that person-
to-person transmission of influenza A (H7N7) occurred among household con-
tacts during this outbreak.

During March 2004, 2 cases of avian influenza A (H7N3) were reported in
workers involved in culling poultry during an outbreak of highly pathogenic
H7N3 on farms in British Columbia, Canada. One patient had unilateral con-
junctivitis and nasal discharge; the other patient had unilateral conjunctivitis
and headache; both illnesses resolved without hospitalization.

Human cases of avian influenza A (H7N2) have been reported rarely in the
US. One case of avian influenza A (H7N2) was reported in New York in 2003
in an adult hospitalized for upper and lower tract respiratory illness; the source
of the infection is unknown. During 2002, one case of avian influenza A
(H7N2) was reported in Virginia in an individual involved in culling turkeys
and chickens infected with influenza A (H7N2).

During May 2007, 4 cases of avian influenza A (H7N2) were reported in
workers exposed to infected poultry in Wales.

Influenza Type A (H9). A few human cases of avian influenza A (H9N2)
have been reported in Hong Kong and China since 1998. One case of avian in-
fluenza A (H9N2) was reported in a 5-year old child in Hong Kong in late
2003. The child had fever, cough, and nasal discharge and was hospitalized for
2 days; the source of the infection is unknown. In March 2007, China con-
firmed an avian influenza A (H9N2) infection in a 9-month-old girl with mild
signs of disease.

■ Response to Influenza Virus Vaccine Inactivated

Adults Younger than 65 Years of Age
Following administration of influenza virus vaccine inactivated, a protec-

tive effect generally is achieved in 70–90% of healthy adults younger than 65
years of age who receive the vaccine, usually within 10–14 days, when there is
a good antigenic match between vaccine formulation and circulating strains.

Potency of influenza vaccines is such that most healthy young adults who
receive the vaccines develop high post-vaccination hemagglutination-inhibi-
tion (HI) antibody titers that are likely to protect them against illness by strains
like those in the vaccine and may also protect against illness by related vari-
ants. However, when compared with healthy, young adults, patients with cer-
tain chronic diseases may develop lower postvaccination antibody titers and
may remain susceptible to influenza-related upper respiratory tract infection.

Geriatric Adults
Geriatric individuals, particularly those who are institutionalized, may de-

velop lower postvaccination antibody titers than do healthy, young adults.
Efficacy of influenza virus vaccine inactivated in preventing hospitalization

for pneumonia and influenza has been reported to range from 27–70% among
geriatric individuals residing outside nursing homes or similar chronic-care fa-
cilities. In geriatric individuals residing in chronic-care facilities, the vaccine
usually is 20–40% effective in preventing acute respiratory illness and 80% ef-
fective in preventing death. Achieving high rates of vaccination in chronic-care
facilities can reduce the risk of an influenza outbreak.

In 3 case-control studies conducted as part of an influenza virus vaccine
demonstration project among Medicare beneficiaries (i.e., geriatric individu-
als), the aggregate estimated efficacy of vaccination in preventing hospitaliza-
tion for pneumonia was 31–45% during the 1989–90, 1990–91, and 1991–92
influenza seasons. In a large cohort study in geriatric individuals (65 years of
age and older) living in the community, influenza vaccination during epidemic
and nonepidemic years was associated with a 48–57% reduction in the hospi-
talization rate for pneumonia and influenza and in 27–39 and 37% reductions

in the rates of hospitalization for acute and chronic respiratory conditions and
for congestive heart failure, respectively. Vaccination also was associated with
a 39–54% reduction in all-cause mortality in this geriatric population during
the last 3 influenza seasons (1990–1993) of the cohort study. Pooled data from
this study and subsequent continued study for 3 additional influenza seasons
(1993–1996) showed that influenza vaccination was associated with overall
(over all 6 seasons) reductions in hospitalizations for pneumonia, all respira-
tory conditions, and congestive heart failure of 39, 32, and 27% respectively,
and in all-cause mortality of 50%. This study also confirmed that both healthy
geriatric adults and those with underlying medical conditions are at risk for se-
rious complications of influenza and benefit from vaccination.

Children and Adolescents
Children as young as 6 months of age usually can develop protective levels

of antibody after vaccination with influenza virus vaccine inactivated. How-
ever, the inactivated vaccine is less immunogenic in children younger than 6
months of age than in children 6–18 months of age and the antibody response
might be lower among children at high risk of influenza infection than among
healthy children. (See Cautions: Pediatric Precautions.)

Vaccine efficacy is lower in previously unvaccinated children younger than
9 years of age who have received only 1 dose of vaccine compared with chil-
dren who have received 2 doses of vaccine.

Immunocompromised Individuals
The response to influenza virus vaccine inactivated in individuals with im-

munodeficiencies or in individuals receiving immunosuppressive therapy gen-
erally is less than that in healthy individuals. There is some evidence that ad-
ministration of a second (i.e., booster) dose of the vaccine may not improve
immune response in immunosuppressed individuals (e.g., transplant recipients
receiving immunosuppressive drugs, human immunodeficiency virus [HIV]-
infected individuals). However, in a study in adults receiving chemotherapy for
lymphoma, there was evidence that a second dose of the vaccine could enhance
immunologic response in many patients who responded inadequately to the
first vaccine dose.

HIV-infected Individuals. Vaccine-induced antibody levels generally are
lower in individuals with HIV infection than in healthy individuals and may be
inversely correlated with the severity of manifestations associated with HIV in-
fection. Inactivated influenza vaccine has induced protective antibody titers in
HIV-infected children and adults who had only minimal acquired immunodefi-
ciency syndrome (AIDS)-related symptoms and mean CD4+ T-cell counts of
400/mm3. In those with advanced disease and low CD4+ T-cell counts (e.g.,
less than 100/mm3) , the vaccine may not induce adequate antibody titers, and
a booster dose (e.g., administered 4 or more weeks after the first dose) of the
vaccine does not appear to improve the immune response in such individuals.

Some evidence indicates that the antibody response to influenza virus vac-
cine inactivated correlates directly with the CD4+ T-cell count and inversely
with the plasma HIV-1 RNA level, being particularly impaired with CD4+

counts less than 100/mm3 and HIV-1 RNA levels exceeding 100,000 copies/
mL. In one study in men, administration of influenza virus vaccine inactivated
resulted in protective levels of hemagglutination-inhibiting (HI) antibodies
(i.e., 1:64 or greater) in 71–100% of those seronegative for HIV antibodies,
32–89% of those with asymptomatic HIV infection, and 13–54% of those with
AIDS or AIDS-related complex (ARC). In several other studies in HIV-in-
fected adults, almost no HI antibodies were measurable in those with CD4+ T-
cell counts less than 100/mm3, and counts of 100–300/mm3 correlated with a
suboptimal antibody response; those with T-cell counts of 300 or more per
mm3 were most likely to develop protective titers. Results of a small, random-
ized, placebo-controlled study indicate that influenza virus vaccine is highly
effective in preventing symptomatic, laboratory-confirmed influenza infection
among HIV-infected individuals with mean CD4+ T-cell counts of 400/mm3.

Some studies have shown transient (e.g., 2- to 4-week) increases in the rep-
lication of HIV type 1 (HIV-1) in plasma and mononuclear cells of HIV-in-
fected individuals following influenza vaccination, particularly in those who
exhibited an antibody response to the vaccine and were not receiving suppres-
sive antiretroviral therapy, and it has been suggested that continued antigenic
stimulation by repeated vaccination could result in an increased HIV viral load.
However, other studies employing similar laboratory techniques have not con-
firmed these findings, and there currently is no convincing evidence that influ-
enza virus vaccine inactivated results in long-term adverse consequences on
CD4+ T-cell counts or progression of clinical HIV disease in HIV-infected in-
dividuals. In addition, any transient increases in HIV replication that do occur
appear to be associated with an effect on disease progression that is so minimal
that it is difficult to detect. Some evidence suggests that the humoral response
to influenza antigens is improved in HIV-infected individuals treated with
highly active antiretroviral therapy.

■ Duration of Immunity
The duration of immunity declines during the year after vaccination. Since

circulating strains of influenza virus change from year to year, annual vaccina-
tion is needed.
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Vaccine from a previous influenza season (e.g., 2007–2008) should not be
used in an attempt to provide protection during a subsequent influenza season
(e.g., 2008–2009).

Chemistry and Stability

■ Chemistry
Inactivated influenza virus vaccines are noninfectious, sterile suspensions

of suitably inactivated influenza virus types A and B subunits. Inactivated in-
fluenza virus vaccines are prepared from formaldehyde- or propiolactone-inac-
tivated influenza viruses harvested from allantoic fluids of chick embryos in-
fected with the viruses and are commercially available in the US as split-virus
preparations (purified subvirion or purified surface antigen). Subvirion inacti-
vated influenza virus vaccines are prepared by chemically disrupting the inacti-
vated viruses to smaller subunit particles before purifying and suspending them
in a phosphate-buffered, isotonic sodium chloride solution. Purified surface an-
tigen inactivated influenza virus vaccines are prepared by purifying the inacti-
vated viruses, chemically removing the surface antigens from the internal pro-
teins of the viruses, and purifying and suspending the surface antigens in a
phosphate-buffered, isotonic sodium chloride solution.

Inactivated influenza virus vaccines are formulated annually. Vaccines
commercially available in the US and Canada are formulated as specified by
the US Food and Drug Administration Vaccines and Related Biological Prod-
ucts Advisory Committee (VRBPAC) and Canadian National Advisory Com-
mittee on Immunization (NACI), respectively, and generally contain 3 antigens
(usually from two type A and one type B virus strains) representative of the
strains of influenza virus that are likely to circulate in the US and Canada in the
upcoming influenza season. Similarly, the World Health Organization (WHO)
annually recommends the composition of influenza virus vaccines. Recom-
mendations are based on antigenic analyses of recently isolated influenza vi-
ruses, epidemiologic data, postvaccination serologic studies in humans, and the
availability of candidate vaccine strains and reagents. For the 2008–2009 sea-
son, the antigenic components recommended for the US formulation are the
same as those recommended by WHO (northern hemisphere) and NACI. The
US vaccines meet standards established by the Center for Biologics Evaluation
and Research of the US Food and Drug Administration, and potency meets re-
quirements of the specific radial-immunodiffusion tests for hemagglutinin
based on comparison with the US reference influenza virus vaccine inacti-
vated.

Influenza virus vaccine inactivated 2008-2009 occurs as a clear and/or
slightly opalescent solution after vigorous shaking. Afluria® is commercially
available in 0.5-mL prefilled syringes as a preservative-free formulation
(thimerosal was not used in the manufacturing process) and in multiple-dose
vials that contain thimerosal as a preservative (24.5 mcg of mercury per 0.5-
mL dose). Fluvirin® is commercially available in the US in multiple-dose vials
that contain thimerosal as a preservative (25 mcg of mercury per 0.5-mL dose).
Fluvirin® also is commercially available in 0.5-mL prefilled syringes as a pre-
servative-free formulation that contains only trace amounts of thimerosal from
the manufacturing process (less than 1 mcg of mercury per 0.5-mL dose). Flu-
arix® is commercially available in 0.5-mL prefilled syringes as a preservative-
free formulation that contains only trace amounts of thimerosal from the manu-
facturing process (less than 1 mcg of mercury per 0.5-mL dose). Fluzone® is
commercially available in 0.25- and 0.5-mL prefilled syringes and in a 0.5-mL
vial as a preservative-free formulation (thimerosal was not used in the manu-
facturing process) and in multiple-dose vials as a formulation containing
thimerosal as a preservative (25 mcg of mercury per 0.5-mL dose). FluLaval®

is commercially available in multiple-dose vials as a formulation containing
thimerosal as a preservative (25 mcg of mercury per 0.5-mL dose).

Composition of 2008-2009 Influenza Virus Vaccine Inactivated
The US Food and Drug Administration (FDA) Vaccines and Related Bio-

logical Products Advisory Committee (VRBPAC) recommended that the
2008–2009 trivalent influenza vaccine for the US contain A/Brisbane/59/2007-
like (H1N1), A/Brisbane/10/2007-like (H3N2), and B/Florida/4/2006-like vi-
ruses. All 3 antigens are different than those contained in the 2007–2008 triva-
lent influenza vaccine and were selected based on antigenic analysis of influ-
enza viruses circulating worldwide, antibody responses reported for
individuals who received the 2007–2008 vaccine, and the availability of candi-
date vaccine strains and reagents. Each 0.5-mL dose of influenza virus vaccine
inactivated 2008-2009 commercially available in the US contains 15 mcg he-
magglutinin of each of the following 3 antigens: A/Brisbane/59/2007 (H1N1),
A/Uruguay/716/2007 (H3N2) (A/Brisbane/10/2007-like), and B/Florida/ 4/
2006.

Influenza Type A (H1N1) Component. During the 2007–2008 influenza
season, 69% of influenza A (H1N1) viruses collected in the US and submitted
to the CDC were characterized as A/Solomon Islands/3/2006-like, the influ-
enza A (H1N1) component of the 2007–2008 influenza vaccine, and 24% were
characterized as A/Brisbane/59/2007-like. Influenza surveillance in Canada in-
dicated that H1N1 strains identified early in the 2007–2008 season were A/So-

lomon Islands/3/2007-like, but A/Brisbane/59/2007-like also were reported.
WHO data indicate that most influenza A(H1N1) viruses were closely related
to the vaccine strain A/Solomon Islands/3/2006; however, an increasing pro-
portion were antigenically distinguishable from the vaccine strain and more
closely related to A/Brisbane/59/2007. Therefore, FDA, WHO, and NACI rec-
ommended that an A/Brisbane/59/2007-like strain be used for the influenza A
(H1N1) component of the 2008–2009 influenza virus vaccine.

Influenza Type A (H3N2) Component. During the 2007-2008 influenza
season, 22% of influenza A (H3N2) viruses collected in the US and submitted
to the CDC were characterized as similar to A/Wisconsin/67/2005-like, the in-
fluenza A (H3N2) component of the 2007–2008 influenza vaccine. However,
71% of the influenza A (H3N2) viruses were characterized as A/Brisbane/10/
2007-like, a recent antigenic variant of the A/Wisconsin/67/2005-like virus. In-
fluenza surveillance in Canada indicated that the proportion of A/Brisbane/10/
2007-like strains steadily increased over the 2007–2008 season. Likewise,
WHO data indicated that most H3N2 strains were closely related to A/Bris-
bane/10/2007. Therefore, FDA, WHO, and NACI recommended that an A/
Brisbane/10/2007-like strain be used for the influenza A (H3N2) component of
the 2008–2009 influenza virus vaccine.

Influenza Type B Component. During the 2007–2008 season, influenza B
viruses of both the B/Victoria/2/87 and the B/Yamagata/16/88 lineages contin-
ued to circulate in the US and worldwide, but most were of the B/Yamagata
lineage and were antigenically distinct from the B/Malaysia/2506/2004-like
component of the 2007–2008 vaccine. Influenza surveillance in Canada indi-
cated that the proportion of A/Brisbane/10/2007-like strains steadily increased
over the 2007–2008 season. WHO reported that many viruses of the B/Victo-
ria/2/87 lineage were closely related to the 2007–2008 vaccine virus B/Malay-
sia/2506/2004, but an increase in antigenic heterogeneity was observed. Most
of the recent influenza B viruses were characterized as antigenically similar to
B/Florida/04/2006. Therefore, FDA, WHO, and NACI recommended that a B/
Florida/4/2006-like strain be used for the influenza B component of the 2008–
2009 influenza vaccine.

Antigenic Composition of 2008-2009 Inactivated Vaccine

■ Stability
Influenza virus vaccine inactivated should be refrigerated at 2–8°C and

should not be frozen.  If freezing occurs, the vaccine should be discarded be-
cause the potency of the vaccine is destroyed by freezing. 

In between uses, multiple-dose vials should be returned to 2–8ºC. The vac-
cine should be discarded if not used by the expiration date noted on the vial.

Influenza virus vaccine inactivated should be protected from light.
Depending on the manufacturer, single-dose syringes and vials are preser-

vative-free or contain only trace amounts of thimerosal from the manufacturing
process. Multiple-dose vials contain thimerosal as a preservative. (See Thime-
rosal Precautions under Cautions: Pediatric Contraindications.)

When stored as directed, inactivated influenza virus vaccines have an expi-
ration date not later than 18 months after the date of issue from the manufac-
turer’s cold storage (e.g., 1 year when the manufacturer’s cold storage was
5°C).

Any remaining influenza virus vaccine inactivated 2007-2008 from the pre-
vious influenza season should not be used for the 2008-2009 season.

Preparations

Influenza Virus Vaccine Inactivated (2008-2009)

Component Strains to Be Covered Strain Used
Influenza type A (H1N1) those similar to A/

Brisbane/59/2007
A/Brisbane/59/2007

Influenza type A (H3N2) those similar to A/
Brisbane/10/2007

A/Uruguay/716/2007

Influenza type B those similar to B/
Florida/ 4/2006

B/Florida/4/2006

Parenteral
Injectable 
suspension, 
for IM use

15 mcg hemagglutinin each of 
A/Brisbane/59/2007 (H1N1), 
A/Uruguay/716/2007 (H3N2) 
(A/Brisbane/10/2007-like), 
and B/Florida/ 4/2006 per 0.5 
mL

Afluria® (preservative-free; 
available in 0.5 mL prefilled 
disposable syringes or with 
thimerosal [24.5 mcg of mercury 
per 0.5 mL]; available in 
multiple-dose vials), CSL 
Biotherapies

Fluarix® (preservative-free with 
thimerosal [≤1 mcg of mercury 
per 0.5 mL]; available in 0.5 mL 
prefilled disposable syringes), 
GlaxoSmithKline

FluLaval® (with thimerosal [25 
mcg of mercury per 0.5 mL]; 
available in multiple-dose vials), 
GlaxoSmithKline
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Fluvirin® (preservative-free 
with thimerosal [<1 mcg of 
mercury per 0.5 mL]; available 
in 0.5 mL prefilled disposable 
syringes or with thimerosal [25 
mcg of mercury per 0.5 mL]; 
available in multiple-dose vials), 
Novartis Vaccines

Fluzone® (preservative-free; 
available in 0.25 mL prefilled 
disposable syringes, 0.5 mL 
prefilled disposable syringes, and 
0.5 mL vials or with thimerosal 
[25 mcg of mercury per 0.5 mL]; 
available in multiple-dose vials), 
Sanofi Pasteur

Parenteral
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