
455R.A. Kaslow et al. (eds.), Viral Infections of Humans,
DOI 10.1007/978-1-4899-7448-8_19, © Springer Science+Business Media New York 2014

1           Introduction 

 More than 80 years after the recognition of infl uenza virus as 
the cause of the syndrome of infl uenza, or grippe, infl uenza 
continues to be a major cause of acute respiratory illnesses. 
These illnesses rival acute gastroenteritis as causes of mor-
bidity and mortality throughout the world. Although the 
majority of cases of infl uenza are not identifi ed by laboratory 
methods, a variety of direct and indirect methods have attrib-
uted a substantial proportion of the overall burden of acute 
respiratory illness directly to infl uenza. This burden includes 
both deaths and hospitalizations, which occur most com-
monly at the extremes of age and in persons with other 
underlying heart or lung diseases and in pregnancy, as well 
as an enormous burden of transiently disabling illness in all 
ages that result in substantial economic and productivity 
losses. 

 Infection with infl uenza virus stimulates a coordinated 
response of the innate, and cellular and humoral adaptive, 
immune response that leads to effective and long-lived resis-
tance to reinfection with the same strain of virus. However, 
infl uenza viruses uniquely subvert this immune response 
through rapid evolution of the viral surface glycoproteins 
resulting in antigenic changes that allow infection in the 
presence of immunity to prior strains. Relatively minor anti-
genic changes, traditionally referred to as “antigenic drift,” 
typically result in new viruses that cause the familiar sea-
sonal epidemics of acute infl uenza. In addition, infl uenza A 
viruses occasionally and unpredictably undergo major 
changes in antigenicity referred to as “antigenic shift” that 
lead to worldwide, more severe epidemics, or pandemics of 
infl uenza. In many cases, it appears that pandemics viruses 
emerge from the enormous gene pool of infl uenza A viruses 

in migratory waterfowl. Surveillance for these viruses in 
birds, and their transmission to domestic poultry, swine, 
other mammals, and ultimately man, has therefore become 
an object of intense interest in recent years. 

 Two specifi c forms of infl uenza control approaches have 
been developed in the 80 years since the discovery of these 
viruses, vaccines, and antiviral agents. In theory, developing 
effective vaccines for infl uenza should be straightforward. 
However, the same antigenic variation that circumvents nat-
ural immunity also has confounded efforts to develop effec-
tive infl uenza vaccines, and currently available live or 
inactivated vaccines must be reformulated and readminis-
tered annually to keep pace with these antigenic changes. 
Despite intense effort over many decades, a truly universal 
infl uenza vaccine has never been successfully developed, 
although recent progress in infl uenza immunology has 
increased optimism along these lines. Nevertheless, the cur-
rent vaccines do provide a substantial measure of protection 
and are important tools for reducing the overall disease bur-
den of infl uenza. 

 The same high rate of evolution of infl uenza viruses has 
also complicated efforts to develop antiviral agents. Two 
viral proteins, the infl uenza A virus M2 protein and the neur-
aminidase (NA) protein of infl uenza A and B viruses, are the 
targets of the current classes of antiviral agents, the 
M2-inhibitors (amantadine and rimantadine) and 
NA-inhibitors (zanamivir and oseltamivir), respectively. 
Both classes of drug have been shown to reduce the duration 
of illness and viral shedding in acutely infected individuals 
and to reduce the rate of hospitalization and death when used 
relatively early in the course of illness. However, the rapid 
development of antiviral resistance has signifi cantly impacted 
the utility of these agents. At the moment, essentially all cur-
rent infl uenza A viruses are completely resistant to the M2 
inhibitors, and there has been frequent development of resis-
tance to the NAI oseltamivir, particularly in the N1 neur-
aminidases. The use of multiple antiviral agents with 
synergistic activities may represent a strategy to reduce the 
emergence of resistance. 
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 In this chapter, we will briefl y review the history of infl u-
enza throughout. We will then describe the classifi cation and 
the basic virology of these agents and consider the data used 
to estimate their yearly impact on human health. We will 
review the basics of the immune response to infl uenza and 
the characteristics of illness induced by these viruses and 
then discuss the current approaches to prevention and 
control.  

2    Historical Background 

 The characteristics of infl uenza epidemics, such as the high 
attack rates, explosive spread of disease, and characteristic 
cough and fever, have allowed identifi cation of past infl uenza 
epidemic throughout history. Older studies identifi ed proba-
ble infl uenza epidemics occurring at an average interval of 
2.4 years between 1173 and 1875 [ 1 ]. The greatest pandemic 
in recorded history occurred in 1918–1919 when, during 
three “waves” of infl uenza, 21 million deaths were recorded 
worldwide, among them 549,000 in the United States [ 2 ]. 

 William Farr introduced the concept of “excess mortality” 
in his vivid description of the London epidemic of 1847 [ 3 ]. 
Frost [ 4 ] fi rst used this concept in the United States to 
describe the 1918 infl uenza epidemic, but it was Selwyn 
Collins who systematically used excess mortality as an index 
for recognition of infl uenza epidemics [ 5 ,  6 ]. Collins esti-
mated baseline mortality by calculating weekly arithmetic 
means, and Serfl ing refi ned the baseline estimate by deriving 
a regressin function to describe seasonal variation in baseline 
mortality [ 7 ], the basic methodology which is still in use 
today for assessing excess mortality. 

 The fi rst infl uenza virus was isolated from chickens with 
fowl plague in 1901, but it was not recognized that this was 
an infl uenza A virus until 1955. Shope isolated the swine 
infl uenza virus in 1931 [ 8 ,  9 ]. Infl uenza A virus was fi rst 
transmitted from humans to ferrets and recognized as the 
cause of infl uenza in 1933 [ 10 ]. Infl uenza B virus was iso-
lated by Francis in 1939 [ 11 ] and infl uenza C virus by Taylor 
in 1950 [ 12 ]. The discovery by Burnet in 1936 that infl uenza 
virus could be grown in embryonated hens’ eggs allowed 
extensive study of the properties of the virus and the devel-
opment of inactivated vaccines [ 13 ]. Animal cell culture sys-
tems for the growth of infl uenza viruses were developed in 
the 1950s [ 14 ]. The phenomenon of hemagglutination, which 
was discovered by Hirst in 1941, led to simple and inexpen-
sive methods for the measurement of virus and specifi c anti-
body [ 15 ]. 

 Evidence of the protective effi cacy of inactivated vaccines 
was developed in the 1940s [ 16 ]. The use of live vaccines for 
infl uenza was fi rst suggested shortly after the virus was dis-
covered [ 17 ], but the fi rst live vaccine was not licensed in the 
United States until 2003, approximately 70 years later. 

Finally, four antiviral agents in two classes have been 
approved for prevention and treatment of infl uenza. These 
include the so-called M2 inhibitors, amantadine in the mid- 
1960s, rimantadine in 1993, and the neuraminidase inhibi-
tors zanamivir and oseltamivir in 2000.  

3    Biological Characteristics 

 Infl uenza viruses are members of the Orthomyxoviridae 
family of viruses and are enveloped, single-stranded, 
negative- sense RNA viruses. The viruses are further divided 
into types A, B, and C based on substantial differences in 
proteins and genomic structure. Types A and B infl uenza are 
causes of seasonal epidemics of acute respiratory disease in 
children, adults, and elders. Type C infl uenza is primarily a 
minor cause of mild respiratory illness in children. 

 Type A infl uenza viruses are further subdivided into sub-
types based on antigenic and sequence differences in the two 
major surface glycoproteins: the hemagglutinin (HA) and 
neuraminidase (NA). To date, a total of 16 distinct HA sub-
types have been identifi ed, designated H1 to H16, and nine 
distinct NA subtypes, N1 to N9. Recently, a new, unique 
infl uenza virus was detected in yellow-shouldered bats in 
Guatemala [ 18 ]. Preliminary characterization of this virus 
suggests that its HA and NA should be designated H17 and 
N10, although crystal structure suggests that the N10 neur-
aminidase does not actually have neuraminidase activity 
[ 19 ]. 

 While infl uenza A viruses of the H1N1, H2N2, and H3N2 
subtypes have caused substantial disease in humans, the nat-
ural hosts of infl uenza A viruses are probably migratory 
waterfowl, in which a genetically diverse ecology of all 
known HA and NA subtypes have been found. These avian 
species thus are thought to act as a reservoir of genetic diver-
sity of infl uenza A viruses and as the source of emerging 
pandemic infl uenza viruses (discussed below). Avian infl u-
enza viruses are frequently transmitted from waterfowl to 
domestic poultry, where they can cause widespread epidem-
ics of severe or fatal disease. Transmission of infl uenza A 
viruses also commonly occurs to pigs, horses, mink and fer-
rets, and marine mammals, in which the viruses can become 
established and maintained for years. Infl uenza in each of 
these populations is typically limited to certain subtypes, 
with H1 and H3 viruses in pigs, H7 and H3 viruses in horses, 
and H7 in marine mammals. Recently, infl uenza A has also 
been described in felines and dogs. 

 Infl uenza B viruses do not exhibit the same type of anti-
genic and genetic variation in the HA and NA, and therefore 
do not have subtypes. However, since 2001, two antigeni-
cally lineages of infl uenza B viruses, termed the “Victoria” 
lineage and the “Yamagata” lineage, have cocirculated in 
humans [ 20 ]. In contrast to infl uenza A viruses, infl uenza B 
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viruses appear to be limited to humans, although isolation of 
infl uenza B from seals has been described [ 21 ]. Possibly for 
this reason, infl uenza B viruses have not been responsible for 
pandemics of infl uenza. 

 An important feature of infl uenza viruses is that the 
genome is segmented. Each gene segment is responsible for 
the synthesis of one or more viral proteins. Both infl uenza A 
and B viruses contain eight gene segments, although the spe-
cifi c proteins assigned to each gene segment differ between 
these two types. The consequences of this are that when a 
cell is infected with two different infl uenza viruses, the 
resulting progeny virus can in theory contain any combina-
tion of gene segments from the two parent viruses, meaning 
that 256 possible combinations of genes can be derived from 
reassortment event between two infl uenza viruses. However, 
some combinations may not be compatible [ 22 ], and all 
combinations are probably not equally likely. Genetic reas-
sortment has been demonstrated to play an important role in 
the generation of pandemic infl uenza A viruses and has also 
been taken advantage of for the construction of attenuated 
live infl uenza vaccines. 

 Infl uenza viruses enter the cell by attachment of the viral 
hemagglutinin to sialic-acid-containing receptors on the cell 
membrane, followed by internalization of the virus into an 
acidic endosome. In the acidic environment of the endo-
some, the HA undergoes a conformational change that liber-
ates a fusion peptide and results in fusion of the viral envelope 
with the endosomal membrane. At the same time, the third 
envelope protein, the M2 protein, acts as an ion channel 
allowing H + ions to enter the virion from the endosome. 
This in turn allows the viral gene segments to leave the virion 
and enter the cytoplasm, a process known as uncoating. 

 Viral gene segments are transported to the nucleus, where 
the viral polymerase complex, comprised of the proteins 
PB1, PB2, and PA, directs the synthesis of the plus sense 
messenger RNA as well as synthesis of negative-sense cop-
ies that will serve as progeny genomic RNA. The polymerase 
proteins also may play a role in disruption of host cell protein 
synthesis. Because replication takes place in the nucleus, 
some mRNA are spliced, giving rise in the case of infl uenza 
A viruses to the M2 protein from the M gene segment, and 
the NS2, or NEP (nuclear export protein) from the NS gene 
segment. Alternative start codons also give rise to a number 
of additional proteins from the polymerase genes of infl u-
enza A viruses including PB1-F2 [ 23 ] and PA-X [ 24 ], which 
may play roles in pathogenesis. 

 Negative-sense daughter virion RNAs are encased in 
nucleoprotein, associated with one copy of the polymerase 
complex and transported to the cytoplasm for assembly at 
the cell surface. Envelope proteins are glycosylated and 
transported to the cell surface. Virions bud from selected 
lipid rafts at the cell surface, acquiring an envelope derived 
from the cell membrane and decorated with HA, NA, and 

small amounts of M2 protein. Finally, the NA removes sialic 
acid from receptors on the cell surface or on the viral enve-
lope, allowing the progeny viruses to leave the infected cell.  

4    Descriptive Epidemiology 

 The epidemiology of infl uenza is characterized by seasonal 
epidemics of acute respiratory disease, punctuated, in the 
case of infl uenza A, at random intervals by worldwide epi-
demics of varying levels of severity, referred to as pandem-
ics. Both of these events are felt to be driven by antigenic 
variation. In the case of seasonal epidemics of infl uenza, it is 
felt that population immunity drives the selection of muta-
tions in the immunologically critical HA and NA proteins 
that result in suffi cient antigenic differences from previously 
circulating viruses to allow the selected antigenic variant to 
effi ciently replicate and infect individuals who have devel-
oped immunity to previous viruses of the same subtype. 
Because these antigenic changes are relatively minor and are 
generally the result of a few mutations in critical antibody 
epitopes, this process is frequently referred to as antigenic 
drift. 

 In contrast, radical changes in the HA and NA result in 
the emergence of viruses that are able to spread rapidly in 
populations with little or no effective immunity, resulting in 
pandemics with high attack rates and, usually, high levels of 
morbidity and mortality (Fig.  19.1 ).

   Classically, pandemics involve the replacement of infl u-
enza A viruses of one subtype with infl uenza A viruses of a 
different subtype. For example, the most severe pandemic of 
infl uenza in recently recorded history was the so-called 
Spanish fl u pandemic of 1918, due to a virus of the H1N1 
subtype (the pandemic occurred before infl uenza virus was 
discovered and before the recognition of subtypes but was 
classifi ed as H1N1 retrospectively). Subsequent seasonal 
epidemics of infl uenza were due to H1N1 viruses with vari-
ous degrees of antigenic change, most remarkably in 1947 
when a pseudopandemic was experienced due to an H1N1 
virus (A/Fort Monmouth/47) with enough antigenic change 
from previous viruses that it was initially characterized as a 
new infl uenza A virus, so-called A’ infl uenza    [ 25 ]. H1N1 
viruses continued to cause seasonal epidemics in man until 
1957, when an infl uenza virus with an entirely new H and N 
subtype, A/Japan/57 (H2N2), emerged to cause a second 
pandemic of the twentieth century, the Asian fl u. Initially, 
these viruses were referred to as strain A2, until the modern 
typing system was developed and they were categorized as 
H2N2 viruses. For reasons that are unclear, H1N1 viruses 
ceased to circulate in man after the emergence of H2N2 
viruses. 

 H2N2 viruses then underwent antigenic drift resulting in 
seasonal infl uenza until 1968 when these viruses were 
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replaced by the new subtype H3N2 viruses or the so-called 
Hong Kong fl u. This virus represented a slightly different cir-
cumstance in that while the HA was a new subtype, the NA 
was retained from the previous H2N2 virus. Several studies 
have suggested that residual immunity to the retained N2 
component of the H3N2 viruses substantially ameliorated the 
severity of this pandemic worldwide [ 26 ]. Again, for unclear 
reasons, the emergence of H3N2 viruses coincided with the 
disappearance of the previous H2N2 viruses, which have not 
circulated in man since then. Studies of the serologic reactiv-
ity of banked sera (so-called seroarcheology) have suggested 
that an H3 virus, possibly of the H3N8 subtype, may have 
also caused a pandemic in 1889–1891 [ 27 ]. 

 H1N1 viruses reemerged in 1977 and resulted in a rela-
tively more mild pandemic referred to as the Russian fl u (A/
USSR/77). This virus was genetically and antigenically iden-
tical to infl uenza A viruses that had circulated in man in 1950, 
and the mechanism that led to the preservation of this virus 
over the subsequent 27 years has never been fully explained. 
As expected, disease was largely restricted to younger per-
sons born after 1957 who had not been previously exposed to 
H1N1 viruses, and the overall impact of this pandemic was 
much less severe than previous pandemics. In addition, the 
emergence of the H1N1 viruses did not result in the disap-
pearance of the previous H3N2 virus. These H1N1 viruses 
cocirculated with the H3N2 viruses until 2009, when a new 
variant of H1N1 virus emerged from swine and replaced the 
previous H1N1, but not H3N2 viruses. 

4.1    Emergence of Pandemic Viruses 
from Birds  

 Extensive surveillance studies have identifi ed infl uenza A 
viruses of all 16 HA subtypes and all 9 NA subtypes in 
migratory waterfowl. In these birds infl uenza A causes mild 
illness or may be shed asymptomatically at high levels and 
for long duration in the feces. These birds may transmit 
infl uenza to other animals, including domestic poultry, 
horses, swine, and marine mammals, which may in turn 
transmit these viruses to man. Comparisons of sequence data 

from animal and human infl uenza viruses isolates have sug-
gested that the 1918 virus was introduced into humans from 
such an animal population. In contrast, the 1957 and 1968 
pandemic infl uenza viruses were reassortant viruses that 
derived some genes from previously circulating human 
viruses, while deriving the HA and sometimes NA genes 
from an avian infl uenza virus [ 28 ]. 

 Because of the likely role of avian infl uenza viruses in the 
generation of emerging pandemics, there has been intense 
interest in recent outbreaks involving transmission of avian 
infl uenza viruses to man, with resulting disease. Most of 
these transmission events have been quite limited, with small 
numbers of persons affected, relatively mild disease, and 
little or no evidence of person-to-person transmission. In 
most cases, virus has been transmitted to humans from 
infected domestic poultry, but cases have also occurred in 
association with marine mammals and possibly wild birds. 

 Subtype H7 viruses have been responsible for several small 
outbreaks. Human infections with H7 AI viruses have generally 
been sporadic and mild in nature, with infected individuals pre-
senting with mild fl u-like illness and/or conjunctivitis [ 29 ,  30 ]. 
Human cases have typically been associated with outbreaks in 
birds, although one case of human H7 infection was reported in 
a laboratory worker who was sneezed upon by a seal that was 
infected with an H7N7 infl uenza virus [ 31 ]. The largest known 
cluster of H7N7 infections of humans occurred in 2003 in asso-
ciation with an outbreak of highly pathogenic avian infl uenza in 
commercial poultry farms in the Netherlands [ 32 ,  33 ]. While 
almost all cases in this outbreak were mild or subclinical, there 
was one confi rmed fatal case in a 57-year-old otherwise healthy 
veterinarian, who developed pneumonia [ 33 ]. 

 A new outbreak of infl uenza illness due to viruses of the 
H7N9 subtype has been recognized in western China since the 
spring of 2013 [ 34 ]. In contrast to previous H7 disease which 
has been predominantly mild respiratory illness with conjunc-
tivitis, cases in this outbreak have been more severe, with hos-
pitalizations and an approximately 20% case fatality rate [ 35 ]. 
Cases have been mostly recognized in older adults, for unknown 
reasons, and fatalities have largely occurred in individuals with 
underlying heart of lung disease , somewhat similar to seasonal 
infl uenza [ 36 ]. Almost all cases have direct contact with poul-
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  Fig. 19.1    Schematic diagram of the subtype circulation of infl uenza A 
viruses in man. The pandemic of 1918 was caused by a virus of the 
1918 subtype, which may have been introduced from an unknown ani-
mal reservoir. Pandemics of 1957 and 1968 were reassortment events 

between previous human and avian viruses (see text). In 1977 and 2009, 
novel H1N1 viruses which were antigenically related to previous H1N1 
viruses ( dotted lines ) were introduced into the population       
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try, mostly in live bird markets. Because H7N9 viruses are not 
highly lethal in poultry, outbreaks in markets are much harder 
to recognize and control, which may be contributing to the per-
sistence of this outbreak in affected areas. 

 Subtype H9 viruses have rarely caused human disease. 
H9N2 virus was isolated from two children in Hong Kong 
with mild febrile pharyngitis in 1999 [ 37 ]. Retrospective sero-
logic cohort studies of individuals exposed to these two H9N2-
infected children did not suggest person-to-person transmission 
[ 38 ]. Subsequently, H9N2 infection has been detected from 
fi ve individuals with typical infl uenza in China [ 39 ] and from 
a child with a relatively severe infl uenza in Hong Kong. 

 The greatest concern has been for H5N1 viruses, which 
were fi rst recognized in humans in 1997 [ 40 ] and which have 
continued to cause substantial numbers of human cases since 
that time. From 2003 to October 1, 2012, a total of 608 
laboratory- confi rmed human cases of H5N1 infection had 
been reported to the WHO, of which 359 cases were fatal. 
Cases have ranged in age from 3 months to 75 years with the 
median age being 20 years. Half of all cases have been in 
people aged less than 20 years and 90 % of cases have been 
in those less than 40 years of age. The median duration from 
onset of illness to hospitalization has been 4 days (range of 
0–18 days). The case fatality    rates have been the highest for 
those in the 10–19-year age group, lowest for people 50 or 
older, and in between for children aged <10 years [ 41 ]. 

 Most cases have    had close contact with ill poultry in the 
week before the onset of illness. Activities like plucking and 
preparing diseased birds, playing with birds, especially 
asymptomatically infected ducks, and handling fi ghting 
cocks are risk factors for infection [ 42 ]. Other apparent modes 
of acquisition have included eating undercooked poultry or 
drinking raw duck blood or exposure to contaminated water 
[ 43 ]. However, instances of person-to-person transmission 
have been rare. Fifteen family clusters of infection involving 
≥2 family members were documented between January 2004 
and July of 2005 [ 44 ], with the largest cluster identifi ed thus 
far involving seven confi rmed cases in family members of a 
woman who died of an acute respiratory illness [ 45 ]. In addi-
tion, there is one well-documented transmission of virus from 
an ill child in Thailand to her mother [ 46 ].  

4.2    Emergence of Pandemic Viruses 
from Swine  

 Domestic swine have also been recognized as a potential 
source of pandemic infl uenza viruses in man. Genomic data 
have suggested that infl uenza A (H1N1) viruses were intro-
duced into swine populations at around the same time that 
H1N1 viruses emerged in man in 1918 [ 47 ]. Since that time, 
these H1N1 viruses, or classic swine viruses, continued to be 
maintained in domestic swine where they caused minor ill-
nesses and underwent relatively little antigenic evolution. 
During this time, swine were also occasionally infected with 

infl uenza A viruses from humans and from birds and have 
always been considered to represent a potential “mixing ves-
sel” in which reassortment between human and avian infl u-
enza viruses could occur. This concept was strengthened by 
the recognition that the swine respiratory tract contains 
abundant receptors of both the α2-3 and α2-6 types favored 
by avian and human viruses, respectively [ 48 ]. 

 In the late 1990s, one such reassortment event has been 
recognized leading to a unique virus containing polymerase 
genes of both swine and avian infl uenza virus origin. This 
unique combination of genes, referred to as the triple reas-
sortant cassette, apparently increased the frequency with 
which these viruses underwent reassortment with other vari-
ants in swine populations. These viruses were also occa-
sionally transmitted to humans, typically in the context of 
state agricultural fairs. While most of the resulting disease 
was relatively mild, occasional severe disease and deaths 
were reported, primarily in pregnant women. However, 
 person-to- person transmission was not observed. 

 This situation changed in early 2009, when cases of swine-
origin infl uenza A H1N1 viruses were fi rst recognized in the 
United States and rapidly spread throughout the world [ 49 ]. The 
virus responsible for this pandemic was determined to be a qua-
druple reassortant virus derived from the triple reassortant virus 
by the addition of M and NA genes from a swine virus of 
Eurasian lineage (Fig.  19.2 ). The exact circumstances that led to 
this event remain mysterious, but it appears that the M1 protein 
derived from the Eurasian M gene conferred on these viruses an 
enhanced ability to transmit from person to person [ 50 ].

   The age distribution of cases in the resulting pandemic dis-
played the relative sparing of older adults that has been 
observed in previous pandemics and might be explained by the 
exposure of older adults to antigenically similar viruses in their 
childhood [ 51 ]. Thus, the bulk of the disease occurred in ado-
lescents and young adults. As a result, the estimated number of 
excess deaths due to the pandemic in 2009 was estimated to be 
only 12,000 in the United States, which, while substantial, was 
considerably less than often experienced during seasonal infl u-
enza, especially in years predominated by H3N2 viruses. 
However, as many of these deaths occurred in young people, 
the impact on years of life lost was much greater and overall 
more representative of the impact of the pandemic. 

 Since the emergence of the pH1N1 viruses, infl uenza sur-
veillance activities have increased their focus on domestic 
swine, and a new potential pandemic threat in the form of 
quadruple reassortant viruses with the same internal genes as 
the pH1N1 but containing variant H3 HA genes has been 
recognized [ 52 ]. Antigenically, these viruses resemble 
human H3 viruses that circulated in the early 1970s [ 53 ]. 
Approximately 300 cases of human disease have been identi-
fi ed, almost all as the result of transmission from swine to 
humans during agricultural fairs. As expected, almost all of 
these cases have occurred in children. There has been little 
evidence of person-to-person spread, but there remains a 
need for continued vigilance regarding this possibility.  
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4.3    Seasonal Infl uenza 

 Infl uenza epidemics during the interpandemic period gener-
ally display a marked seasonal periodicity in regions with 
temperate climates, with the majority of disease activity 
occurring between November and April in the Northern 
Hemisphere and between May and September in the Southern 
Hemisphere (Fig.  19.3 ).

   Seasonal periodicity is also observed in tropical climates, 
with increased activity during periods of low absolute humid-
ity, although infl uenza can occur throughout the year and 
seasonal fl uctuations are not as marked [ 54 ]. The reasons for 
these seasonal changes are not entirely clear but might be the 
result of more favorable environmental conditions for virus 
survival [ 55 ]. Studies in a model of transmission of infl uenza 
in guinea pigs have also supported a role for conditions of 
cold temperature and dry humidity in facilitating transmis-
sion [ 56 ]. Colder temperatures are also associated with 
behavioral changes that may increase transmission, such as 
indoor crowding or school attendance. 

4.3.1    Disease Impact 
 Infl uenza epidemics are regularly associated with excess 
morbidity and mortality, usually expressed in the form of 
excess rates of pneumonia- and infl uenza-associated (P&I) 
hospitalizations and deaths during epidemics. In order to 
estimate the disease burden of infl uenza, observed P&I 
events during periods of infl uenza epidemic activity are com-
pared with an expected seasonal baseline derived from a 
time-series regression model, and the excess event rate 
attributable to infl uenza is calculated. Because not all 
infl uenza- related deaths are manifested as pneumonia, P&I 
mortality statistics may underestimate the true impact of 
infl uenza on the population [ 57 ]. Although less precise, sea-
sonal excess all-cause mortality is probably a more accurate 
refl ection of the total burden of infl uenza. 

 From 1979 to 1991, these methodologies have led to esti-
mated rates of infl uenza-associated hospitalizations ranging 
from 55,000 to 431,000 annually, with an overall average of 
226,000 hospitalizations attributable to infl uenza [ 58 ]. 
Estimates of infl uenza-associated deaths have increased in 

North American
SWine H1N1 triple reassortant virus Pandemic H1N1 virus- "A(H1N1)pdm09"

PB2– Avian, North American
PB1– Human, Seasonal H3N2
PA– Avian, North American

PB2– Avian, North American
PB1– Human, Seasonal H3N2
PA– Avian, North American

H1 HA– Swine, North American (~1918)
NP– Swine, North American
N1 NA– Swine, North American (~1918)
M (M2)– Swine, North American
NS (NEP)– Swine, North American

HA– Swine, North American
NP–Swine, North American
NA– Swine, Eurasian
M (M2)– Swine, Eurasian
NS (NEP)– Swine, North American

PB2 -Avian, North American
PB1 -Human, Seasonal H3N2
PA-Avian, North American
H3 HA- Swine, North American (~1998)
NP-Swine, North American
N2 NA- Swine, North American (~1998)
M (M2) - Swine, Eurasian
NS (NEP)- Swine, North American

PB2– Avian, North American
PB1–Human, Seasonal H3N2
PA–Avian, North American
H3 HA–Swine, North American (~1998)
NP–Swine, North American
N2 NA–Swine, North American (~1998)
M (M2)–Swine, North American
NS (NEP)–Swine, North
American

H3N2 variant innuenza A- "A(H3N2)v"
SWine H3N2 triple gene reassortant viruses

(1998-2011)

Eurasian
swine

virus (es)

X

  Fig. 19.2    Current swine-origin viruses are the result of a complex series of reassortment events. Both current pH1N1 viruses and H3N2v viruses 
derive the M gene from a Eurasian swine lineage       
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recent decades, possibly because of the increasing numbers 
of older, at-risk members of the population. Recent estimates 
suggest an average of approximately 8,000 excess P&I- 
associated deaths annually, but much higher numbers of all- 
cause mortality associated with infl uenza, with an average of 
36,000 deaths annually with a range as high as 51,000 deaths 
in the United States [ 59 ]. Generally, the level of excess mor-
tality is highest in years when infl uenza A (H3N2) viruses 
predominate [ 60 ] and lower in years with predominant H1N1 
activity, possibly refl ecting age-related susceptibility to these 
two subtypes. 

 Excess morbidity and mortality are particularly high in 
those with certain high-risk medical conditions, including 
adults and children with cardiovascular and pulmonary con-
ditions such as asthma, or those requiring regular medical 
care because of chronic metabolic disease, renal dysfunc-
tion, hemoglobinopathies, or immunodefi ciency, and in indi-
viduals with neurologic conditions that compromise handling 

respiratory secretions [ 61 ]. Infl uenza also results in more 
severe disease and signifi cant mortality in individuals with 
human immunodefi ciency virus (HIV) infection [ 62 ,  63 ]. 

 The increased risk of infl uenza during pregnancy was dra-
matically demonstrated during the 2009 pandemic [ 64 ]. 
Previous studies had identifi ed an increased risk of hospital-
ization associated with infl uenza epidemics during preg-
nancy, especially in the second and third trimester and in the 
immediate postpartum period [ 65 ]. Several groups at 
increased risk for severe infl uenza-related disease and deaths 
were recognized during the 2009 H1N1 pandemic. Women 
in each stage of pregnancy, or in the immediate post partum 
period, were clearly over represented among those admitted 
to hospitals and ICUs. This observation was perhaps not sur-
prising as pregnancy has long been recognized as a risk fac-
tor for infl uenza mortality during previous pandemics and to 
a lesser extent during seasonal infl uenza as well. The 
mechanism(s) by which pregnancy enhances the risk of 
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infl uenza is not clear but might include the increased cardio-
vascular demands of pregnancy as well as hormonally medi-
ated changes to the innate and adaptive immune response. 

 Obesity also emerged as a risk factor for infl uenza mor-
bidity and mortality that had not been recognized in previous 
seasonal epidemics or pandemics. While compromise to 
respiratory mechanics as a direct result of extreme obesity 
undoubtedly plays a role, there is also evidence to support a 
detrimental role of adipose tissue in the infl ammatory 
response that might also enhance the infl uenza disease pro-
cess. As a result of these observations, obesity is not recog-
nized as an important factor for targeting infl uenza vaccine. 

 Infl uenza is usually associated with a U-shaped epidemic 
curve (Fig.  19.4 ). Attack rates are generally highest in the 
young, whereas mortality is generally highest among older 
adults [ 66 ,  67 ], in part because the prevalence of high-risk 
conditions is greater in this group. Infl uenza is also recog-
nized as an important health problem in young children. 
Rates of infl uenza-related hospitalizations are particularly 
high in healthy children under 2 years of age, where rates 
approach those of older children with high-risk conditions 
[ 68 – 70 ]. In addition, a high rate of secondary complications, 
particularly otitis media and pneumonia, occurs in children 
with infl uenza infection [ 71 ]. Outpatient clinic visit rates for 
laboratory- documented infl uenza have been observed at 
50–95 and emergency room visit rates of 6–27 per thousand 
person years in children under fi ve [ 72 ]. While rare, infl uenza- 
related deaths occur each year in previously healthy children 
[ 61 ]. Notably, many of these deaths occur in children who 
were not recognized to have high-risk conditions prior to their 
illness.  

 Much of the impact of infl uenza is related to the malaise 
and consequent disability that it produces, even in young, 
healthy individuals. It has been estimated that a typical case 
of infl uenza, on average, is associated with 5–6 days of 
restricted activity, 3–4 days of bed disability, and about 3 
days lost from work or school [ 73 ]. The average number of 
medical visits for cases in which medical attention was 

sought was from 1.1 to 3.6 per year, depending on severity 
of the outbreak and age of the patient. In children, outpatient 
visits are 10–250 times more common than hospitalizations 
[ 72 ]. It is worth noting that direct medical costs of illness 
account for only about 20 % of the total expenses of a case 
of infl uenza, with a major proportion (30–50 %) of the eco-
nomic impact due to loss of productivity [ 74 ]. In one study, 
infl uenza in schoolchildren resulted in 37 missed school 
days by children and 20 days of missed work by parents, per 
100 children [ 75 ]. Infl uenza is also associated with decreased 
job performance in working adults [ 76 ] and reduced levels 
of independent functioning in older adults [ 77 ]. Data from 
the Tecumseh Community Health Study have been used to 
estimate that infl uenza is responsible for 13.8–16.0 million 
excess respiratory illnesses per year in the United States 
among individuals less than 20 years of age and for 4.1–4.5 
million excess illnesses in older individuals [ 78 ].    

5    Mechanisms and Routes 
of Transmission 

 Infl uenza viruses are transmitted from person to person via 
the respiratory route. Three potential modes of transmission 
have been suggested [ 79 ]. Coughing and sneezing could gen-
erate small particle aerosols (<10 um mass diameter) which 
can remain suspended in air for many hours and could trans-
mit infection to individuals at a substantial difference. Larger 
particles or droplets will typically fall to the ground within 
3 m of the infected person and would be expected to infect 
individuals in direct contact. Finally, viral particles could 
land on surfaces, where infl uenza viruses remain infectious 
[ 80 ,  81 ] and could infect others through indirect contact. 
There is substantial evidence for all three modes of transmis-
sion in experimental studies and epidemiologic observations, 
but the relative roles of each mode of transmission are uncer-
tain and remain controversial, with obvious implications for 
infection control practices and for potential interventions to 
mitigate pandemics. 

 Small particle aerosols are generated by infected humans, 
and infl uenza genome can be detected in these small parti-
cles by polymerase chain reaction techniques [ 82 ,  83 ]. It has 
not been proven that these aerosols contain signifi cant 
amounts of infectious virus, but experimental studies in 
humans have shown that vary small amounts (~5 infectious 
particles) may be suffi cient to infect humans by the aerosol 
route [ 84 ,  85 ]. Aerosol transmission has also been demon-
strated in animal models in which infected and exposed fer-
rets or guinea pigs are separated by several meters, with 
transmission occurring in the direction of airfl ow [ 56 ,  86 ]. 

 Airborne transmission has also been implicated in multi-
ple observations of outbreaks where an airborne route of 
transmission appears to be the most plausible explanation for 
the characteristics of the outbreak. The most often cited such 
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outbreak occurred in a commercial airliner that was delayed 
for approximately 4½ h with a poorly functioning ventilation 
system. The risk of transmission of infl uenza A from the 
index case to other passengers was related to the amount of 
time passengers spent on the aircraft and not on their seating 
proximity to the index case. Since most of the passengers did 
not have direct contact with the index case, airborne transmis-
sion appears to be likely [ 87 ]. In a well-investigated hospital 
outbreak, nosocomial cases occurred signifi cantly less fre-
quently in a hospital ward where the air was treated with UV 
light than in an otherwise similar ward without UV light treat-
ment [ 88 ]. In an outbreak in a long-term care facility, there 
appeared to be an association between the risk of nosocomial 
infl uenza and the air handling systems in several wards [ 89 ]. 

 Additional observations consistent with airborne trans-
mission were made during an early study of zanamivir pro-
phylaxis of infl uenza in families. In this study [ 90 ], subjects 
who received short-term prophylaxis with inhaled zanamivir 
were protected compared to placebo recipients, but recipi-
ents of zanamivir administered by nasal spray were not. In 
addition, the combination of nasal and inhaled zanamivir 
was no better than inhaled zanamivir alone. 

 In most of these outbreaks, there are alternative explana-
tions for the observations that could at least partially explain 
the epidemic behavior without requiring aerosol transmis-
sion [ 91 ], and the real role of aerosol transmission remains 
controversial. If aerosol transmission plays a dominant role 
in infl uenza, then health-care workers would need to wear 
fi ltering face masks, and patients would require negative 
pressure isolation, to prevent nosocomial transmission of 
infl uenza. This has prompted several studies that have 
attempted to evaluate the role of facemasks in infection pre-
vention in hospitals. In one large, randomized trial, nursing 
staff who were randomly assigned to wear N-95 respirators 
had the same rate of infl uenza as staff assigned to wear sim-
ple surgical masks while caring for patients with infl uenza 
[ 92 ]. This study suggests that airborne transmission does not 
play a major role at least in nosocomial infl uenza, although it 
has been pointed out that cases in the N-95 group could have 
been acquired outside the hospital and that compliance with 
these masks is frequently poor. In contrast, hand hygiene and 
simple surgical masks were reported to be modestly effective 
in the prevention of infl uenza transmission in households 
[ 93 ] suggesting that in this setting, droplet spread was the 
predominant modality.  

6    Pathogenesis and Immunity 

6.1    Pathogenesis 

 Once virus is deposited on the respiratory tract epithelium, it 
can attach to and penetrate columnar epithelial cells if not 
prevented from doing so by specifi c secretory antibody 

(IgA), by nonspecifi c mucoproteins to which virus may 
attach, or by the mechanical action of the mucociliary appa-
ratus. After adsorption, virus replication begins, leading to 
cell death by inhibiting cellular protein synthesis and dis-
rupting other cellular functions and by inducing apoptosis. 
Virus release continues for several hours before cell death 
ensues. Released virus then may initiate infection in adjacent 
and nearby cells, so within a few replication cycles, a large 
number of cells in the respiratory tract are releasing virus 
and dying as a result of the virus replication. The time 
between the incubation period and the onset of illness and 
virus shedding varies from 18 to 72 h depending in part on 
the inoculum dose [ 94 ]. 

 Quantitation of virus in respiratory tract specimens from 
otherwise healthy young adults reveals a characteristic pat-
tern (Fig.  19.5 ). Virus is fi rst detected just before the onset of 
illness (within 24 h), rapidly rises to a peak of 3.0–7.0 log10 
TCID50/mL, remains elevated for 24–48 h, and then rapidly 
decreases to low titers [ 95 ]. Usually, virus is no longer 
detectable after 5–10 days of virus shedding. However, 
because of the relative lack of immunity in the young, more 
prolonged shedding of higher titers of virus is expected in 
children.  

 fections of healthy adults, the severity of illness corre-
lates well with the quantities of virus shed, suggesting that a 
major mechanism in the production of illness is cell death 
resulting from viral replication. Although the clinical mani-
festations of infl uenza are dominated by systemic symp-
toms, viral replication is limited to the respiratory tract. 
Instead, systemic symptoms are probably due to the release 
of potent cytokines, such as type I interferons, tumor necro-
sis factor, and interleukins (ILs), by infected cells and 
responding lymphocytes [ 95 ]. In fact it has been suggested 
that an overly vigorous cytokine response to infection may 
contribute to the high fatality rate seen with H5N1 infl uenza 
[ 96 ,  97 ]. 

 Bronchoscopy of individuals with typical, uncomplicated 
acute infl uenza has revealed diffuse infl ammation of the lar-
ynx, trachea, and bronchi, with mucosal injection and edema 
[ 98 ,  99 ]. Biopsy in these cases has revealed a range of histo-
logic fi ndings, from vacuolization of columnar cells with cell 
loss to extensive desquamation of the ciliated columnar epi-
thelium down to the basal layer of cells [ 99 ]. Individual cells 
show shrinkage, pyknotic nuclei, and a loss of cilia. Viral 
antigen can be demonstrated in epithelial cells [ 100 ]. 
Generally, the tissue response becomes more prominent as 
one moves distally in the airway [ 99 ]. Epithelial damage is 
accompanied by cellular infi ltrates primarily composed of 
lymphocytes and histiocytes. Histologic fi ndings on autopsy 
in more severe cases show extensive necrotizing tracheo-
bronchitis, with ulceration and sloughing of the bronchial 
mucosa [ 101 ], extensive hemorrhage, hyaline membrane for-
mation, and a paucity of PMN infi ltration. Patients with sec-
ondary bacterial pneumonia have the changes characteristic 
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of bacterial pneumonia in addition to the tracheobronchial 
fi ndings of infl uenza. Recovery is associated with rapid 
regeneration of the epithelial cell layer and with 
pseudometaplasia. 

 Abnormalities of pulmonary function are frequently dem-
onstrated in otherwise healthy, nonasthmatic young adults 
with uncomplicated (nonpneumonic) acute infl uenza. 
Demonstrated defects include diminished forced fl ow rates, 
increased total pulmonary resistance, and decreased density- 
dependent forced fl ow rates consistent with generalized 
increased resistance in airways less than 2 mm in diameter 
[ 102 ,  103 ], as well as increased responses to bronchoprovo-
cation [ 102 ]. In addition, abnormalities of carbon monoxide 
diffusing capacity [ 104 ] and increases in the alveolar-arterial 
oxygen gradient [ 105 ] have been seen. Of note, pulmonary 
function defects can persist for weeks after clinical recovery. 
Infl uenza in asthmatics [ 106 ] or in patients with chronic 
obstructive disease [ 107 ] may result in acute declines in 
forced expiratory vital capacity (FVC) or forced expiratory 
volume in 1 s (FEV1). Individuals with acute infl uenza may 
be more susceptible to bronchoconstriction from air pollut-
ants such as nitrates [ 108 ]. 

 Primary viral pneumonia is an uncommon but frequently 
severe complication of acute infl uenza. In this situation, 
virus infection reaches the lung either by contiguous spread 
from the upper respiratory tract or by inhalation. The tra-
chea and bronchi contain bloody fl uid, and the mucosa is 
hyperemic [ 109 ]. Tracheitis, bronchitis, and bronchiolitis 
are seen, with loss of normal ciliated epithelial cells. 

Submucosal hyperemia, focal hemorrhage, edema, and cel-
lular infi ltrate are present. The alveolar spaces contain vary-
ing numbers of neutrophils and mononuclear cells admixed 
with fi brin and edema fl uid. The alveolar capillaries may be 
markedly hyperemic with intra-alveolar hemorrhage. 
Acellular hyaline membranes line many of the alveolar 
ducts and alveoli [ 109 ]. Pathologic fi ndings seen by biopsy 
of lung in nonfatal cases are similar to those described in 
fatal cases [ 110 ]. 

 Bacterial superinfection is a well-recognized complica-
tion of infl uenza that may account for a substantial propor-
tion of morbidity and mortality, especially in adults. For 
example, the frequency of pneumococcal hospitalizations 
has been shown to increase in association with infl uenza epi-
demics [ 111 ]. Consequently, the spectrum of disease and 
pathophysiology of bacterial superinfection has been studied 
intensively, and a number of factors have been identifi ed in 
viral respiratory disease that could play a role in increasing 
the risk of bacterial infection. Uncomplicated infl uenza is 
associated with signifi cant abnormalities in ciliary clearance 
mechanisms [ 112 ]. In addition, increased adherence of bac-
teria to virus-infected epithelial cells has been demonstrated 
[ 113 ]. The disruption of the normal epithelial cell barrier to 
infection and loss of mucociliary clearance undoubtedly 
enhance bacterial pathogenesis. In addition, infl uenza infec-
tion may upregulate certain cell surface receptors involved in 
bacterial adherence [ 114 ]. Alterations in PMNs and mono-
nuclear cells may also contribute to enhanced bacterial 
infection.  
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  Fig. 19.5    Time course of infl uenza in healthy adults who were experimentally infected with infl uenza A/Texas/91. Symptoms are temporally 
correlated with the peak of virus shedding and production of a variety of cytokines (Data adapted from Hayden et al. [ 95 ])       
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6.2    Immunity 

 Epidemiologic and experimental observations in humans 
have shown that infection with infl uenza virus results in 
long-lived resistance to reinfection with the homologous 
virus. In addition, variable degrees of cross-protection within 
a subtype have been observed [ 115 ]. Infection induces both 
systemic and local antibody, as well as cellular immune 
responses, each of which plays a role in recovery from infec-
tion and resistance to reinfection (Fig.  19.6 ) [ 116 ].

6.2.1      Systemic Antibody Responses 
 Infection with infl uenza virus results in the development of 
antibody to the infl uenza virus envelope glycoproteins HA 
and NA, as well as to the structural M and NP proteins. 
Some individuals may develop antibody to the M2 protein 
as well [ 117 ]. The antibody response is more rapid after 
reinfection. Peak antibody responses after primary infec-
tion are seen at approximately 4–7 weeks and decline 
slowly thereafter. Antibody titers can sometimes be 
detected years after exposure, for example, persons born 
before 1968 frequently have detectable titers of antibody 
against H2 viruses. The mechanisms that allow such persis-
tent antibody are not known. 

 As implied by the name, the HA protein of infl uenza is 
defi ned by the ability to hemagglutinate red blood cells, a 

function which is directly related to binding to cellular recep-
tors. Thus, antibody that can block hemagglutination, or so- 
called hemagglutination-inhibiting antibody (HAI), has been 
studied intensively and is generally accepted as a surrogate 
for virus neutralization and protection against infection. 
Serum antibody to the HA has been demonstrated to have a 
protective role against infl uenza infection and disease in both 
animal models as well as in experimental infection of humans 
and in epidemiologic observations. An increased risk of 
laboratory- documented infl uenza among those with the low-
est titers of preexposure HAI or neutralizing antibody is a 
consistent fi nding of most but not all studies. However, there 
is considerable uncertainty about the actual level of HA anti-
body that is the best predictor of protection, with estimates 
ranging from HAI titers of 1:8 to 1:160 or higher [ 118 ]. 
Given the substantial variation from laboratory to laboratory 
in the estimation of the HAI titer on the same set of samples 
[ 119 ], the inability to use an absolute value for protection is 
not unexpected. In addition, the amounts of antibody needed 
to mediate protection could vary by population, degree of 
exposure, age, and specifi c infl uenza type or subtype, 
although this has not been analyzed comprehensively. 

 B cells secreting HA-specifi c antibody that binds to the 
stem region rather than the head of the HA have been detected 
in the blood of individuals experiencing infections with 
novel infl uenza viruses such as pH1N1 or H5N1 [ 120 ,  121 ]. 
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These antibodies exhibit neutralizing activity in some assays 
but do not inhibit hemagglutination. Stalk-binding antibody 
can be detected in serum as well [ 122 ]. Because the stalk 
region is well conserved, these antibodies can be cross- 
neutralizing among HA subtypes and have increased interest 
in the potential creation of a universal infl uenza vaccine. 

 In contrast to anti-HA antibody, anti-NA antibody does 
not neutralize virus infectivity but instead reduces effi cient 
release of virus from infected cells, resulting in decreased 
plaque size in in vitro assays [ 123 ] and in reductions in the 
magnitude of virus shedding in infected animals [ 124 ,  125 ]. 
Observations on the relative protection of those with anti-N2 
antibody during the A/Hong Kong/68 (H3N2) pandemic [ 26 , 
 126 ], as well as experimental challenge studies in humans 
[ 127 ], have shown that anti-NA antibody can also be protec-
tive against disease and results in decreased virus shedding 
and severity of illness but that it is infection permissive [ 128 ]. 

 Antibody to other infl uenza viral proteins has also been 
evaluated for potential protection. Antibody to M2 reduces 
plaque size in vitro, and passive transfer studies in mice 
have also suggested that antibody to the M2 protein of 
infl uenza A viruses may be partially protective if present 
in large enough amounts [ 129 ]. The mechanism of protec-
tion in vivo is related to mediation of antibody-dependent 
cytotoxicity [ 130 ]. Antibody to internal viral proteins such 
as M or NP is also cross-reactive among type A viruses, 
but they are non- neutralizing. Studies in mice have sug-
gested that such non- neutralizing but cross-reactive anti-
body may mediate protection under some circumstances 
[ 131 ]. The mechanism by which antibody to viral proteins 
that are not exposed on the surface can mediate protection 
is unclear.  

6.2.2    Mucosal Antibody Responses 
 Both natural viral infection and live attenuated vaccines 
have been found to induce signifi cant mucosal antibody 
responses. Nasal HA-specifi c IgG is predominantly IgG 1 , 
and its levels correlate well with serum levels of HA-specifi c 
IgG 1 , suggesting that nasal IgG originates by passive diffu-
sion from the systemic compartment [ 132 ]. Nasal 
HA-specifi c IgA is predominantly polymeric and IgA 1 , 
suggesting local synthesis. Studies in mice and ferrets have 
emphasized the importance of local IgA antibody in resis-
tance to infection, particularly in protection of the upper 
respiratory tract. Studies in humans have also suggested 
that the resistance to reinfection induced by virus infection 
is mediated predominantly by local HA-specifi c IgA, 
whereas that induced by parenteral immunization with 
inactivated virus depends also on systemic IgG [ 133 ]. 
Importantly, either mucosal or systemic antibody alone can 
be protective if present in high enough concentrations, and 
optimal protection occurs when both serum and nasal anti-
bodies are present [ 134 ,  135 ].  

6.2.3    Cellular Immune Responses 
 The induction of cellular immune response to infl uenza virus 
infection has been studied intensively in murine models, and 
such studies suggest that B cell, CD4+ T cell, and CD8+ T 
cell responses all can play a role in protection against disease 
and recovery from infection. A large number of HLA class 
I-restricted (CD8+ T cell) and HLA class II-restricted (CD4+ 
T cell) epitopes have been described, and in situations where 
those epitopes are on relatively well-conserved infl uenza 
proteins such as the polymerase, NP, and M proteins, the cel-
lular responses are cross-reactive between subtypes, but not 
between types A and B. 

 Cellular immune responses to infl uenza vaccination and 
infection have not been studied as extensively in humans, but 
B cell (memory B cell and antibody-secreting cell), CD4+ T 
cell, and CD8+ T cell responses in peripheral blood have 
been described after infection or vaccination [ 136 ]. It can be 
diffi cult to capture the peak of the response and detectable 
increases in antigen-specifi c cells may only be seen on a few 
days after exposure. Generally, the peak cellular response 
occurs somewhere between 5 and 14 days depending on the 
status of the subject and the nature of the response. As seen 
in murine models, a major component of the cellular response 
is directed at conserved peptides to which the subject has 
already been exposed during previous infections or 
vaccinations. 

 Antibody-secreting cells (ASC) appear in blood and ton-
sils as early as 2 days after vaccination and are detected in 
the blood of adults and older children more frequently than 
in young children after immunization [ 137 ]. An increase in 
cytotoxic T lymphocytes, directed primarily at the con-
served internal proteins, has been shown in healthy adults 
with a peak at 14 and 21 days after vaccination and return to 
baseline at 6 months. An increase in HA-specifi c CD8+ T 
cells on day 7 after vaccination has also been detected by 
tetramer staining in adults receiving inactivated infl uenza 
vaccine [ 138 ]. 

 An important role of the cellular immune response in 
recovery from infl uenza infection in humans is strongly 
supported by the observation of prolonged illness and viral 
shedding in individuals who are lymphopenic as a result of 
disease or chemotherapy. However, it has been diffi cult to 
develop specifi c markers of T cell immunity as correlates of 
protective immunity. Activated T cells, in the form of gran-
zyme B-positive T cells, have been associated with protec-
tion in older subjects [ 139 ]. In the human challenge model, 
early studies identifi ed the early induction of virus-specifi c 
cytotoxic T cells as measured by cytochrome release assays 
as correlated with reductions in the duration and level of virus 
replication in adults [ 140 ]. In a subsequent study done many 
years later by the same group, prechallenge CD4+ T cells, 
but not CD8+ T cells, correlated with relatively lower lev-
els of viral shedding and symptoms following experimental 

J.J. Treanor



467

infection [ 141 ]. In a large study of the effi cacy of live atten-
uated vaccine in children, it was shown that higher levels 
of infl uenza-specifi c T cells assayed by gamma-interferon 
ELISPOT was associated with a decreased risk of PCR- 
documented infl uenza [ 142 ]. The development of more 
sophisticated markers that can specifi cally identify reactive 
cells in peripheral blood will help to defi ne the role of cel-
lular immunity in protection, but the fi eld remains limited 
by the lack of convenient access to compartments other than 
peripheral blood in humans.    

7    Patterns of Host Response 

 Typical uncomplicated infl uenza often begins with an abrupt 
onset of symptoms after an incubation period of 1–2 days. 
Many patients can pinpoint the hour of onset. Initially, sys-
temic symptoms predominate, including feverishness, chilli-
ness or frank shaking chills, headaches, myalgia, malaise, 
and anorexia. Usually, myalgia or headache is the most trou-
blesome symptom, and the severity is related to the height of 
the fever. Respiratory symptoms, particularly cough and sore 
throat, are usually also present at the onset of illness. The 
predominance of systemic symptoms is a major feature dis-
tinguishing infl uenza from other viral upper respiratory 
infections. Older adults may simply present with high fever, 
lassitude, and confusion without the characteristic respira-
tory complaints, which may not occur at all. Generally there 
is a wide range of symptomatology in healthy adults, ranging 
from classic infl uenza to mild illness or asymptomatic 
infection. 

 Two manifestations of pneumonia associated with infl u-
enza are well recognized: primary infl uenza viral pneumonia 
and secondary bacterial infection. The syndrome of primary 
infl uenza viral pneumonia was fi rst well documented in the 
1957–1958 pandemic, predominantly among persons with 
cardiovascular disease, especially rheumatic heart disease 
with mitral stenosis, and to a lesser extent in others with 
chronic cardiovascular and pulmonary disorders [ 109 ]. The 
illness begins with a typical onset of infl uenza, followed by a 
rapid progression of fever, cough, dyspnea, and cyanosis. 
Secondary bacterial pneumonia classically presents after a 
brief period of improvement [ 143 ,  144 ], although most 
patients do not fi t this classic pattern. Bacteria frequently 
associated with infl uenza include  Streptococcus pneumoniae  
or  Haemophilus infl uenzae  and, notably, an increased fre-
quency of  Staphylococcus aureus . An increased frequency of 
community-acquired, methicillin-resistant  S. aureus  has 
been seen in children and adults following infl uenza out-
breaks [ 145 ]. 

 In addition to pneumonia, other pulmonary complications 
of infl uenza include croup [ 146 ] and exacerbations of chronic 
bronchitis or asthma [ 147 ,  148 ]. Recognized non-pulmonary 

complications include myositis and myoglobinuria [ 149 ], 
myocarditis and pericarditis [ 150 ,  151 ], toxic shock syn-
drome [ 152 ,  153 ], Guillain-Barré syndrome and transverse 
myelitis [ 154 ], and Reye’s syndrome particularly in children 
who have been given aspirin to treat fever.  

8    Control and Prevention 

8.1    Antiviral Drugs 

 Two classes of antiviral drugs have been used clinically to 
treat and prevent infl uenza. The adamantanes amantadine 
and rimantadine are related primary symmetrical amines 
whose mechanism of action involves inhibition of the M2 
ion channel activity of susceptible viruses. The function of 
the M2 ion channel in viral replication is to acidify the inte-
rior of the virion, disrupting the interaction between the 
matrix and nucleoproteins and allowing the ribonucleopro-
teins to be transported to the nucleus, where replication 
occurs [ 155 ]. Similar ion channels have been described for 
infl uenza B and C viruses; however, at clinically achievable 
levels, these drugs are active against only infl uenza A. 

 Amantadine and rimantadine are effective in the therapy 
of both experimentally induced and naturally occurring 
infl uenza A, with more rapid decrease in fever, more rapid 
improvement in symptoms, and decreased shedding of virus 
[ 156 ,  157 ]. Rimantadine has also been shown to be effective 
in the treatment of infl uenza A in children [ 158 ]. 

 Drug resistance has been a factor in limiting the use of 
these antiviral agents. Resistant viruses emerge frequently in 
treated individuals, particularly children, in whom subpopu-
lations of resistant virus can be detected following treatment 
in virtually all cases [ 159 ]. Resistance is the result of single 
point mutations in the membrane-spanning region of the M2 
protein, and it confers complete cross-resistance between 
amantadine and rimantadine [ 160 ]. Resistant virus can be 
transmitted to, and can cause disease in, susceptible contacts. 
Prolonged shedding of resistant viruses may occur in immu-
nocompromised patients, particularly children, and may con-
tinue even after therapy is terminated [ 161 ], consistent with 
the relative fi tness of these resistant viruses. While previ-
ously rare, a rapid increase in the prevalence of de novo 
resistance to M2 inhibitors was noted in 2005, and essen-
tially all H3N2 viruses are now resistant to these agents [ 162 , 
 163 ]. Although previously circulating seasonal H1N1 viruses 
remained sensitive to these agents, the emerging pH1N1 
viruses are also completely resistant to the M2 inhibitors, 
which now lack activity against all strains of infl uenza virus 
currently circulating. 

 The neuraminidase inhibitors act by inhibiting the func-
tioning of the infl uenza virus neuraminidase, which is criti-
cal in allowing newly formed viruses to egress from the cell 
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and spread to other cells [ 164 ]. The two licensed inhibitors, 
zanamivir and oseltamivir, have shown very similar results in 
clinical trials. Both drugs reduce the duration of symptoms 
and enhance the return to normal activities when used within 
the fi rst 36 h of symptoms in otherwise uncomplicated infl u-
enza in healthy adults [ 165 – 168 ]. Both drugs have also been 
shown to be effective in reducing the duration and severity of 
infl uenza in children [ 169 ,  170 ]. 

 Antiviral resistance to these agents has also been detected 
both in treated and untreated individuals. Mutations within 
the catalytic framework of the NA that abolish binding of the 
drugs have been described [ 171 ,  172 ]. The specifi c muta-
tions conferring resistance are dependent on the specifi c NA, 
that is, common resistance mutations in N1 (e.g., H274Y) 
are different than the ones seen in the N2 (e.g., R292K or 
E119V) or infl uenza B (e.g., D198N). In addition, depending 
on the location of the mutation, these viruses may be specifi -
cally resistant to only one inhibitor [ 173 ]. Resistance muta-
tions in the NA may be associated with altered characteristics 
of the enzyme with signifi cantly reduced activity [ 174 ,  175 ]. 

 Some resistant viruses appear to have reduced fi tness, 
with reduced levels of replication, attenuation in animals, 
and reduced ability to be transmitted from animal to animal 
[ 176 – 179 ]. Drug resistant viruses were also isolated very 
infrequently from oseltamivir-treated individuals in clinical 
trials, being seen in less than 2 % of treated adults and 
detected in 5.6 % of children [ 169 ]. However, subsequent 
studies have demonstrated that resistant viruses can be 
detected in up to 18 % of treated children when using sensi-
tive PCR techniques to pick up minor subpopulations [ 180 ]. 

 Beginning in 2006, spontaneously resistant H1N1 viruses 
carrying the H274Y mutation began to be detected in viruses 
from individuals who did not have a history of exposure to 
oseltamivir [ 181 ]. By 2008, all H1N1 viruses isolated in the 
United States were resistant to oseltamivir. The mechanism 
that led to the selection of seasonal H1N1 clades resistant to 
oseltamivir as the predominant circulating H1N1 viruses is 
unclear. However, the emerging pH1N1 virus has remained 
largely susceptible to oseltamivir.  

8.2    Vaccines 

 Two types of infl uenza vaccines are currently licensed and 
are used in various countries, inactivated infl uenza vaccines 
(IIV) and live attenuated infl uenza vaccines (LAIV). Shortly 
after these vaccines were introduced, it was recognized that 
their effi cacy might depend on the antigenic match between 
the strain(s) contained within the vaccine and the circulating 
viruses [ 182 ], and since that time, the vaccines have been 
continuously reformatted to keep pace with the ongoing evo-
lution of infl uenza viruses. Since 1977, infl uenza vaccines 
have contained a representative A/H3N2, A/H1N1, and B 

virus, so-called trivalent infl uenza vaccine. As mentioned 
above, two antigenically distinct lineages of infl uenza B 
viruses have cocirculated in humans since 2004, and quadri-
valent formulations of vaccine are currently being 
considered. 

8.2.1    Safety 
 IIV are chemically inactivated and have been administered 
either as the so-called “whole-virus” preparations or as 
detergent-disrupted and partially purifi ed “split product” or 
“subunit” vaccines. Hundreds of millions of doses of IIV are 
administered each year, and the safety of these vaccines has 
been repeatedly confi rmed. For example, no increase in clin-
ically important medically attended events has been noted 
among over 251,000 children <18 years of age who were 
enrolled in one of the fi ve health maintenance organizations 
within the Vaccine Safety Datalink, the largest published 
post-licensure population-based study of vaccine safety 
[ 183 ]. The most common adverse events reported following 
immunization with IIV are tenderness and/or pain at the 
injection site. Most injection site reactions are mild and 
rarely interfere with daily activities. Systemic reactions fol-
lowing immunization of adults with inactivated vaccine are 
uncommon. In placebo-controlled clinical trials in younger 
and elderly adults, rates of systemic reactions were similar 
among groups given inactivated vaccine or placebo [ 184 , 
 185 ]. However, whole-virus IIV are associated with fever in 
children [ 186 ] and are not recommended in this age group. 

 Recently, an increased frequency of fever and febrile sei-
zures was observed among young children given one specifi c 
IIV during the 2010 infl uenza season in Australia [ 187 ]. The 
reasons for this unexpected reactogenicity are unclear, but 
preliminary studies have suggested that this vaccine prepara-
tion stimulated unusually high cytokine responses in in vitro 
assays. In addition, concomitant immunization of young 
children with IIV and pneumococcal conjugate vaccine 
(PCV) was shown to be associated with an increased risk of 
developing febrile seizures. 

 Immediate hypersensitivity reactions (hives, wheezing, 
angioedema, or anaphylactic shock) following inactivated 
vaccine can also occur, and vaccine is considered contraindi-
cated for persons who experienced a previous anaphylactic 
reaction following vaccine. Clinical protocols have been pro-
posed to administer inactivated vaccine to persons who are at 
high risk for severe or complicated infl uenza who also have 
a history of immediate hypersensitivity to eggs, if the benefi t 
of immunization is judged to outweigh the risk [ 188 ]. 

 Several unusual syndromes have been associated with 
IIV. The Guillain-Barré syndrome (GBS), an acute infl am-
matory demyelinating polyneuropathy, was associated with 
the 1976 swine infl uenza vaccination campaign, with an 
increased risk of approximately 1 per 100,000 vaccinees. 
More recent studies have suggested a statistically signifi cant 
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but very slight increased relative risk of GBS within 7 weeks 
of infl uenza vaccination [ 189 ]. The oculorespiratory syn-
drome (ORS) is a syndrome of red eyes, facial edema, and/or 
respiratory symptoms such as coughing, wheezing, sore 
throat, hoarseness, diffi culty breathing, or chest tightness 
that develop within 2–24 h after vaccination, associated with 
a specifi c infl uenza vaccine used in Canada, but not else-
where [ 190 ]. The specifi c mechanism underlying this phe-
nomenon is unknown. 

 Although not studied as extensively, LAIV also appear to 
be quite well tolerated. Nasal symptoms (runny nose, nasal 
congestion, or coryza) and sore throat have been the most 
frequently identifi ed adverse symptoms following LAIV. 
Children under 8 have had slightly increased rates of low- 
grade fever, runny nose, and abdominal symptoms in the 7 
days following vaccination compared to placebo recipients. 
However, when considering all the pediatric studies in aggre-
gate, no consistent symptom was signifi cantly more common 
in LAIV compared to placebo recipients. In older children, 
11 to <16 years of age, sore throat was observed slightly 
more frequently in LAIV recipients than IIV recipients. 

 In larger studies, wheezing has been associated with 
LAIV in young children, although occurring at low rates. In 
the largest trial, medically signifi cant wheezing within 42 
days of vaccination was reported in 3.8 % of children 
<2 years old after receipt of LAIV compared to 2.1 % in 
those who received IIV [ 191 ]. Wheezing generally occurs in 
the youngest, previously unvaccinated children following the 
fi rst dose of vaccine. Because of this observation, LAIV is 
currently approved for use in the United States for children 
≥2 years old who do not have a history of asthma. 

 LAIV can be recovered from nasal secretions of about 
half of adult recipients, although generally shedding of 
LAIV by adults is of low titer and short duration [ 192 ]. 
Although young children shed much higher levels of vaccine 
virus, no transmission of LAIV from vaccine recipients to 
susceptible contacts was detected in studies of young chil-
dren involved in day-care-like settings where LAIV and pla-
cebo recipients played together for up to 8 h a day for 
7–10 days after vaccination. In the largest study, 197 chil-
dren between 8 and 36 months of age were randomized to 
receive LAIV or placebo, and vaccine virus shedding was 
assessed for 21 days after vaccination. Although 80 % of 
LAIV recipients shed at least one vaccine strain, for a mean 
of 7.6 days, clear evidence of transmission was detected in 
only one placebo recipient [ 193 ].  

8.2.2    Effi cacy and Effectiveness 
 The ability of infl uenza vaccines to prevent infl uenza has 
been assessed in numerous clinical studies which vary 
greatly in design, populations, and endpoints. These studies 
have included prospective, randomized controlled studies, in 
which case they are referred to as effi cacy studies, as well as 

a wide variety of nonrandomized cohort and retrospective 
study designs which assess vaccine effectiveness. Endpoints 
evaluated in these studies have included both laboratory- 
confi rmed infl uenza and non-laboratory-confi rmed respira-
tory illnesses. In this regard, it has been recognized that 
studies that utilize a serologic defi nition of infl uenza  infection 
may overestimate the effi cacy of infl uenza vaccine, since it 
will be harder to demonstrate postvaccination to post-season 
antibody increases in the vaccinated group [ 194 ]. 

 Randomized studies of IIV effi cacy against laboratory- 
confi rmed infl uenza have mostly been conducted in healthy 
adults. These studies have shown a wide range of effi cacy, 
from approximately 40–80 %, with lower levels of effi cacy 
typically seen in years with apparent antigenic mismatch. A 
recent meta-analysis of 8 randomized, controlled trials in 
healthy adults during 2004–2008 estimated the pooled effi -
cacy of IIV against culture-confi rmed infl uenza to be 59 % 
(95 % CI 51–67) among those aged 18 through 64 years 
[ 195 ]. The role of antigenic mismatch in the effi cacy 
observed in these trials is unclear, and some studies in young 
adults have demonstrated high levels of effi cacy (76 %) 
despite a degree of antigenic mismatch. Recent studies using 
virus culture and/or PCR endpoints have demonstrated simi-
lar levels of effi cacy for both egg-grown and cell culture- 
grown IIVs [ 196 ]. 

 Relatively few placebo-controlled trials of the effi cacy of 
LAIV have been conducted in adults. In the human challenge 
model, cold-adapted and inactivated infl uenza vaccines were 
of approximately equal effi cacy in the prevention of experi-
mentally induced infl uenza A (H1N1), A (H3N2), and B. 
The combined effi cacy in preventing laboratory-documented 
infl uenza illness due to the three wild-type infl uenza strains 
was 85 % for LAIV [ 197 ]. In a randomized, controlled study 
in healthy persons aged 1 through 64 years, of whom most of 
the participants were adults, the effi cacy of a pre-licensure, 
bivalent preparation of LAIV for preventing culture- 
confi rmed infl uenza A illness in adults was 85 % (95 % CI 
70–92 %) for H1N1 and 58 % (95 % CI 29–75 %) for H3N2 
[ 198 ]. LAIV was also evaluated in a large study against clini-
cal endpoints performed in 4,561 healthy working adults 
[ 199 ]. In this study, the effectiveness of LAIV-T in prevent-
ing severe febrile respiratory illness of any cause during the 
infl uenza season was 29 %. 

 Relatively few recent prospective trials have assessed IIV 
effi cacy in children. In one randomized, controlled trial in 
healthy children aged 6 through 23 months, vaccine effi cacy 
was 66 % (95 % CI 34–82) in the fi rst year, but effi cacy could 
not be assessed in the second year due to a very low infl uenza 
attack rate (effi cacy −7 %: 95 % CI −247–67) [ 200 ]. 
Immunization of asthmatic children has also been shown to 
reduce the incidence of infl uenza. More recently, the effi cacy 
of IIV against PCR-confi rmed infl uenza was assessed in a 
randomized, placebo-controlled trial in healthy children 
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between the ages of 6 and 72 months [ 201 ]. The effi cacy of 
IIV against all infl uenza strains was 43 % compared with the 
placebo group. 

 LAIV was demonstrated to be effi cacious in the preven-
tion of infl uenza in a pivotal 2-year, randomized placebo- 
controlled trial conducted in 1,314 children aged 15 to 
<72 months [ 202 ]. The effi cacy against culture-confi rmed 
infl uenza illness in the fi rst year of this trial was 95 % (95 % 
C.I. 88–97 %) for infl uenza A/H3N2 and 91 % (95 % C.I. 
79–96 %) for infl uenza B. In the second year of the trial, the 
H3 component of the vaccine (A/Wuhan/93) was not a close 
match with the predominant H3 virus that season, A/
Sydney/95. However, the effi cacy of LAIV against this vari-
ant was 86 % (95 % C.I. 75–92 %) [ 203 ]. Overall, the effi -
cacy of LAIV to prevent any infl uenza illness during the 
2-year period of surveillance in this fi eld study was 92 % 
(95 % C.I. 88–94 %). The overall effi cacy of LAIV against 
culture-confi rmed infl uenza among children 6 to <36 months 
who were attending day care was recently shown to be 85 
and 89 % in the fi rst and second year of the study, respec-
tively [ 204 ]. Signifi cant protection against fl u-associated 
acute otitis media also was demonstrated (>90 % in both 
years). Studies done in Asia have reached similar conclu-
sions, with an effi cacy of LAIV compared to placebo of 
between 64 and 84 % over multiple seasons, depending on 
the antigenic match with the vaccine [ 205 ]. 

 Although annual vaccination of elders and other high-risk 
persons has been recommended for many years, there are 
very few randomized trials demonstrating effi cacy in these 
groups, in part because the existing vaccine recommenda-
tions make it diffi cult to do studies using a placebo group. In 
the most commonly referenced study, TIV was 52 % (95 % 
CI 29–67) effi cacious in preventing serologically docu-
mented infl uenza illness in a population of adults 60 years of 
age and older [ 184 ]. When the groups were further stratifi ed 
by age, effi cacy estimates against serologically documented 
infl uenza illness were 57 % (95 % CI 33–72 %) in those 60 
through 69 years old but only 23 % (95 % CI −51–61 %) in 
those ≥70 years old. 

 In a recently reported randomized, double-blind, placebo- 
controlled clinical trial of LAIV among community- dwelling 
ambulatory adults ≥65 years old, the overall effi cacy of 
LAIV against viruses that were antigenically similar to the 
vaccine was 42 % [ 206 ], similar to the protection seen with 
inactivated vaccine. However, LAIV is not currently licensed 
for use in individuals over 49 years of age. 

 Monitoring infl uenza vaccine effi cacy on an annual basis 
by conducting randomized placebo-controlled studies would 
clearly be a very diffi cult undertaking and is probably not 
possible in children, elders, and other high-risk groups. 
Therefore, a number of observational study designs have 
been used for this purpose. Many recent studies have utilized 
a test-negative, case–control design, in which individuals 

meeting a particular case defi nition are tested for infl uenza 
using a highly sensitive and specifi c diagnostic test, and the 
vaccination exposure of test-positive cases and test-negative 
controls is determined [ 207 ]. Large surveillance networks 
for this purpose have been established in Canada, the United 
States, Europe, and Australia for purposes of making interim 
and end-of-season estimates of vaccine effectiveness. 

 Studies using this design have shown variable results with 
estimates generally ranging from as low as 20 %, or in some 
cases, no effectiveness, to as high as 70 % [ 195 ]. While the 
various networks vary in their study design and the specifi c 
selection criteria for subject inclusion, a few overall general-
izations can be stated. Failure to detect VE has typically 
occurred in studies with very low prevalence of infl uenza in 
the study population, or in years with substantial antigenic 
mismatch between the vaccine and circulating strains, most 
often involving infl uenza B lineage mismatch. The relation-
ship of antigenic mismatch with vaccine effectiveness for 
infl uenza A/H1N1 and A/H3N2 viruses is not as consistent, 
but even in situations of antigenically matched viruses, VE 
remains in the 50–60 % range [ 208 ]. In some cases, viruses 
recovered from subjects in studies with low vaccine effec-
tiveness have been shown to have substantial changes on a 
HA sequence level despite appearing well matched by tradi-
tional HAI tests [ 209 ]. 

 Most studies have not enrolled enough subjects in a single 
season to make age-specifi c estimates of VE. However, there 
is a trend towards decreased VE in elderly, not surprising 
given their diminished immune response to vaccination. 
After accumulating cases over several seasons, it was 
recently possible to use the same test-negative case–control 
design to demonstrate VE of approximately 60 % against 
infl uenza-related hospitalization in a population of 
community- dwelling older adults [ 210 ]. 

 While the use of a study design in which testing is per-
formed without knowledge of vaccination status may elimi-
nate some biases related to health-care access and 
health-seeking behavior, the results are infl uenced by the 
accuracy of the diagnostic testing, since errors in assignment 
to the case or control group will bias VE towards nil. 
Recently, in a study done in children, it was demonstrated 
that using the test-negative case–control approach, estimates 
of VE were substantially higher when children with docu-
mented infections with viruses other than infl uenza were 
used as a control group, rather than using all children who 
were test negative for infl uenza [ 211 ]. 

 A larger body of data exists from nonrandomized or obser-
vational studies of vaccine effectiveness. These studies have 
suggested that infl uenza vaccination can reduce pneumonia 
and infl uenza (P&I) hospitalizations and death among the 
elderly regardless of whether they have other conditions that 
place them at high risk for complications following infl u-
enza [ 212 ]. While post-licensure observational studies are 
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 important tools for monitoring vaccine effectiveness, such 
studies relating to the elderly are particularly challenging to 
perform and interpret. Frailty selection bias (a higher baseline 
risk of hospitalization and death among unvaccinated vs. vac-
cinated subjects) and nonspecifi c endpoints may overestimate 
vaccine effectiveness in cohort studies [ 213 ]. 

 Infants less than 6 months of age are at substantial risk for 
infl uenza-related morbidity but are too young to receive 
infl uenza vaccine. One strategy to protect vulnerable infants 
is maternal immunization, with protection mediated by both 
transfer of maternal antibody and reduced potential for con-
tact with an infl uenza-infected mother. In a randomized 
study of maternal immunization, infants born to mothers 
immunized with infl uenza vaccine had substantially lower 
rates of laboratory-documented infl uenza in the fi rst 6 
months of life than did infants born to mothers immunized 
with pneumococcal vaccine [ 214 ]. Similarly, in a retrospec-
tive    case–control study, the frequency of infl uenza immuni-
zation was substantially lower in the mothers of infants 
hospitalized with PCR-confi rmed infl uenza than in mothers 
infants hospitalized who were PCR negative, with an esti-
mated protective effect of 92 % [ 215 ]. 

 There has been considerable interest in potential strate-
gies to protect such individuals indirectly by preventing ill-
ness and viral transmission within highly susceptible 
populations that probably play a role on community trans-
mission, such as schoolchildren. Several studies have sug-
gested that this may be possible. During the 1968 pandemic, 
it was observed that the incidence of respiratory illness dur-
ing the period of infl uenza A circulation was among unvac-
cinated adults was substantially lower in a community in 
which schoolchildren were immunized than in a comparison 
community with no school immunization. Infl uenza B was 
not contained in the vaccine, and during a subsequent infl u-
enza B epidemic, there was no difference in adjusted respira-
tory illness rates in adults in the two communities [ 216 ]. In a 
recent study, closed agricultural communities of Hutterites 
were randomized to vaccination of schoolchildren with infl u-
enza vaccine or with hepatitis A vaccine as a control. In the 
subsequent infl uenza A epidemic, the rate of laboratory- 
documented infl uenza A in unvaccinated adults residing in 
school-vaccinated communities was reduced by 61 % (95 % 
CI 8–83 %) compared to adults in unvaccinated communities 
[ 217 ]. Observations in Japan, where it appeared that substan-
tial fl uctuations in overall infl uenza-related mortality (occur-
ring mostly in the elderly) were directly related to the rate of 
school-aged infl uenza vaccination, also support a potential 
role for school vaccination in protection of elders [ 218 ].  

8.2.3    Adjuvants 
 For many years, licensed inactivated infl uenza vaccines have 
been administered without adjuvants. However, it is clear 
that the immune response to vaccination and the protective 

effects of vaccine are suboptimal, particularly in some groups 
at high risk for infl uenza-related complications including 
young children and elders. Thus, there has been signifi cant 
interest in the potential use of adjuvants to enhance the pro-
tective effects of vaccination. Although infl uenza vaccines 
adsorb well to aluminum salts, these compounds have not 
been effective adjuvants for infl uenza, for unknown reasons. 
Early studies suggested that water in oil emulsions using 
mineral oil could very substantially improve antibody 
responses in military recruits allowing the use of lower doses 
[ 219 ]. However, the use of these adjuvants was restricted by 
substantial local side effects including the development of 
sterile abscesses at the site of administration; [ 220 ] the use of 
peanut oil appeared to reduce the observed toxicity [ 221 ]. 

 Subsequently, oil-in-water emulsions based on the metab-
olizable oil squalene have been shown to substantially 
improve immune responses with an excellent safety profi le. 
While there is relatively little effect on the immune response 
to seasonal vaccines in healthy adults [ 222 ], the oil-in-water 
emulsion MF59 results in an approximately 50 % increase in 
antibody titers in older adults [ 223 ], and MF59 adjuvanted 
seasonal IIV has been licensed for use in elders in Italy for 
several years. Recently, a large randomized trial in young 
children compared MF59-adjuvanted IIV with unadjuvanted 
IIV over two seasons. Absolute effi cacy against all infl uenza 
strains was 86 % in the group given IIV-MF59 and 43 % in 
the group given unadjuvanted IIVs when compared with the 
placebo group [ 201 ]. 

 Oil-in-water emulsions have demonstrated especially 
striking improvements in the antibody responses to candi-
date H5 pandemic vaccines. These studies have shown higher 
titers of antibody against the vaccine virus, as well as against 
antigenic variants, the development of B cells that recognize 
a larger variety of HA epitopes, and broadened and more vig-
orous CD4 T cell responses [ 224 ,  225 ].  

8.2.4    Comparisons of Inactivated and Live 
Infl uenza Vaccines 

 While relatively few randomized direct comparisons of the 
effi cacy of live and inactivated vaccines have been per-
formed, the available studies are consistent with the observed 
effects of age and prior infl uenza experience on immunoge-
nicity. When these vaccines have been compared in young 
children 12 months through 59 months of age, LAIV has 
shown consistently superior protection, with an approxi-
mately 50 % greater protective effi cacy than inactivated vac-
cine [ 191 ,  226 ]. Studies conducted in healthy young children 
have generally concluded that LAIV may be more effi ca-
cious than IIV, including both against viruses which are well 
matched antigenically to the vaccine virus and those which 
are antigenically drifted [ 191 ]. 

 In contrast to young children, studies that have directly 
compared the vaccines in adults have suggested that the 
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vaccines have similar effi cacy or that IIV vaccine is slightly 
more effi cacious than live vaccine. In one 3-armed study, the 
effi cacy of LAIV compared to placebo for prevention of 
laboratory- confi rmed infl uenza in healthy adults was 57 %, 
while the effi cacy of the IIV was 77 %, but the difference 
between the two vaccines was not statistically signifi cant 
[ 227 ]. In a subsequent season in the same population, the 
absolute effi cacies of IIV and LAIV were 68 and 36 %, 
respectively [ 228 ]. Similar results have been reported from a 
retrospective study evaluating the effectiveness of IIV and 
LAIV against medical visits for pneumonia- and infl uenza- 
related diagnoses in the US military [ 229 ]. Generally, rates 
of such visits were lower in recipients of IIV, except for per-
sonnel who had not been vaccinated in previous years, in 
which there was not apparent difference in the effectiveness 
of the two types of vaccines. In a recent effectiveness study 
that included both LAIV and IIV recipients, there was no 
clear-cut difference in effectiveness between the two vac-
cines [ 208 ].    

9    Unresolved Problems 

 Despite many years of research and vast energies devoted to 
uncovering its mysteries, infl uenza remains an enigma and 
effective strategies for its control are elusive. Infl uenza vac-
cines, including unadjuvanted inactivated vaccines of vari-
ous formulations and live attenuated vaccines based on 
cold-adapted master donor viruses, have clearly been dem-
onstrated to reduce the risk of infl uenza in selected popula-
tions. However, these vaccines have never been shown to 
have any substantial impact on the overall disease burden of 
infl uenza. In part, this is a problem of inconsistent supply 
and limited uptake, compounded by the need for annual 
reformulation and administration, but in part this also refl ects 
our growing recognition of the limited effectiveness of these 
vaccines and an incomplete understanding of the nature of 
protective immunity. 

 Development of more effective vaccines, perhaps to 
include broadly cross-protective vaccines, is an obvious 
goal. The specifi c types of immune responses that could con-
tribute to more effective vaccination are unclear, and the best 
strategies for generating these responses remain to be deter-
mined. Many exciting new discoveries have recently been 
revealed, and multiple innovative approaches for new vac-
cines and adjuvant systems are underway. Each of these 
pathways will need to carefully balance safety and effi cacy 
in the context of the existing very safe but modestly effective 
options. 

 Antiviral agents are another strategy to mitigate the 
impact of seasonal and pandemic infl uenza, but their real 
utility in this disease has also been quite limited. The rapid 
emergence of resistance is a major obstacle facing effective 

use of antiviral strategies, but the basic pathogenesis of infl u-
enza creates an extremely narrow time window for antiviral 
intervention in most cases, further complicating antiviral 
therapy. Novel approaches that focus on modifying the host 
or the host innate immune response may offer one alternative 
that might overcome some of these problems. 

 Although it should be recognized that the cumulative dis-
ease burden of seasonal infl uenza is generally larger than that 
of pandemic infl uenza, the threat of a severe infl uenza pan-
demic represents another unresolved issue in the fi eld. 
Extensive efforts have been devoted to comprehensive sur-
veillance for novel infl uenza viruses and potential pandemic 
threats in a wide variety of domestic and wild animal popula-
tions, and our understanding of the ecology of infl uenza is 
expanding rapidly. However, our ability to actually predict 
the emergence of any specifi c pandemic remains extremely 
limited.     
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